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. The AEI Nuclear Magnetic Resonance Spectrometer type RS2 is an h 
a ° + ‘ Peretti eee eee * ee 
adyanced equipment designed to combirte the highest resolution with S nae at oe 
; r $ \This trace shows the proton resonance spectrum of 
. extreme flexibly in use. re are its outstanding features : i ni - 
- LOLLY He . “ ng f : CHO group of acetaldehyde at 80 Mejs. The separa- 
| $ tion between the peaks is®2,85 c/s and the average 
HIGH RESOLUTION Resolution of | part in 10°, i.e. a line width at $ fine width (at half-height) is 0.6 cjs approximate z 
half-height of 0.4 c/s at 40 Mc/s ; 0.6 c/s,at 60 Me/s etc. a ` Š i x 
Poo . 
ELECTROMAGNET Ficld continuously variable from 1,000 to 17,000™. : - Ai 
gauss. Low power dissipation and special thermal, insulation case problems : | 
of drift. $ A | o ; 
H f \ i ° r A 
5 n d H fN i | f j 
MAGNET GAP The standard gap is 14 in but this can readily be altered : —— ye i vee ——<—<$— 
to values of } in., 1 in., 1} in., 2 in., 2} in., or 3 in. without changing the pole : j 
shoes. Space between coils gives casy access for probe. e i $ bag 
f eneecsceverscstestesceseenatssseesnsnenessnecsssenemsenssennawans 
4 R.F. SIGNAL Choice of eleven frequencies from 2.5 to 60 Mc/s combined 
q with continuously variable magnetic field gives widest possible coverage. The AEI range of scientific equipment 
i includes apparatus for ELECTRON MICROSCOPY, 
PROBE Simple interchangeable inserts for variation of frequency, sample MASS SPECTROMETRY, RADIOGRAPHY, CRYSTALLOGRAPHY, 
size and temperature. MATERIALS IRRADIATION, HIGH VACUUM ENGINEERING, 
s X-RAY MICRO-ANALYSIS. 
Other Features: Built-in A.F oscillator for chemical shift calibration, : g 
10 in., and 2 in recorders with integral design of controls to facilitate operation. Let us look into YOUR problem. 


Instrumentation Division - 
Scientitic Apparatus and X-Ray Department 
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MOLECULAR -DISTILLATION 


UN AL MOAT TUTTI. LULU UL 


@ Suitable for materials with molecular weights up to 1200. 


* 
@ Adaptable for distillation from the micron range up 


| to 100 torr and above. 
@ Fully instrumented for pilot end production duties. 


@ Feed rates_from 50-200 int. per hour. (Depending on 


material). ò 


SIMPLE MOLECULAR DISTILLATION 

Epoxy resins, plasticisers, glycerine and any materiai 
with molecular weights up to 1200. 

STRIPPING Pa 
Sterols, vitamins A or E from liver oils, etc., non- 
condensable impurities, residual alcohols from 
esterification products, residual free acids from 

synthetic resins and plasticisers. 

CONCENTRATION .* 

Extracts and solutions o 

DEODORISING 

egetable oils and plasticisers 7 

SEPARATION 
Polyglycols, complex mineral oils ang mono- 
glycerides. 
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Toe highest standards of performance combined Above: Detection of four elements in one solution, © 
with speed, convenience and reliability place the 
Unicam SP.goo Flame Spectrophotometer in a class Below: The SP.900 Flame Spectrophotometer 
of its own as an analytical tool. Used as a direct- combines speed and simplicity of operation with 
a reading galvanometer instrument the SP.9d0 achieves accuracy and reliability, = 


new levels of ease. and speed. External recorder 
indication adds further to the advantages of this 
* _ outstanding instrument. : 


Elements in solution are quickly and precisely : 
determined by the SP.g00 in both trace’ quantities 
and at high*concentration levels. The spectrum above 
» illustrates the power of the SP.goo to resolve 
‘ characteristic emission lines produced by different 
elements atenarrowly separated wavelengths Studies 
of complex solutions have shown thay both chemica 
and flame interferences are reduced to a minimum 
and frequegtly can be eliminated using simple 
techniques. 6 














Our Technical Sales Department will be pleased 
to receive details of your analytical problems and to 
suggest possible applications of the SP.goo Flaine 


Spectrophotometer. 


$P.900 FLAME SPECTROPHOT 
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Enhancement of Staphylococcal Virulence for 
Mice by Intraperitoneal Cortisone Acetate, 
Cholesterol and Lecithin.—-Dr. Daniel Amster- 
k g9 dam and Dr. §. Stanley Schneierson i < OI 
empor ature Var aion tn is Tha Isolation of a Phagocytosis-inhibiting Substance 
under Normal and Experimental Con- a from Culture Filtrates of an Encapsulated Be 
ditions. Dr. Lloyd B: Erikson os 83 Staphylococeus a aureus.-Dr, Stephen I. Morse ṣo JOR 
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Device Operation 
A. K. JONSCHER, PH.D. 


Resarch Laboratories of The General E lectrice Co. Lid., ai 


Wembley 


E This book should fill a notable gap in semi- 


Hl conductor literature. ‘It sets out to deal system- 
_ atically with the broad subject of injection, 
“transport and decay of excess carriers in semi- 
conductors. It-presents the complete aecount of 
transport laws for excess carriers, a complete 
theory of junction diodes including current flow 
at high and very high densities, as well as..the 
< theory of carrier transport in inhomogencous 
* media, Transistor topics are discussed from the 
game point of view and the operation of certain 
new Geige is- presented., 305. net 
#4 


_* 2ND PRINTING ¿OF 2ND EDITION 


Andrade 


sAN APPROACH TO 
“MODERN PHYSICS 


e NEw screntist : ‘This is'a book which can be read 
<o with pleasure and profit not only by any layman 
>s and any scientist, but also by professional physi- 
cists .. there js hardly any important develop- 
ment, of modern physics. (pure or-applied) which 
has. not been woven into the fabric of this book.’ 
 Alustrated | 


Physics & Electronics 


in Physical Medicine . 


A. NIGHTINGALE 
e MA., PH-D., FsINST.P. 
Senior Lecturer, St. Thomas's Hospital Medical School ` 


_ This textbook has been written to meet the needs 
eof medical students,” physicians, neurologists, 
physiotherapists and specialists i in physical medie 
cine, especially for physiotherapists starting. their 
training for the Prelimimary Examination of the 
Chartered Society and for postgraduate students 
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“TRA € El R S 
IN CHEMISTRY ' 
AND INDUSTRY © e 


TEN augmented and revised by the Author 
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Translated by 
ULLI EISNER, Ph.D., D.I.C., 




































This English version of Mme. Daudèl's monograph- 
specially revised and enlarged. for publication in this 
countrys—meets the need for an introductory text dealing 
with the chetnical and industrial uses of radioactive" tracers, 
as distinet from the biological, Aspects of the subject 
discussed include the preparation of radio-indicators, Heir 
“use in investigating the mechanism of chemical reactions, 
and their special advantages in chemical analysis on a 
„micro scale. Electrochemical and metallurgical applica+: 
tions, aswell as control devices for industrial processes; 
ee alse considered, 


With Wee 
; naen net, 


212 pages. Very full bibliographies. 
diagrams, 9 ae and 3 pinter 


CHARLEY GRIFFIN & COMPANY EIMITED 
42 DRURY LANE WC2 


LONDON 
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Jami in Refractometer 
for liquids | or gases 










Average accuracy: in measurement of retragtive ce 
: index ds approxi ately 0» T 
e ORUN 0007 quis 
the elimination of all spring i djustment to thè- 
. mirrors results in great ‘stability and freedom from: 
Vibration. Worm. wheel gearing actuates the com- Z 
a Ooh ‘pensator. Tubes ul to Os em. dength an be “used... % ote 
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Water Analysis 
Water analysis is one of many problems to which the Unicam SP.900 

Flame Spectrophotometer offers a powerful new approach. Effluents, boiler feeds, 

textile treatment, brewing and foodstuffs, dyeing—in these and many other uses 

of water it is necessary to know’ the concentration levels of a large number of 

inorganic elements, It is frequently found that the quickest, most sensitive method 

of determination is the flame spectrophotometer. 

If your problem is water 

analysis—or any other diffi- 

culty in inorganic analysis— ° 

write. now to learn ‘how the . 

SP.g00 Flame Spectrophoto- 

meter brings new precision, 

new ease and speed, new 

levels of accuracy to existing 

problems and provides the 

answer to many new ones. 

SP.900 FLAME SPECTROPHOTOMETER 

INSTRUMENTS LIMITED - ARBURY WORKS -: CAMBRIDGE 
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| Proŝtems er HUMAN Fertiuary. By Dre Kenneth Walker 
F dees TEXTILE ‘ENGINEERING. By Prof. C. S. Whewell 9. 4 
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Dr. Be A. Green ‘ eat ce w ; 
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STATUS AND DEVELOPMENT OF THE TEACHING OF Cresta. ‘By Prof. T. S. ; 
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Aaronson, Dr S. and Lemie, T.: Nonulosaminfk Acid (Sialic Acid) 
In Protists, 719 

Abbott, Prof. B. C. and Baskin R.J. : Datarmination of Small Rapid Volume 
Changes in a Muscle during Activity, 1055 

Abel, Pemela, and others : Reactivation of Poxviruses by a NongGenetic 
Mechanism, 992 

Ablity (Plaque-forming), of Urea- or Phenobtreated Ta Coli-Phage 
Preparations (Dr. P. H. Hofschnaider), 330 

Abnormalities (CHtomosome), in Man (Dr. C O. Cart8r), 683 ° 

Abnormalities (Foliar), including Repeated Branching and Root Formation, 
induce@ by Kmatin tn Attached Leaves of Marsilea (Dr A. Allsopp 
and Alicja Sxweykowska), 813 

ABO Blood Groups (Dr. A. E. Mourant, Ada C. Kopeć and Kazımiara 
Domanlewska-Sobczak), review by Dr. F. Stratton, 581 

‘Abominable Snowman’. A Reconstruction of the Foot of the (W. 
Techernexky), 496 

Abraham, Dr. E. P, : Appointed reader in chemical pathology at the Unrver- 
sity of Oxford, 767 è 

Abrahams, Harold M, (edited by): Britain’s National Parks, review, 7B 

Abrupt and Delayed Effects of Insulin on che Distribution Space of Glucosa 
in the Dog (Dr. G. Heteny:, jun., and Prof. G. A. Wrenshall), 808 

Abseising Fruits (Adhering and), of Peach treated with N-1-Naphchyl 
Phthalamic Acid! Comparison of (Prof. Loye E. Powell and 
Charlotte Pract), 814 

Absence of Catacholamines in Cardioactive Acetone Extracts of Ox Spleen 
(Dr. L. B. Cobbin and Prof. R. H. Prora: 473 

Abson, W.: Nuclear Electronics, review, 58 

Absorption (Solar , of Cosmic Nor A Relation between Solar Radio 
Emrssion and (Dr M. R. Kundu and Prof. F. T. Haddock), 610 

Absorption Spectra of Diatomic Radicals containing Boron or Silicon (Dr. 
B. A. Thrush), 1044 

Absorption Spectroscopy (Atomic): Determination of Calcium in Blood 
Sarum by {J}. B. Willis}, 249 

noiria Senra : A Concrete Approach to (Prof W. W. Sawyer), review, 


Abstracting Scientific Information, 358 
Abundances of the Rare-Earth Elements, Lanthanum to Lutetium, in 
- Chondrite Mateorites (Dr. R. A. Schmitt, A. W. Mosen, C. 5 
Suffredin:, J. E. Lasch, Dr. R. A. Sharp and D. A Olehy), 863 
Academic Research and Davelopment : United States Expenditure on, 1016 
Acadomy of Scrences of the U.S.S.R, : To publish a collection of Reference 
Books on Mineralogy, 203 
Bibliographical Index of Literature in Russian Language for 1958, 359 
Magneto-lonosphera Disturbances, 359 
Accelerated Motion In tha Theory of Relativity: Analysis of (Robert T, 
Jones), 790 
Accidental Mortality of Guppies exposed to Elevated Temperature: Sex 
ifference in (Prof. John A, Freeman), 491 
Accidents (Road): Proneness of Drivers to (Dr R. 3. Smeed}, 273 
Acadents (Traffic), and Drrvar Characteristics (Saul Hakkinen), 273 
Accumulation of Substrate by isolated Rat Diaphragm—e Possibie Machanism 
for the Antidnflammatory Action of Corticosteroids (Prof. ira G, 
Wool), 728 
f-Acatamidogiutarate (Diethyl): Requirements for Stereospecificity in 
Hydrolysis by Chymotrypsin—4 (Prof Saul G Cohen and 
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Acetate (Cortisone), Cholesterol and Lecithin : Enhancement of Sraphy~ 
locca! Virulence for Mice by Incraparitonaal (Dr. Daniel Amsterdam 
and Dr. S. Stanley Schneierson), 101 
Acetobacter aceti: Pigment-producing Strains of (J G. Carr and J. L. 
Shimwell), 33] 
Acetone Extracts (Cardloactrve), of Ox Spleen © Absence of Catecholamines 
in (Dr. L. B. Cobbin and Prof R. H. Thorp), 473 
G-k) : I-a-Glucase : Synthesis of (Y, Z. Frohwein and Prof, J. Letbowitz), 


I 
Acetylation of 4-Quinezolone (R. Mirza), 716 
Acetyicholne In Rat Diaphragm : Release of (K. Krnjaviéand J.F Mitchell), 


Acetylcholine In the Rat’s Brain: Effect of Methylpentynol on (Grancarlo 
Pepeu and Prof. Nicholas J. Garman), 638 

Acatylcholine Administration : Intracellular Potentials in Rat Atria during 
and after Vagal Stimulation or (P. A. Biersteker, J. Th. F. Boeles and 
L. N. Bouman), 637 

Acetylene (Methyl!) ; Decomposition of (F. Fitzgerald}, 386 

Acheson, Dr. Roy : Human Growth (Effects of Malnutrition and [iness on 
Growth), 20 

Acheta commodas (Walk }: Effect of Sub-Zero Temperatures on Diapause 
Eges of (T. W. Hogan), 98 

Achievement of Man-powered Flight (Financial grants from the Royal 
Aeronautical Society Man Powered Aircraft Group, for promising 
projects d@signed to further the), 1020 
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Acid-soluble Nucleoside 5'-MonophospMfates : Heterogeneous Labelling of, 
during Short in vrro Incubation with Phosphate-oP (Dr. T. D., Price, 
K K. Tsubo, H A Hinds and P. B. Hudson), 158 

Acidic Dissocragion Constant of Alcoholic Biba he of Oxycarboxylic 
Acids-~-Mandelic Acid (Dr. M. T. Beck and M. Halmos), 388 

Ackee Toxin, a Riboflavin Antimetabolita? (H, C. Fox and D. S. Miller), 561 
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olism of unicellular algae, 604 
National Bureau of Standards (United States) ; Monograph No 5, Preser- 
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out in the Department of Human Anatomy, 126 
Natronal Council for Technological Awards : Honorary diploma jn tech- 
nology (engineering) awarded to Lord Hives, 767 
Natronal Institute of Adult Education > Residential Short Courses, 685 
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ae iS Prof. A. (Marshall, Dr. R. D., and): Amide Nitrogen Content. 
of Ovomucoid, 31} 

Neurokeratin Network of the Peripheral Nerve Fibra Myelin Sheath as a 
Centre of Metabolic Activity (Dr. H. B. Tewari and Prof. Geoffrey H. 
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New Allele in the Kidd Blood Group peter : Evidence for a, in Indians of 
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elstaff, 187 
onas and A. D. 


t s 
New instruments for Electronic Engineers, 85 


2 
ew Interpretation of the Mullite Problem GU. H Welch), 545 
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Nigerian Plants > The Photoperiodic Response of some (E. Nroku), 438 

Night Sky in May, 284; in June, 604; in July, 938 

Nineteanth-Century Botanist, review by Sir Edward Salisbury, 44 

Ninhydrin-positrve Compound, probably a Peptide : Urinary Excretion of 
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\ DEVELOPMENT OF NUCLEAR ENERGY IN BRITAIN 


HE examimation of the work of the Production 
Group and the Development and Engmeering 
Group, mto which the Industrial Group of the Atomic 
Energy Authority was divided in July 1959 by the 
Select Committee on Estimates, was described in the 
Committee’s Fifth Repost for the Session 1958-59". 


Nhe report is noteworthy as the first detailed exam- 
- ination of the work of the Authority by a Parlia- 


mentary Committee. The Industrial Group comes 
well out of this scrutiny ; the Select Committee makes 
numerous favourable comments, and it has since 


been announced that the Authority has accepted 


substantially all the Committee’s recommendations. 
The organization of the Authority was, of course, 
scrutinized jwo years previously by the Fleck Com- 
mittee, which was particularly concerned with the 
organization of the Industrial Group, and the re- 
arrangement made last July was contrary to the 
recommendation of that Committee, though intended 
to reduce the span and hence the burden of manage- 
ment, which the Fleck Committee had itsolf regarded as 
a weakness in the Group. In welcoming this decision, 
the Select Committee expresses the opinion that the 
advantages are now such as to offset the disadvantages 
which Jed the Fleck eae to oppose such a 
change at the time. 

While the report is of aad interest for the 
light it throws upon the position of the Industrial 
Group in Britain’s research effort, and the magnitude 
of the demand made for man-power and other 
resources, the two main questions with which the 
Select Committee was concerned are the general 
strategy of the development of nuclear power in the 
United Kingdom and the relation between the 
Authority and the industrial companies operating in 
this field. The staff position, and to some extent the 
research effort, is directly related to the organization 
of the Industrial Group, nor can either be separated 
sharply from the general policy adopted in the 
development of nuclear power or the way in which 
this development is shared between the Authority 
and the industrial consortia. Both are competing, 
for example, for highly skilled man-power which 1s 
relatively scarce, and it is now only too clear that the 
market for nuclear energy is relatively limited. 

One feature in the situation is the rapidity with 
which the Industrial Group has expanded. From a 
staff of 16 when the original nucleus was formed in 
the Production Division of the Ministry of Supply in 
1946, the Industrial Group had grown to a staff of 
10,000 in 1955, and by March 1959 to more than 
18,000; and.its annual gross expenditure is estimated 
to have increased by 50 per cent between 1956-57 

and 1959-60 ; about half the present staff of 18,000 are 
oil eae ae ais (eee 


ome ti Group) 
: HM ppo “Omce, » net. 


. employed in the factories. The total is expected to 


exceed 23,000 by 1961-62. Works staff has increased 
by 16 per cent between 1958 and 1959 and is expected 
to increase by a further 12 per cent between 1959 
and 1960. The Research and Development Branch 
increased by 9 per cent between 1957 and 1958, and 
& further 22 per cent increase on the 1958 figure is 
expected by 1960, including an increase of 600, of 
whom 80 are senior staff arising from acceptance of 
the recommendations of the Fleck Reports. 

Nevertheless, the real check on the magnitude of 
the development effort of the Group has been the 
shortage of scientista and engineers, and serious 
difficulty has been encountered in filling the most 
senior posta. As already noted, the decision to split 
the Industrial Group was made to reduce the burden 
of management at the managing director and deputy 
managing director level, and to the same end the 
Authority has decided to restrict its research, develop- 
ment and design organizations to an annual growth 
of about 8 per cent for the next three years. This 
decision must strictly limit the number of reactor 
systems which the Group can develop; but since 
limitation is imposed in terms of staff, not expendi- 
ture, expansion in excess of this figure could be 
achieved by placing more contracts with industry 
and the universities. 

The industrial consortia are understood to be 
employing already some 4,000 men on reactor design 
and development; but on this question of the 
balance of the whole research and development effort 
of Britajn, the Select Committee, which welcomes the 
Authority’s decision to limit its annual expansion of 
staff, makes no comment. It recognizes, indeed, that 
total development effort cannot be properly con- 
trolled on the basis of ad hoc decisions on individual 
development projects, and it found no evidence of 
over-stafing at any of the works or establishments it 
visited, though it expresses concern as to tHe size of 
the Risley headquarters, where about 20 per cent of 
the Group’s staff is employed. About half of these 
are employed in the Engineering Branch, and several 
hundred in the Finance and Personnel and Adminis- 
tration Branches. The Select Committee does not 
regerd the Engineering Branch as excessive in size at 
present, but suggests that it should remain fairly 
static in size; and it is clear from the report that 
the Authority is fully conscious of the danger and, 
apart from the beneficial effect in this respect of the 
creation of the two new Groups, is also taking 
meagures to see that opportunities of down-gradmg 
jobs are not missed. 

Some of the Select Committee’s specific recom- 
mendations bear closely on this question of efficiency. 
Thus it suggests that the increased status and 
responsibilities of works general managers should be 
recognized in a way that will ensure that these posts 
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attract men of the high calibre required. Further, 
the Authority should consider whether more formal 
arrangements are required to co-ordinate the work of 
the Production and Development and Engineering 
Groups when the present arrangements have been 
tried over a reasonable period. It is also recom- 
mended that after a reasonable period of experience 
of the new organization, the system of co-ordinating 
the work being done at the various laboratories 
should be reviewed, to avoid duplication or lack of 
balatice. Generally, the Committee was satisfied with 
the way the Industrial Group has tackled a succession 
of novel problems, and the recognition of the im- 
portance of cost is shown in developing a modern 
system for controlling expenditure. Military require- 
ments, however, are now ceasing to be the pre- 
dominant influence in the work of the Group, and 
with the growing emphasis on reactor development 
and commercial] activities, it is the more important 
to bring industry into partnership with the Group so 
as to obtain the greatest economic value from 
scientific and capital resources in this field. 

Here in the section on partnership with industry 
the Select Committee makes some important com- 
ments. Admittedly, only a Government-financed 
organization can, at this stage, afford the necessary 
capital, the extended research and development work, 
or the long-term risks that are required for the 
development of nuclear power for civil purposes. 
The primary responsibility for the development of 
nuclear power for these purposes in Britain must lie 
with the Authority, if the limited resources of the 
nation are not to be dissipated. Nevertheless, the 
relative positions of the Authority and of industry 
have been changing rapidly, and the Select Committee 
believes that the Industrial Group should respond to 
the changed situation by bringing industry into 
closer partnership at every stage of development. 

This should include a deliberate policy of enabling 
industry to play a greater part in certain activities 
for which the Group has been largely responsible in 
the past, partly to ease the stram on the Group’s 
gwn resources, partly to ensure that resources avail- 
able to industry are economically employed, and 
partly also to enable industry more quickly to acquire 
the ability to originate and exploit nuclear develop- 
ments itself. Specifically, the Committees recommends 
that the Industrial Group should invite the industrial 
consortia to attach a limited number of people to 
experimental reactor projects and take positive steps 
so as to make sure that they are quickly aware of the 
progress of work on such projects. Ifno experimental 
reactor is to precede the prototype stage of a system, 
the consortia might be invited to join the Group in 
technical discussions as soon as feasibility studies are 
complete. More contracts with industry are also 
suggested for the design and construction of complete 
chemical and fuel fabrication plant, and it is expected 
that four-fifths of the additional design capacity 
required by 1960 will be provided under design 
contracts with industry. When further expansion of 
plant for the fabrication of fuel elements is required, 
the Select Committee recommends that the Authority, 
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the Electricity Generating Boards and the consortia 
should jointly consider the possible advantages of 
these facilities being provided and operaifd by others - 
than the Authority. 

The industrial consortia are already making a con- 
siderable contribution in research and development 
on the Magnox system, which they are exploiting com- 
mercially, but during 1958-59 only about 8 per cent 
of the Group’s operating expenditure on research 
and development was accounted for byeextra-mural 
contracts with industry and@ universities. Most of 
this extra-mural work was done with industry, and 
the Committee particularly welcomes the evidence ~ 
that the Authority now intends to increase consider- 
ably the volume of research and development work 
being placed with industry. This will mainly be work 
not requiring irradiation or radioactive examination 
facilities in mechanical or electrical engineering, 
gas dynamics, heat transfer and metallurgy of reactor 
systems. It is planned to treble the valve of extra- 
mural work in the next few years, and, ib is hoped, 
increase tenfold between 1958-59 and 1959-60 the 
extra-mural research expenditure by the Dounreay 
establishment. 

The pattern of research and development at Doun- 
reay is somewhat different from that at other estab- 
lishments, and the work of the laboratories there is 
not so easily separated from that of the rest of the 
establishment. Most of it is in support of the fast 
reactor, but work is included on enriched fuel elements 
for the Dounreay materials-testing reactor, exam- 
inations of these elements after irradiation and 
plutonium technology. The most noticeable feature 
about the research effort of the Industriel Group as 
æ whole, however, is the rapidity of its growth. In 
terms of operating expenditure, the research and 
development effort increased by about 280 per cent 
between 1956-57 and 1959-60 and by about 110 per 
cent even if Dounreay expenditure is excluded, while 
the gross expenditure of the Group is estimated to 
have increased by about 60 per cent between 1956-57 
and 1959-60. 

The Select Committee expreases no opinion as to 
whether the total research effort of the Industrial 
Group is too large or too small, but, while it is 
impressed by the way the Authority has so far kept 
the reactor development programme co-ordinated 
and concentrated, it does not appear to be entirely 
satisfied that this will remain so. In terms of man- 
power, it is estimated that about a quarter of the 
Group’s total research effort will still be employed in 
relation to Calder Hall and Central Electricity 
Generating Board reactors, about a fifth on the 
advanced gas-cooled reactor, and about a tenth on 
the problems of the fast reactor. This is much the 
same as in 1958-59, and the Select Committee does 
not think it desirable that the Industrial Group 
should be required to devote continuing and large- 
scale effort to achieving margmal improvements in 
the operating performance of systems it has developed 
in the past. The Group’s principal task is to create 
and develop new systems, and it is recommended 
specifically that research and development work of 
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this character on reactors at present under con- 
struction for the Central Electricity Board should, so 
far as le, be confined to problems with which 
the Electrickyy Board and the industrial consortia are 
not equipped to deal. 

The strong support which the Select Committee 
lends to the development of the fast reactor pro- 
gramme is noteworthy, and particularly in view of 
the importance which it attaches to a proper balance 
of effort. dt recommends that this priority should 
now receive special corbideration, and it particularly 
welcomes the assurances that essential work on this 
system had not suffered from lack of plutonium, that 
the fast reactor was not being held back by work 
being done on any other reactor system and that the 
whole plutonium technology research programm 
is to be extended. The Select Committee’s assessment 
of the situation has indeed gained in value since the 
report was issued in view of the tendency in some 
current dfscussions to discount the nuclear power 
programme on account of the over-stocking of coal. 
On balance, the Committee regards the Authority as 
right in limiting its effort as it has done, even to the 
extent of devoting no design or development effort 
in the Industrial Group specifically to reactor systema 
for export. 

Nevertheless, the Select Committee considers that 
the Authority as well as industry should be ready to 
make some contribution in this field, and the limite- 
tions imposed by man-power, considerations alone on 
a research and development ‘effort of the magnitude 
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of the Atomic Energy Authority is sufficient reason 
why the research and development effort of the 
whole of Britain needs to be brought very carefully 
under review before entering on large commitments 
in new fields such as space research. That has 
been very eloquently pressed by Mr. Woodrow 
Wyatt, and also by Mr. F. V. Corfield, Mr. G. de 
Freitas and Mr. G. Chetwynd in an adjournment 
debate in the House of Commons on February 22. 
Fortunately, Mr. G. Rippon, Parliamentary Secretary 
to the Ministry of Aviagion, who replied on the 
debate, while sympathizing with the cogent argu- 
ments advanced, did not depart from the warning 
of the Advisory Council on Scientific Policy that 
there is a financial limit to what Britain can do. 
Mr. Rippon pointed out that while the Advisory 
Council has not recommended any British partici- 
pation in the attempt to launch human beings 
into space, it is convinced that British science and 
technology have contributed, and would continue to 
contribute, valuable results in space research. The 
review by the Select Committee on Estimates of the 
work of the Industrial Group of the Atomic Energy 
Authority shows once again the severe limits on the 
resources of Britain, the vital necessity of keeping 
the research and development effort in reasonable 
balance, and the desirability that contributions in 
new fields such as space research should be made in 
specific directions appropriate to the special skills 
available in Britain and that where possible they 
should be part of an internationally based approach. 


SUPERFICIAL CHEMISTRY AND SOLID IMPERFECTIONS" 


By Pror F. C. TOMPKINS, F.R.S. 


ATTER at the boundaries or interfaces between, 
two different phases, for example a solid and a 
gas, has unusual properties. Of the many problems 
involving gases in contact with a solid surface, per- 
haps the most compelling and least understood is 
that of heterogeneous catalysis, which in the present 
context is confined to the acceleration of the rate of 
reaction of gases brought about by the introduction 
of a solid surface. There is a marked contrast 
between’ the extremely successful efforts of the 
industrial technologist in producing specific and 
efficient catalysts and the modest progress made 
in the elucidation of the basic principles of 
catalytic action. However, particularly in the past 
fifteen years, considerable advance has been made 
in our understanding of the bonding of gas 
molecules to surfaces of solids (here restricted to 
metal surfaces) largely arising from the use of new 
techniques. 

The surface of a metal may be compared to a large 
free radical with ‘dangling valences’ which readily 
form chemical bonds of strength and character similar 
to those in primary chemical bonds. Not until 
the brilliant experimental work of J. K. Roberts in 


Bubstance of an maugural lecture delivered at ihe Imperial College 
of Sean and Technology, London, on February 2 


Cambridge, some thirty years ago, was it recognized 
that this proceas of chemisorption of a gas, in particu- 
lar of oxygen, was practically instantaneous even at 
— 196° C. Calculation shows that oxygen at “°a 
pressure of 10-?° atm. forms a complete chemisorbed 
monolayer within 1-2 min. so that, at least in respect 
of chemisorption, most of the earlier experimental 
work has to be rejected. The problem to-day is, in” 
principle, solved by the use of modern vacuum pumps, 
which attain es lower than 10-1* atm., so 
that time can be made available for accurate measure- 
ments, However, since the metal surface 13 bound 
to have been in contact with air at some time, there 
is the difficulty of the initial removal of the chemi- 
sorbed layer since, for example, oxygen is so strongly 
bound to a tungsten surface that heating to 1,500° C. 
in the highest vacuum over & period of e year will not 
remove it, nor is hydrogen reduction at this tempera- 
ture any more effective. Only by flashing at 2,500° K. 
can a clean surface be obtained, and, even go, this is 
brought about by breaking the W-W bond and not 
the W—O link. However, Beeck’s method of evapor- 
ating a metal in high vacuum and condensing the 
vapour on the walls of the reaction vessel has virtually 
removed the major difficulties of obtaining clean 
metal surfaces. 
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.. A chemisorbed layer has a tremendous effect on 
ə the electron emission from tungsten at 1,500° C., 
because of the increase or decrease of the energy 
required to free an electron from the metal ; from-this 
change of work function the dipole moment of the 
chemisorbed bond may be caloulated using an 
elementary theorem in electrostatics. The sign of 
the dipole gives information as to whether the metal 
acts as an electron donor or acceptor, and the magni- 
tude is & measure of the extent of charge transfer ; 
this knowledge has value,*since the catalytic effect 
of metals may well be dependent on their acting as 
sinks or sources of electrons. The results of these 
investigations can be combined with those of others ; 
from the heat of chemisorption, the strength of the 
chemisorbed bond may be estimated; from the 
change of electrical resistance brought about by 
chemisorption of gases on metallic films, the extent of 
localization of electrons in the bond may be deduced ; 
and from the change of magnetic susceptibility, the 
difference in the number of paired electron, spins (a 
property of covalent bonds) can be obtained. Con- 
siderable information is therefore available, and 
correlation with the known efficiency of metal 
catalysts may be sought. 

For example, copper, silver, gold are ineffective 
catalysts for hydrogenations or in carbon monoxide 
and hydrogen syntheses, whereas nickel, iron, cobalt 
are highly efficient. From the fundamental investiga- 
tions, the bonding of these gases to copper, silver and 
gold is non-directional and largely electrostatic in 
nature; with nickel, won, cobalt it is specific and 
directional. Hence it is probable that an officient 
catalyst must impose an orientational effect and so 
induce the formation of a particular configuration 
of an unstable, short-lived, intermediate product 
which forms the initial point of a sequence of events 
leading to the final products of the process—and the 
possession of directional properties can be associated 
with specific features of the atomic structure of the 
transition elements which are absent in Group IB 
metals. 

Advantage may also be taken of the fact that the 
sign and magnitude of the dipole moment of the 
chemisorbed bond are specific. Thus, the CO-bond 
to nickel has a dipole moment five times that of 
hydrogen, both being negative outwards from the 
metal, and four times that of the CO-bond to copper, 
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where, however, it is positive. An exemple is the 
reaction of carbon monoxide and hydrogen at an 
iron surfate. The bonding..of carbon monoxide to 
the surface ig similar fo that between the carbonyl 
group and the iror atom in ‘the free molecule, iron 
carbonyl (Fig. 1); hydrogén, “however, is adsorbed 
as atoms which are located: between-the surface iron 
atoms, that is, interstitially (Fig. 1). When there 
are equal numbers of carbon monoxide molecules and . 
hydrogen atoms in the saturated layer, possible 
structures are shown in Fig. 2, with the corresponding 
measured or estimated work-function ohanges. 
Structure (b), and particularly (c), the aldehyde 
structure, have frequently been postulated in many 
mechanisms for this particular reaction, but none is 
consistent with the measured work-function value 
(Fig. 3). However, a surface structure analogous to 
the iron hydrocarbonyl molecule (Fig.~ 4), often 
suggested as an intermediate product in liquid-phase 
syntheses of similar nature, in fact gives the experi- 
mental value. Here the hydrogen atom (probably 
~1A. from the surface) ‘donates’ about half the 
electronic charge to the metal. 

The interesting new feature is the dual role of the 
hydrogen atom (Fig. 5)—it ia bonded interstitially 
between two metal atoms, only when these are free 
of other attachments. It then carries an overall 
negative charge, is difficult to detach from the surface, 
but is reasonably free to move over the surface. 
When, however, the two metals have engaged in 
chemisorption of carbon monoxide, despite the fact 
that the hydrogen atom can easily get into the inter- 
stitial position, it prefers to remain ‘outside’ the 
surface, between the carbon monoxide groups, where 
It carries a positive charge. From this position it is 
easily detached, is highly reactive, and can move 
over the surface with comparative ease. The metal 
therefore appears to act simultaneously as an electron 
donor and electron acceptor, and the catalytic process 
may thus have some analogy to the Brensted—Lewis 
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acıd-base catalysis familiar to students of solution 
kimetics. Similarly, when a nickel surface 18 con- 
taminated with chemisorbed oxygen, subsequent 
hydrogen adsorption gives a structure shown in 
Fig. 6, and this may be pne reason why the mdustrial 
(oxygen-contaminated) catalyst is much more effec- 
tive than a clean nickel film, provided that the H+ 
species 18 an essential requirement for efficiency. 

A second example is the oxidation of carbon 
monoxide by oxygen on a copper catalyst. As in the 
previous example, gases are added separately to the 
catalyst at a low temperature, and both the quantity 
of each gas chemisorbed and the corresponding work 
function changes are measured. The temperature 
is slowly creased, when some carbon dioxide, the 
product of oxidation, and carbon monoxide are 
evolved ; the amounts of the two gases desorbed and 
the accompanying change of work function are 
recorded. Possible structures of the complexes 
remaining at the surface can now be postulated and 
the calculated estimates of the changes of work- 
function, are compared with that actually obtained. 
In this system, only two or three structures for the 
rest of the complex on the surface remain. Finally, 
fresh gas, the nature of which is chosen suoh that 
chemisorption should take place with a known change 
of work function, is then added. If the experimental 
facts then accord with the forecast, the sequence of 
events is. a reasonable and consistent one. This is 
ulustrated in Fig. 7, where the process of separate 
absorption (a), (b), partial desorption (c) and re- 
adsorption of carbon monoxide (d) is depicted with the 
corresponding experimental values of the work- 
function. 

In the past five years, another powerful technique, 
in which infra-red spectroscopy is employed to 
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elucidate the structure of surface complexes, has 
been successfully exploited. Advantage is taken of 
the fact that frequency of vibration of atoms in 
molecules is specific to a particular bond and its 
immediate environs, and this may be identified as a 
band in the infra-red spectrum. 

The major difficulty in the application to chemu- 
sorbed substances is the requirement that there must 
be a comparatively large number of molecules in the 
light beam before the be paas can ‘see’ the 
bands. Eischens has ntly shown this to be 
possible by depositing the metal on exceedingly 
fine particles of non-porous silica, which itself is 
reasonably transparent to infra-red light. Already, 
three different forms of binding of carbon monoxide 
to metal surfaces have been recognized, all of which 
have their analogues in the well-known free molecules, 
the metal carbonyls. Furthermore, the concentration 
of each structure can be determined from the intensity 
of the infra-red band; in particular, when hydrogen, 
is adsorbed ‘on top’ of a chemisorbed carbon monoxide 
layer, there is no loss of intensity of the CO-band 
such as would result from combination of CO with 
hydrogen, nor do any new bands attributable to 
CH or OH or CHO bonds appear. These results 
confirm the conclusion drawn from the experiments 
on the work-function which suggested the hydro- 
carbonyl structure. 

There are still many formidable experimental 
problems to be solved before the full power of the 
infra-red technique can be exploited for studying 
chemisorption. One aspect, where ita usefulness has 
already been indicated, is the investigation of the 
non-uniformity of the surface. The bonding ig 
undoubtedly different at certain ‘active patches’, 
and by noting the change in frequency of the infra- 
red bands, the surface may be ‘scanned’, 

This non-uniformity at the surface arises in part 
from the imperfect structure of the solid. The 
electron, diffraction experiments of Laue ¢ al. in 
1912 were accepted as the firat experimental proof 
of the theoretical concept of a crystalline solid as a 
perfect, orderly, three-dimensional array of atoms ; 
but in 1914 Darwin directed attention to the intensi- 
ties of the pattern, which were 10-100 times too large 
for diffraction from a perfect array. His suggestion 
of a large number of small crystallites imperfectly 
aligned and cemented together has finally led to tha 
recognition of dislocations as general imperfections 
of all solids. However, in addition, crystals have their 
maximum stability when, the lattice has vacancies 
(atoms missing from lattice sites) and interstitials 
(atoms squeezed into abnormal positions between 
lattice sites). Physical chemists interested in the 
chemical reactivity of solids now regard the nature 
and number of these imperfections as being of greater 
significance than the particular geometrical arrange- 
ment of atoms in a crystal. 

With an ionic crystal such as sodium chloride, 
there are both cation and anion vacancies carrying 
opposite virtual charges, and having mobility. They 
therefore tend to attract each other to form neutral 
double vacancies and higher aggregates. Indeed, the 
solid may be regarded as the solvent and the point 
imperfections as the ions, and then such electro- 
chemical terms as association constants, ion-pairs, 
solubility product, transport numbers, eto., may be 
applied and interpreted. Where there are abnormal 
electric field gradients, such as exist in the neighbour- 
hood of dislocations, vacancies and interstitials 
can be directed to specific localities—indeed, the 
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dislocation can give birth to point imperfections and 
` also become their burial ground. It is therefore 
reasonable to associate the preferential reactivity of 
solids at certain unique localities with the presence 
of imperfections. Such abnormal regions may be 
made visible--by certain etching and decoration 
techniques and may well represent, at the sur- 
face, the ‘active centres’ of the Taylor school of 
catalysis. 

Within the solid, the dislocations provide paths 
along which atom or ion movement can occur more 
readily: they are localities where atom (ion) re- 
arrangement is easier; and they represent positions 
where a product of reaction finds space for precipita- 
tion and aggregation. 

Many of these concepts have been applied to the 
mechanism of the thermal position of solids, in 
particular metal azides, which, when heated, decom- 
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pose to metal and nitrogen. In these compounds, 
the formation of point imperfections has been 
followed, their combination and aggregation recorded, 
and, finally, the details of growth of thea metal speck- 
analysed. From ionic conduction, the number 6f 
imperfections and their speed of movement through 
the lattice have been calculated ; from the electronic 
conductivity under ultra-violet irradiation, the 
number of free electrons and their trappmg probability 
have been assessed ; and other information has been 
obtained from absorption spectra and electron spin 
resonance, ° 

In all, the recognition of the role of imperfections 
has not only gone a long way towards the solution of 
the problem of how mass and charge are transferred 
in a solid but has also suggested the use of a large 
number of new techniques to further the study of this 
complex problem. 


CHROMOSOMES IN PRIMARY NEOPLASTIC GROWTH 


By Dr. K. BAYREUTHER* 


institute for Cell Research and Genetics, Karolinska Institute, Stockholm 


T was the German embryologist Theodor Boveri 

who first aroused interest in the chromosome 
constitution of tumour cells. On the basis of studies 
on abnormal chromosome segregation and the result- 
ing disturbances in the early larval development in 
dispermic fertilized sea urchin eggs, Boveri formulated 
the hypothesis that the malignancy of the mam- 
malian somatic cell might be the result of a certain 
aberrant chromosome constitution’. The early 
efforts to test this concept yielded no conclusive 
information, however, mamly on account of inade- 
quate methods. 

During recent years critical facts have been collected 
by means of improved techniques about the chromo- 
some cytology of various tumours. As a result dis- 
cussion about the significance of aberrant chromo- 
some constitutions m cancer cells has been revived. 
Several investigators consider that karyotype instabil- 
ity is ngt essential for the acquirement of neoplastic 
properties’. Others regard genetic variation at the 
chromosomal level as the cause of neoplastic trans- 
formation or at leest indispensable for tumour 
progression®. The view of the latter group is mainly 
baged, however, on results from material which is 
not truly representative of primary tumours. 

With these opposing views in mind, karyotype 
analysis hag been undertaken in some spontaneous 
tumours, virus-induced tumours, tumours caused by 
endocrine imbalance, and chemically induced primary 
tumours in various species including the domestic 
fowl, mouse, rat, Chinese hamster, domestic rabbit, 
cattle and man. The results obtained will be 
outlined. 


Observations on Tumour Cells 


Spontaneous primary tumours which were entirely 
untreated were studied in mice, cattle and man. 
As can, be seen from Table 1, 68 out of 78 (87 per cent) 


* Present address: Department of Radiology, Stanford University 
School of Medicine, Stanford, Oalifornia. 


neoplasms analysed revealed the species-specific and 
sex-specific normal chromosome complement. The 
majority of the experimental tumours were collected 
at the earliest possible stage of development and then 
showed mostly normal chromosome complements. 
Abnormal chromosome constitutions were as a rule 
restricted to tumours of large size. Frequently these 
showed several cell-types with numerically and 
structurally different abnormal chromosomal con- 
stitutions, often with no predominance of any one 
type. 

A quite different picture was obtained, however, 
when primary spontaneous leukemia cells with the 
normal chromosome set from mesenteric lymph glands 
of four 4K-mice were separately transplanted to four 
animals of the-same strain. The karyotype integrity 
was lost in three of the four lines in the first passage. 
Durmg four subsequent transplantations the line 
which was normal in the first passage remamed so, 
and the other three lines, which at the first passage 
contained a wide range of karyotypes, were in the 
fifth passage predominantly populated by a single 
line-specific abnormal cell type in all sites. 

These findings indicate first that gross chromosome 
re-organization seems not to be essential for the 
acquirement of malignancy in spontaneous neoplasms, 
and that differences in the degree of malignancy as 
in the case of acute and chronic leukemia in man 
cannot be ascribed to a diversity in chromosome 
complement. Secondly, they suggest that the 
abnormal constitutions are of secondary nature and 
arise spontaneously in the course of tumour develop- 
ment presumably as a consequence of neoplastic 
changes on other levels, and that the cytogenetic 
stem-lne concept‘ has no general validity in the 
primary spontaneous tumour growth. Finally, they 
show that the chromosome mechanisms in the primary 
growth of spontaneous leukemia may be quite differ- 
ent from those in the transplantation growth. 

Virus-snduced Tumours. Virus-induced neoplasia 
was studied in four species of experimental animals, 
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Table 1. OROMOSOMBS IN SPONTANEOUS PRIMARY T'UMOURS Dy MIOR, CATTLE AND MAN 


b œ 


a 
Cattle (24 = 60) 
Man (2% = 46) 


myeloic lenkemia 
Chronic lymphatic lenkemia 


meen O Goma 


the domestic fowl, the mouse, the rat and the domestic 
rabbit. Chickens two weeks of age were inoculated 
with the erythroleukwmia virus. In the final stage 
of the disease erythroleukwmia cells in the femoral 
bone-marrow and in the spleen showed the normal 
12 macrochromosomes in five male animals (total 
number of cells analysed (t) = 600, number of cells 
with chromosome numbers less (<) than the standard 
number (st) = 18, number of cells with chromosome 
numbers greater (>) than s = 6), and the normal 11 
macrochromosomes in five female specimens (¢ = 500, 
8 < st; 4 > st). Cells with the normal macrochromo- 
some complements predominated also in three 
fibrosarcomas in male fowls (t = 150, 4 < st) and in 
three fibrosarcomas in females (t = 150, 3 < st; 
2 > st) induced by the Rous agent, and in three 
myxosarcomas in males (£ =150, 9 < a; 2> st) 
and in two myxosarcomas in females (è = 100, 
_ 1 > st) caused-by the Fujinami virus. Besides the 
macrochromosomes about 60 additional microchromo- 
somes were found in all tumour cells in both sexes. 
. Because of their small size and similar form a reliable 
-numerical and structural analysis of the latter 
elements is, however, not possible. 





Number of tumour sites studied 


Normal 
chromosome Oclls 
constitution counted 


Total chromosome Cells 


constitution -] counted 


ka 
no 


MOR O Oh ie n 


A very similar general picture was obtained from 
six virus tumour systems in mice and rats (Table 2): 
Here 75 out of 76 (98 per cent) primary and secondary 
tumour sites in the initial host were normal, and in 
addition three out of five virus-induced tumour lines, 
both solid and ascites, that were transplanted, also 
showed the normal species-specific and sex-specific 
chromosome complements. Thus it seems very 
unlikely that the tumour viruses cause neoplastic 
transformation via chromosome mutation. On the 
other hand, an abnormal genetic constitution of the 
host cell does not necessarily disturb the interaction 
of the virus and the host cell. The decreased virus 
titre in the transplanted reticulum cell sarcoma hne 
(Sq1B)® may indicate that genetic variation can 
eventually lead to an abnormal constitution more 
favourable to the virus action, so that less virus ig 
needed for a more efficient tumour growth. 

Shope fibroma virus inoculated into five animals 
two weeks of age caused a lethal inflammatory, 
fibrosarcoma-like disease, while in four rabbite sixteen 
weeks of age the same virus sample induced benign 
fibromas only. The fact that both types of neo- 
plasms, the fibrosarcoma (f = 150, 5 < s; 2> st) 


Table 2, OHROMOSOMES IN VIRUS-INDUCED TUMOURS IN MICH AND Rats 


General myeloic lonkemia 
Solid SOV 16 


Ascites SOV 16 


Solid myelotc leukemia 
General lymphatic 
leukrwra . 


Parotid d tumour 
Seh e gland 
tumour 
Sublingual gland tumour 
tumour 


tumour 
Mammary tumour (86 Oa) 
Mammary tumour (96 Cbd) 


Number of tumour sites studied 


Normal Abnormal 
chromosome | Cells | chromosome! Calls 
constitution. | counted | constitution | counted 


Total 
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CHROMOSOMES IN CHBWICALLY INDUCHD TUMOURS IN OCR, CHINHSH HAWSTRRS AND BATS 


Table 3, 






Tumo Tumour type Induced by 
No. 
1 Lymphatio leukemia 9 :10-dimethyl- 
ST-stram (mice) 1 : 2-bensen ne 
2. Mammary jumour Ethyl carbamate 
Lung imour ieee Ethyl carbamate 
OH x WLLe (mice, 
" 3 Mammary tumour 2-acetylamino~ 
(Wistar rata) fluorene 
4 Fibrosarcoma 20-methylcholanthrene 
(Chinese hamsters) 
Fibrosarcoma 8,4-benspyrene 
(Wistar rats) 
6 Hepatomas 4~dimethylaminoazo- 
(Wistar rata) benzene 


and tbe fibroma (t = 120, 3 < st; 2 > st), were com- 
posed almost entirely of cells with the fourty-four nor- 
mal rabbit chromosomes may indicate that the degree 
of malignancy is not necessarily determined by the 
chromosome make-up of the tumour cell, but might 
possibly be the result of differences in the physiological 
state of the host. In contrast the benign papillomas 
im five animals caused by Shope papilloma virus 
had normal chromosome complements (t = 250, 
ll < st; 7 > st), but after malignant transformation 
every resulting primary carcinoma in five animals was 
characterized by a different byperdiploid chromo- 
some complement (t = 122). In addition the V x 2 
*(Rous) tumour, derived from a Shope carcmoma by 
transplantation for about twenty years, had fifty- 
eight chromosomes (t = 92). It may be, therefore, 
that the interaction between the papilloma virus 
and the normal genotype results-in a benign tumour 
only, whereas an altered cell may allow the virus to 
cause a malignant growth. It is still undecided, 
however, whether the abnormal chromosome con- 
stitutions detected in the primary carcinomas 
represent the cytogenetic basis for the malignant 
growth or if they are only superimposed on changes 
at other levels. 

Tumours induced by endocrine imbalance. The third 
group of neoplasms analysed are those produced by 
“experimentally provoked endocrine imbalance. Such 
tumours are usually hormone-dependent during the 
earlier atages and will often regress if the causative 
imbalance is corrected. Dependent tumours tend to 
change to autonomous forms either in their initial 
hosts or after serial passages in preconditioned 
animals. It was interesting to see whether the 
intracellular changes during the acquirement of 
hormone-independence result in the appearance of 
a new genotype. 

Seven male mice castrated at one month and receiv- 
ing cestrone in drinking water developed hormone- 
dependent pituitary tumours after an average time 
of 16 months. All tumours had the forty normal 
mouse chromosomes (t = 107). During the course 
of serial transplantation in preconditioned animals, 
pituitary tumours can become independent. Two 
such tumours, the At7’-20-Furth, and the TtT-3052- 
Furth, have been examined. The AT tumour had 
the normal forty chromosomes (t = 90). The TtT 
tumour had sixty-five chromosomes with three long 
metacentric markers (¢ = 60). Since both tumours 
had been serially transplanted after the transforma- 
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Number of tumour sites studied 


Normal Abnormal 
chromosorne | Cells | chromosome] Cells 
constitution | counted | constitution | counted 


441 — — 











Total 





20 





199 € 121 
d 
98 2 119 
187 2 80 
108 4 227 


tion to full autonomy, the implication of the abnormal 
constitution in the latter tumour, however, cannot be 
clarified. 

Mammary tumours induced by endocrine imbalance 
and supposedly virus-free represent a more favourable 
material for the elucidation of this question, since 
such tumours are in general hormone-imdependent in 
the original host when of macroscopic size. Eight 
out of nine independent tumours resulting from 
hormonal imbalance elicited in four different ways 
had the normal chromosome constitution (t = 322). 
Finally, normal chromosome sets prevailed in 
both phases of evolution in the endocrine tumours 
studied. Thus gross* chromosomal re-organization 
does not seam to be causally related ‘to the intra- 
cellular changes resulting in full autonomy. ‘The 
abnormal chromosome constitutions detected .are 
probably of secondary nature, since in general, 
hormones lack mutagenic activity‘. 

Chemically induced tumours. The chromosome 
constitution of neoplasms induced by six different 
chemical carcinogens has been analysed in detail. 
Four of the substances used are chemical mutagens 
(9:10 dimethyl-1:2 benzanthracene, ethyl . carb- 
amato, 20-methylcholanthrense, 3:4 benzpyrene), 
whereas the remaining two (2 acetylaminofluor- 
ene, 4-dimethylaminoazobenzene) lack mutagenic 
activity’. As can be seen from Table 3, no corre- 
lation between the mutagenic property of the 
inducing carcinogens and the chromosome constitu- 
tions of the resulting tumours wes found. In every 
case, however, when carcinogens were administered 
systemically or locally under similar conditions, the 
tumours that resulted from systemic administration 
(Table 3, Nos. 1, 2, 3) had fewer chromosomal abnor- 
malities than those resulting from local and prolonged 
administration (Table 3, No. 4, 5, 6), dless of the ` 
mutagenic property of the substances -used. Since 
almost all abnormal tumours also contained some 
tumour cels with the normal karyotype, it seems 
reasonable to assume that gross chromosomal 
reorganization is not essential. for acquiring neo- 
plastic properties in chemical carcinogenesis. The 
quantitative predominance of tumour cells’ with the 
normal chromosome complement in benign (Table 3, 
No. 2) and smaller malignant tumours (Table 8, No. 
8, 4) and of abnormal cells in larger malignant 
tumours (Table 3, No. 3, 4) demonstrates furthermore 
that the abnormal constitutions can only be of 
secondary nature. 
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Radsation-induced tumours. Karyotype studies in 
primary lymphoid tumours that developed in non- 
irradiated thymic implants residing in an irradiated 
environment and in thymus in situ as a consequence 
of direct whole-body irradiation have yielded con- 
tradictory results". In spite of this conflict, however, 
there seems to be agreement that the abnormal 
chromosome complements are of secondary impor- 
tance, since several well-documented features ‘of 
leukeemia-induction rule out the possibility that the 
neoplastic transformation results directly from the 
mutagenic effect of radiation’. 

The picture evolving from the analysis of primary 
tumours is still incomplete. It consists of outlines 
which must be filled in by further work. Nevertheless, 
the results reported are inconsistent with the chromo- 
some mutation theory of carcinogenesis. The marked 
predominance of normal chromosome complements 
and normal deoxyribonucleic acid values that were 
found in representative material from precancerous 
stages, benign tumours and in the majority of early 
cal ara ban tumours, both spontaneous!® and induced 
by viruses!’, hormone imbalance, chemicals, and 
radiation’, demonstrates that genetic variation at 
the chromosome-level need not necessarily precede 
the malignant change. In consequence it is reasonable 
to suggest that the abnormal chromosome patterns 
which characteristically ocour in the majority of well- 
advanced tumours are of secondary importance in the 
acquirement of malignant properties. Furthermore, 
since the chromosome changes may occur at any time 
after the malignant change, they are probably a 
separate event. They may not be caused directly 
by the tumour-inducing agenjs and there is also 
little correlation between the mutagenic and carcino- 
genio activity of: tumour-inducing agents. Once 
established, such new chromosome and hence genetic 
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constitutions may confer some advantages on the 
cancer cells for tumour progression. 

I am indebted to Drs. O. C. Broberger, T. Caspers- 
son, ©. D. Darlington, L dt, Ch. Friend, A. 
Grafh, L. Gross, R. J. C. Harris, G. Klein, P. C. Koller, 
B. Lagerlof, E. C. Miller, J. A. Miller, O. Mühlbook, 
Ch. Oberling, B. M. Richards, J. Schultz, R. E. 
Shope, M. Simonsen, 8. Sorof, 8. E. Stewart and B. 
Thorell, who encouraged me with their advice and 
interest and provided me wun animals and tumour 
material. 
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1859—1959 


By R. G. C. BATHURST 
Department of Geology, University of Liverpool 


N 1859, on December 13, nme amateur geologists 

founded im Liverpool a small society, limited to 
eighteen ‘ordinary’ members, “To investigate the 
structure of the Earth, the character of its past 
inhabitants, and the changes now in progress upon its 
surfaco”. Almost at once, local enthusiasm led to an 
abandonment of the limit on ordinary membership 
and by 1863‘this had reached fifty- eight. 

Upon the wider geological scene in 1859 had burst 
Darwin's “The Origin of Species”, with profoundly 
stimulating chapters on geology. In the same year, 
work in the Brixham caves and in Abbeville had 
shown beyond a doubt the association in undisturbed 
sediments of flint implements with extinct Mam- 
malia. All these matters were discussed in the 
young Liverpool Society. Nearer Liverpool, North 
Wales and- Merseyside had been mapped by the 
Geological Survey. Sorby, inspired by the work of 
William Nicol, had introduced the microscopical 
examination of thin sections as @ tool in geological 
research. 


Before 1859, the Liverpool geologists had read 
pepers to several local societies ; but that year, led 
by G. H. Morton, they founded their own. Other 
similar associations already existed: in Edinburgh 
(founded 1834), Yorkshire (Wakefield) and Manchester 
(1838), Glasgow and London—the Geologists’ Associa- 
tion—(1858). Others were to follow: Norwich 1864, 
Leeds 1873 and Hull 1888. The early Liverpool 
members, such a8 are recorded, included a solicitor, 
a baker, a cotton broker, a coal merchant, a cleric, 
three teachers, a museum assistant, two civil engin- 
eers, a customs officer, a medical practitioner, a 
building contractor and an analytical chemist—a 
range of occupations differing little from that of the 
present amateur membership. 

From 1860 meetings were held in the new Public 
Library, but, after 1864, in the Royal Institution, and 
in recent years in the Department of Geology in the 
University of Liverpool. From the outset the business 
at meetings consisted of papers, exhibits and discus- 
sion, nearly all flowing from the work of the members 
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themselves. The number of ordinary meetings a year 
has been about seven since the 1860's, and feld- 
meetings are still actively supported. 

Over the years that followed, members worked 
mainly on the local Trias, mcludimg the Storeton 
footprints of Chesrotherium, the local Quaternary, 
the Mersey estuary, changes in local topography and 
the water supply, “Field-work was also carried out in 
more distant areas, and a number of studies of thin 
sections had’ been made by the turn of the century. 

In the years before 1934, four men particularly 
influenced the progress of the Society, both as its 
officers and as geologistar George Highfield Morton, 
the founder and first honorary secretary (at the age of 
thirty-three), is remembered above all as the pioneer 
of Carboniferous Limestone stratigraphy in North 
Wales. His division of the Limestone into the Upper 
Grey, Middle White and Lower Brown is still used. 
Among earlier works is a detailed study of the Shelve 
district. He read sixty-one papers to the Society on a 
great variety of topics, and his clear microscopical 
descriptions of local sedimentary rocks were among 
the earliest attempted. His book, “The Geology of 
the Country around Liverpool”, was first published in 
1868. He was awarded the Lyell Medal of the 
Geological Society of London in 1892. 

Henry Charles Beasley worked mainly on the local 
Trias, especially the Storeton footprints. At his 
suggestion, in 1886, a unique collection of photo- 
graphs, now in the Society’s library, was begun of 
“interesting sections and phenomena which are hkely 
to be soon hidden from view”. Seventy years later 
the photographs of, then, obscure sedimentary struc- 
tures and of animal tracks in the Trias have proved of 
“great value in recent research. 

The work of Thomas Mellard Reade revealed a 
catholicity of interest and an insight which were to 
earn him the Murchison Medal of the Geological 
Society of London in 1896. Although his local work 
waa considerable, he is better known for his pioneer 
quantitative studies on the importance of solution 
as a factor in erosion, based on an analysis of the 
suspended load of the Mississippi and other large 
rivera, and his book “The Origin of Mountain Ranges” 
(1886). In this work Reade argued that the deforma- 
tion of the crust seen in mountain ranges could not 
be accounted for by the thermal contraction of the 
Earth and he developed a theory of differential heating 
of the erust. This local heating would cause the 
expansion sufficient to cause the observed difference. 
The subsequent discovery of radioactivity, and recent 
calculations on the rise of tamperature which would 
result from the accumulation of great thicknesses of 
sediment, make Mellard Reade’s theory much more 
plausible to-day than it seemed some years ago. 
Later, during the construction of the Mersey railway 
tunnel, the levels were lowered following his predic- 
tion, afterwards confirmed, of a buried channel 
under the Mersey. 

Joseph Lomas collaborated with Herdman as 
petrologist in the still valuable report “The Floor 
Deposits of the Irish Sea”. In 1886 he was appointed 
lecturer in the University College of Liverpool. In 
his study of glaciology he visited the Fardes and 
several times went to Switzerland. His visit to 
South Africa with the British Association led to a 
paper on the desert origin of the Trias. 

In 1915 the Society published a monograph, by 
T, H. Cope, “On the Igneous and Pyroclastio Rocks 
of the Berwyn Mills”. 
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From the beginning the Society has taken an active 
interest in the Liverpool City Museum, and has 
recently expressed its concern over the absence of a 
keeper of geology. The Society early pressed for a ` 
chair of geology in the University of Liverpool, 
which has received from the members some valuable 
geological collections. re 

During the mter-war years, after the appomtment 
of P. G. H. Boswell as the first professor.of geology ` 
in the University, the Society experienced a new 
surge of activity, though research was increasingly 
dominated by the profesgjonal geoldgist.. Prof. 
Boswell and his students contributed a series of 
papers to the Proceedings on the Silurian of North 
Wales, and Boswell laid before the Society his reports 
on the geology of the Mersey road tunnel. G. H. 
Mitchell and Howel Williams published work on 
Ordovician. volcanics and Alan Wood on the strati- 
graphy of the North Wales coalfield. Papers by E. 
Neaverson included a detailed study of the Carboni- 
ferous Limestone of North Wales. C. B. Travis was 
an active member, also editor, at this time. 

T. A. Jones was the most recent of the ‘outstanding 
amateurs. His detailed and extensive knowledge of 
local Quaternary and Triassic lithology enabled him 
to interpret many local borehole records. His 
outstanding single work, published just after the 
First World War, was a microscopical examination 
of the local Carboniferous Limestone. He demon- 
strated the important role of micro-organisms, 
especially Foraminifera, in its formation. 

The Society owes its survival through the Second 
World War pre-eminently to the efforts of T. A. Jones 
and E. Montag, with,D. Alan and W. Schofield as 
editors. 

In 1918, the Society established a Medal to be” 
awarded to any geologist for work bearing upon the 
interesta of the Society, an award to a member. for 
original work on the local geology, and a prize to go 
to a student in the University of Liverpool. 

Proceedings have been published since 1861, and 
by their exchange a large collection of foreign 
periodicals has been amassed. In recent years the 
financial survival of the Proceedings became difficult, 
in spite of help from the Royal Society during many 
years. To overcome this difficulty the Society joined 
with the Manchester Geological Association in 1951 
to found the Inverpool and Manchester Geological 
Journal, 

The new Journal differs somewhat from the 
Proceedings. In the first half-century, nearly three- 
quarters of the authors were members, and this high 
figure was maintained between the Wars; but since 
1951 fewer than half have been members. There is 
now therefore a tendency for papers to deal more 
often with material beyond the traditional Liverpool 
area. The papers are less frequently read at ordinary 
meetings, at which lectures are generally given 
instead by invited speakers, often from outside the 
district. The wider scope of the Society's work was 
marked in 1959 by the removal from the “Object 
of the Society” of a final clause, “with particular 
reference to Liverpool and the surrounding area’, 
which had been added in 1917. 

In the face of rising costs, the joint publication too 
has had a precarious existence. Following appeals to 
local industry, the Journal has been generously 
helped, especially by Imperial Chemical Industries, 
Ltd. Advertisement overseas has recently led to an 
encouraging increase in subscribers, a sign of the 
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growing strength òf the Journal during its first decade 
under the editorship, of J. C. Harper. 

The centenary of the Society was marked by a three- 
day meeting, during January 1-3, jointly with the 
eighth Inter-University Geological Congress, at 
which ten addresses were delivered on recent 
advances in geology to an audience of more than two 
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hundred. These addresses have been published in 
the centenary issue of the Journal. 
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: NEW FELLOWS OF THE ROYAL SOCIETY 


ATa meeting of the Royal Society on March 24, 
the following were elected to fellowship of the 
Society : 


Mr. A. M. BiN, reader in engineering in the 
University of Cambridge, distinguished for his 
contributions to engineering science, particularly in 
the field of hydraulics. 


Pror. R° Hanspury Brown, professor of radio 
astronomy in the University of Manchester, Jodrell 
Bank Experimental Station, distinguished for his 
many contributions to radio astronomy particularly 
on galactic and extra galactic radio emissions. 


Pror. D. Q. CHRISTOPHERSON, professor of applied 
science in the University of London, Imperial College 
of Science and Technology (Department of Mechanical 
Engineering), distinguished for his researches into 
the deformation and cutting of metals and for his 
work on explosive weapons. 


Pror. R. H. Daurrz, profefsor of physics in the 
- University of Chicago, Enrico Fermi Institute for 
. Nuclear .Studies, distinguished for his numerous 
. contributions to nuclear theory and the physics of 
elementary particles. 


Pror. J. N. Davipson, Gardiner professor of 
physiological chemistry in the University of Glasgow, 
distinguished for his work on the structure, distribu- 
tion and biosynthesis of ribose nucleic acid and 
deoxyribose nucleic acid. 


Pror. M. J. 8. Dewar, professor of chemistry in the 
University of Chicago, distinguished for his studies 
of chemical structure and for his contributions 
to the application of quantum theory to organic 
chemistry. 

Siz Stewart DUKE-ELDER, ophthalmic surgeon 
and director of research at the London University 
Institute of Ophthalmology, distinguished for his 
contributions to ophthalmic medicine, pathology and 
physiology. 

Dr. L. Esszn, deputy chief scientific officer at the 
National Physical Laboratory, Teddington, Middlesex, 

istinguished for his work on the precise measurement 
of frequency and of the velocity of light. 


Dr. D. G. Evans, director of the Medical Research 
Council Biological Standards Control Laboratory, 
London, distinguished for his investigations on the 
pathogenesis and prophylaxis of ansrobic wound 
infections and whooping cough, and for his work on 
biological standards. 


Mr. N. L. Fatoon, chief geologist of the British 
Petroleum Company, London, distinguished for his 
researches in tectonics and stratigraphy in connexion 
with the exploration for oil. 


Dz. P. A. Gorme, reader in experimental pathology 
in the University of London (Guy’s Hospita)] Medical _ 
School), distinguished for his work on the immuno- 
logical genetics of tissue transplantation. 


Pror. O. V. 8. Haars, professor of horticulture in 
the University of Reading, distingui for his work 
in plant physiology and in particular the mechanism 
of stomata. 


Dr. R. Honroyp, a deputy chairman of Imperial 
Chemical Industries Ltd., London, distinguished for 
his work on the chemistry and engineering of synthetic 
fuel production. 


Dez. H. E. Huxipy, member of external staff of the 
Medical Research Council, Department of Biophysics, 
University of London (University College), distin- 
guished for his work on the fine structure of muscle 
and on the mechanism of muscular contraction. 


Dr. J. C. KENDREW, deputy director of the Medical 
Research Council Unit for Molecular Biology, Caven” 
dish Laboratory, Cambridge, distingui for his 
work on the three-dimensional analysis of myoglobin 
by direct X-ray diffraction methods. 


Dr. J. A. Krronina, reader in zoology at the 
University of Bristol, distinguished for his contribu- 
tions to the physiology of protozoa and to marine 
ecology. 


De. D. K. C. MaoDonaxn, principal research 
officer, Division of Pure Physics, National Research 
Council of Canada, Ottawa, distinguished for his 
investigations on the thermal and electrical properties 
of metals with particular reference to the study of 
electron interactions. = 


Siz Guoras PIokERING, regius professor of medicine 
in the University of Oxford, distinguished for con- 
tributions to clinical science, in particular to our 
knowledge of the causes of high blood-pressure. 


Pror. G. PORTER, professor of physical chemistry 
in the University of Sheffield, distinguished for his 
work on flash photolysis and ita applications to the 
study of free radicals and chemical processes. 


Dr. K. F. Rota, reader in mathematics in the 
University of London (University College), distin- 
guished for his solutions of fundamental problems in 


Oe a of numbers. 
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F. T. R. SESHADRI, professor of chemistry in the 
University of Delhi, distinguished for his studies of 
the chemistry of naturally occurring compounds, 
particularly flavonoids. 


Pror. J. H. TAYLOR, professor of geology in the 
University of London (King’s College), distinguished 
for his researches into the geology of ore deposits, 
particularly the iron ores of the Midlands. 
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Dr. A. A. TOWNSEND, assistant director of research 


e inthe University of Cambridge, Cavendish Laboratory, 


distinguished for his experimental and analytical con- 
tributions to the theory of turbulent motion in fluids. 


Pror. R. L. WAIN, professor of agricultural chemis- 
try in the University of London (Wye College), 
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distinguished for his research in plant auxins and 
systemic herbicides. 


De. E. N. Writs, reader in histology in the 
University of Cambridge, distinguished for his work 
on cells, their growth and metamorphosis, and on 
colour vision. 


>. NEWS and VIEWS. 


Ministry of Aviation Appointment: 
Mr. D. G. A. Rendel 


Mr. Davin RENDEL has been promoted to deputy 
chief scientific officer and appointed head of the 
Mechanical i ing Department of the Royal 
Airoraft Establishment. He was educated at 
Downside School and New College, Oxford, where 
he took an honours degree in engineering science in 
1940. He joined the Royal Aircraft Establishment, 
Farnborough, in the summer of that year, and in 
1941 was given the task of organizing a laboratory 
to deal with hydraulic and pneumatic power services 
in aircraft. This was during the period when high- 
pressure hydraulic and pneumatic systems were being 
increasingly used in aircraft and power-operated 
controls were being developed. Mr. Rendel was 
responsible for studying a number of basic problems 
such as the effects of oil aeration on hydraulic con- 
trols, high-pressure air flow in small pipes, behaviour 
‘of irreversible machines, etc. In 1948 he was 
appointed technical assistant to the Director-General 
of Technical Development (Air), Ministry of Supply, 
and served in that post during the early stages of 
development of V bombers, the Hunter, the Javelin, 
the Brabazon, the Princess and Viscount; also at 
this time the Avon, Mamba, 
Dart and Sapphire engines 
were being developed and 
the first operational guided 
weapons were being de- 
signed, together with the 
more advanced naviga- 
tional aids which are now 

*just coming into service. 
During his last year with 
the Director-General he 
was responsible for the 
administration, of Ministry of Supply activities in the 
joint American, British, Canadian Air Force standard- 
ization scheme. 

On his return to Farnborough, in 1951, he served 
in the Mechanical Engineering Department, con- 
trolling work on aircraft pressure cabins, aircraft 
conditioning, aircrew equipment and escape and 
safoty, and was responsible for Farnborough’s con- 
tribution to the development of the modern oxygen 
breathing and pressure clothing equipment now used 
by Service aircrew. During this period he became 
interested in the subject of man-powered flight and 

is a member of the steering committee of the Royal 

Aeronautical Society group which interests itself in 

this subject. He was made a member of the Engin- 
eering Physics Sub-Committee of the Aeronautical 

Research Council and of the Instruments and Physics 

Sub-Committee of the Meteorological Research 

Committee. 


Issues of Nature are now being 
grouped into four volumes a year. 


This issue is the first number of 
Volume 186 





National Maritime Museum : 
Lieut.-Commander D. W. Waters 


Linor.-CommanpzEn D. W. Waters, R.N., has 
been appointed curator of navigation and astronomy 
in the National Maritime Museum, Greenwich, 
London, in succession to Commander O. Hill. Lieut.- 
Commander Waters is well known for his book, "The 
Art of Navigation in England in Elizabethan and 
Early Stuart Times”, which appeared in 1958, and 
is now the recognized authority on the subject. He 
served in the Fleet Air Arm and was taken prisoner 
by the Italians during a night torpedo attack in the 
Mediterranean in 1940. Since 1946 he has served at 
the Admiralty on the staff of the Historical Section, 
‘where he has been chiefly concerned with the history 
of problems connected with attack and defence of 
shipping. He is a Fellow of the Royal Historical 
Society and of the Institute of Navigation, and has 
written extensively on the history of navigation and 
maritime warfare.  * 

College of Advanced Technology, Birmingham : 
Mr. K. L. Stretch 


Mr. K. L. Sremrom has been appointed vice- 
principal of the College of Advanced Technology, 
Birmingham, as from June 
1. At present, Mr. Stretch 
is director of the Central 

j mg Establishment 
of the National Coal Board. 
He was educated at Mer- 
chant Taylor’s School, 
Crosby, and at King’s 
College, Cambridge, where 
he graduated in mathe- 
matics. After an engin- 
eering apprenticeship, 
broken by war service, with Mather and Platt and 

lence on the works and in design with Imperial 
Chemical Industries, he was works manager at the 
United Kingdom Atomic Energy Authority, Calder 
Hall, before taking up his present post in 1957. Mr. 
Stretch has undertaken research and development in 
fire and textile engineering, nuclear reactor charac- 
teristics and operation, tunnelling and non-destructive 
testing, and has written several articles on nuclear 
energy and fuel policy. 


Commonwealth Scientific and Industrial Research 
Organization : Executive Appointments 
Two new part-time members to the Executive of 

the Commonwealth Scientific and Research Organ- 

ization (Australia) are announced. The vacancies 
were created by a recent amendment to the Science 
and Industry Research Act, which increased the 
strength of the Executive from five members to nine. 
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The two members are Lord Casey, who recently 
resigned from Parliament on his elevation to the 
peerage, and Mr. E. P. 8. Roberts, a prominent 
Queensland grazier. Lord Casey’s association with 
C.8.1.R.0. dates back to 1937, when, he first became 
minister-in-charge of the Council for Scientific and 
Industrial Research. Mr. Roberts, who is aged forty- 
six, has been associated with C.8.I1.R.O. as a member 
of its Advisory Council since 1957. After the War, 
he purchased his own property at Toobeah, in 
Queensland, and became interested in the wider 
problems of the pastoral industries. His appointment 
will ensure that the point of view of the man on the 
land and the problems of northern Australia are 
kept constantly before the Executive. 


iron and Steel Institute: Awards 


Tae Council of the Iron and Steel Institute has 
announced the award of the following medals and 
prizes: Bessemer Gold Medal for 1960: Prof. Her- 
mann Schenck, director of the Institut für Eisen- 
hiittenwesen,e Rheinische-Westfdlische Technische 
Hochschule, Aachen, Germany, and president of the 
Verein deutscher Lisenhiittenleute; Sir Robert 
Hadfield Medal for 1960: Dr. J. O. Hudson, head of 
the Corrosion Section, Chemistry Department, British 
Tron and Steel Research Association; Andrew 
Carnegie Silver Medal for 1959: Dr. P. R. V. Evans, 
Research Department, Metropolitan-Vickers Electri- 
cal Co., Ltd., Manchester, for a paper on “The Effect 
of Rolling Unstable Austenitic 0:76% Carbon Steel 
at 220-300° ©.” (Journal, January 1959, p. 34); 
his co-author, Prof. Hugh O’Neill, was not eligible 
for an award; Wiliam Prize for 1959: Mr. I. M. D. 
Halliday, Research and Development Department, 
The United Steel Companies, Ltd., Rotherham, for a 
paper on “Continuous Casting at Barrow” (Journal, 
February 1959, p. 121). 

Mr. W. F. Cartwright, assistant managing director 
of the Steel Company of Wales, Ltd., since 1964, 
has been elected president of the Iron and Steel 
Institute for 1960-61. 


_ Cost of the Radio Telescope at Jodrell Bank 


In a written answer in the House of Commons on 
March 24, Sir David Eccles, as representing the 
Minister for Science, stated that there is nothing 
owing on the capital cost of the radio telescope at 
Jodrell Bank, and that the Government is not 
prepared to increase its contribution. The Govern- 
ment has already contributed substantially to the 
cost of upkeep of the telescope and any applications 
which might be made for further ta for research 
involving its use would continue to be dealt with 
on their merite by the Department of Scientific and 
Industrial Research. In oral replies Sir David said 
that the United States Government has already paid 
in full for work undertaken on its behalf with the 
radio telescope. Tr approval for the final 
£130,000 of the total grant of £360,000 towards the 
capitel cost of construction of the radio telescope 
was given on August 8, 1956, and payment to the 
University completed on March 17, 1958. Three 
further grants of £13,000 annually for 4 years, for 
running costs, £60,820 for development of new 
apperatus and techniques, and of £15,200 for galactic 
and extra-galactic neutral hydrogen emission studies 
and development of data- ing processes have 
been authorized. Sir David said he was not aware of 


any delay on the part of the Treasury in giving 
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approval or by the Department of Scientific and 
Industrial Research in making the payments to the 
University. There was a sum of £60,000 left to be 
collected by the University of Manchester towards the 
capital cost and, referring to an appeal to the Govern- 
ment to subscribe this final sum, Sir David said that 
Lord Hailsham considers that the Government’s 
contribution is sufficient and that it is well understood 
that the rest of the money will be raised by the 
University. 


City and Guilds of London Institute Fellowships 


Tue Fellowship of the City and Guilds of London 
Institute has been conferred upon the following past 
studenta in recognition of their contributions to 
industry or the professions in which they are engaged : 
J. J. Gracie (director and general manager of the 
G.E.C. Engineering Works at Witton, Birmingham) ; 
O. G. Hawes (consultant in hydrology and irrigation) ; 
T. M. Malkani (chief engineer of Calcutta Port Com- 
missioners); H. D. Morgan (senior partner of Sir 
William Halcrow and Partners); D. W. Morphy 
(joint managing director of Morphy-Richards, Ltd.) ; 
and A. W. Skempton (professor of civil engineering, 
City and Guilds College, Imperial College of Science 
and Technology). The Council of the City and Guilds 
of London Institute has also conferred the fellow- 
ship of the Institute, honoris causa, upon: Sir Willis 
Jackson (president of the Institution of Electrical 
Engineers, director of research and education, A.E.I. 
(Manchester), Ltd.) ; Prof. D. M. Newitt (pro-rector 
of the Imperial College of Science and Technology), 
head of the Department and Courtauld Professor of 
Chemical Engineering). 

Joint U.S.—Canadian Satellite Project 

Dusine April 1959, Dr. A. Hartley Zimmerman. 
chairman of the Canadian Defence Research Board, 
and Dr. T. Keith Glennan, administrator of the U.S. 
National Aeronautics and Space Administration, 
announced acceptance by the Administration of a 
proposal by the Defence Research Telecommunica- 
tions Establishment for a joint satellite experiment. 
Initially, it was proposed that the satellite will be 
constructed and instrumented by the Defence 
Research Telecommunications Establishment and 
launched late in 1961 at Vandenberg Air Force Base 
by means of a three-stage Thor—Delta rocket provided , 
by the Administration. The experiment will be 
designed to achieve two objectives. First, to examine 
and record information about the structure of upper 
levels of the ionosphere by using a-radio sounder 
above the ionized layers. Secondly,;.to provide 
information about the radio signals which emanate 
from outer space. The satellite will be launched in a 
near-polar orbit, and for protection during its 
acceleration through the dense atmosphere, it will be 
enclosed in a metal nosecap or shroud. On reaching 
orbit altitude of 700 miles, both the nosecap and the 
third-stage rocket will be separated from the satellite. 
The Defence Research Telecommunications Establish- 
ment will operate four receiving stations in Canada. 
It is hoped that the satellite will continue to transmit 
data for about a year following the launching. The 
information is to be exchanged freely with other 
nations through the Committee on Space Research of 
the International Council of Scientific Unions. 


Factories (lonizing Radlations) Special Regulations 


A REVISED draft code (Ministry of Labour. Fasc- 
tories Acts, 1937 and 1948. Factories—(Ionizing 


14 


Radiations)Special Regulations—Second Prelimim- 
ary Draft of Regulations. Pp. 20. (London: H.M. 
Stationery Office, 1960.) ls. 3d. net) for the protec- 
tion of workers engaged in operations involving the 
production, emission or use of ionizing radiations 
meludes amendments based on many suggestions 
received since the first draft code was issued in 
July 19657. The preface comments on the more 
important changes made to the earlier draft. The 
“Schedule of Permitted [Radiation Doses” has also 
been revised in the hight of the views of the Medical 
Research Council and of the latest recommendations 
of the International Commission on Radiological 
Protection. Presumably the regulations must be 
phrased ın language which meets legal requirements, 
but as they stand they will undoubtedly make difficult 
reading for factory officials and others who will be 
concerned in their implementation. It would be an 
enormous help to such readers if the regulations 
could, for example, be expressed with the clarity 
displayed ın the “Code of Practice” (1957), which was 
intended primarily for the protection of persons 
exposed to ionizing radiations in hospitals in the 
National Health Service. 

In view of the part played by the ‘competent 
person’ it is desirable that some definition of this 
term be given meluding the qualzfications required. 
A particular reason for this is that the new draft 
does not require tests for personal exposure or 
medical supervision of those persons who, although 
employed in the operations mentioned above, remain 
outside adequate shielding, and it is presumably the 
‘competent person’ who must establish whether or 
not the shielding is in fact adequate. The suggestion 
in 28 (1) that a worker, transferring his services 
elsewhere, should be given a copy of his own, record 
from the health register seems fraught with some 
difficulty, especially because by 27 (1) it includes 
results of medical examinations. Comments on the 
new draft are invited from “industry, associations 
and any others concerned”, to be sent to the Ministry 
of Labour by April 15. 


British Museum (Natural History): New Exhibits 


Tem pavilion beyond the Mammal Gallery in the 
Natural History Museum has been re-designed to 
show three groups of African game animals in their 
natural surroundings. The largest group is taken 
from the district north of Mount Kenya, with a giraffe 
family, a kudu and baboons coming to drink near the 
Guaso Nyiro river. The second group consists of an 
okapi and a bongo in a deep gorge ın the Ituri Forest. 
Opposite to this is a scene in Angola, with a giant sable 
antelope surveying the country from the top of a 
termite colony. A brindled gnu and a pair of impala 
antelopes have been feeding in the dense grass below. 
A large contour map of Africa dominates the pavilion 
and shows the three localities depicted. The equip- 
ment of the pavilion is the gift of the Rowland Ward 
Trustees, in memory of the late Rowland Ward. 
Messrs. Rowland Ward, Ltd., have set up the three 
groups and provided most of the mounted animals. 
The okapi was specially provided for the Museum by 
the Governor-General of the Belgian Congo and 
mounted by the exhibition staff of the Museum. 

A series of new cases lining the balcony on the 
east side of the Central Hall is devoted to exhibits 
illustrating the chief points in the functional mor- 
phology of mammals. Included are the skin and its 
derivatives, hair, spines, hoofs and glands; muscles, 
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and adaptation of the external form and skeleton to 
various kinds of locomotion such as running, jumping, 
flying, burrowing and swimming; brains and sense- 
organs; the digestive, circulatory and respiratory 
systems ; and an extensive series illustrating the 
structure, growth, adaptation of teeth to various types 
of food. ~ 


University Entrance In Great Britain 


UNDER the title “University Entrance-—-The Basic 
Facts”, the National Union of Teacher® has published 
a concise guide for those who contemplate entering a 
university (London: National Union of Teachers, 
1960. 88. 6d.). Information regarding the universities 
themselves, the courses they offer, the educational 
requirements for admission, accommodation, cost of 
study and residence, etc., is first presented. Next 
follows a clear outline of the grants and scholarships 
available in Great Britain and Northern Ireland, 
and some notes are given on the various university, 
matriculation and faculty requirements. A novel and 
valuable feature of the guide is the list ôf universities 
showing in tables the subjects that may be studied 
either as part of a course leading to a first degree, or 
as the main part of such a course in which a degree 
can be taken either in that subject alone or in com- 
bination with one or two other principal subjects. 
The guide is thus admirably designed both to assist 
the school-leavers to determine where to train and to 
realize where their qualifications may lead. The 
Union is to be congratulated on an excellent job of 
work. Copies are being sent free initially to every 
maintained secondary school which prepares pupils 
for courses leadi to university entrance, and 
additional copies are on sale to schools and members 
of the public. 


Science and Economics in the United States 


A survey “Current Projects on the Economic and 
other Impacts of Scientific Research and Develop- 
ment” was undertaken early in 1959 by the National 
Science Foundation of the United States, and an 
inventory of projects in colleges and universities 
has now been issued by the Foundation (Pp. v+59. 
National Science Foundation, Washington, D.C.: 
Government Printing Office, 1959. 25 centa). 
The 107 projects listed are classified in ten sections, 
comprising, for example, agriculture; expendi- 
ture for research and development; impact in 
selected industries; invention, innovations and 
patents; new sources of power and other case 
studies in scientific and technological developments ; 
and sociological and man-power studies of research 
and development and technology. There are an author 
index and an index of institutions. Simultaneously 
the Foundation has issued “A Bibliography on the 
Economic and Social Implications of Scientific 


Research and Development” (Pp. v+63. (National 
Science Foundation. n, D.C.: Govern- 
ment Printing Office, 1959. 25 cents). The 


entries are arranged under the following headings : 
general background ; nature, philosophy and history 
of science and technology; expenditure and man-power 
activities in research and development; associated 
institutional branches of science and technology, 
and public policy ; patents and innovation, adminis- 
tration and management of industrial research ; 
economic and social implications and analysis of 
research and development ; and other bibliographies. 
There are an euthor and periodical index. 
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Harkness Fellowships of the Commonwealth Fund 


THE British Committee of Award of the Common- 
wealth Fund announces the following elections, 
among others, to Harkness fellowships for 1960, 
tenable for one or two years in the United States : 
G. 8. G. Beveridge (Edmburgh to Minnesota), 
chemical “engineering; R. Y. Calne (Royal Free 
Hospital to Harvard), surgery; B. Coleby (Low 
Temperature Research Station, Cambridge to Univer- 
sity of Cahfornia), food research; B. J. Deverall 
(Imperial College of Science and Technology, 
London to Wisconsin)¢ plant pathology; J. E. 
Dove (Atomic Energy Research Establishment, 
Harwell to Harvard), physical chemistry; RK. Hall 
(Royal Victoria Infirmary, Newcastle upon Tyne, to 
Harvard), medicine; A. M. Howard (The Guardian 
to Columbia), journalism; M. Kogan (Ministry of 
Education to Harvard), teacher training ; D. Lynden- 
Bell (Cambridge to California Institute of Tech- 
nology), astronomy; D. H. Mellor (Cambridge to 
Minnesota), chemical engineering; K. J. Reid 
(Cambridge eto University of California), chemical 
engineering; I. C. Roddie (Belfast to Seattle), 
physiology ; A. C. Rose-Innes (Admiralty to Rutgers), 
electronics; J. R. Taylor (Cambridge to University 
of California), nuclear physics; C. T. C. Wall (Cam- 
bridge to Institute for Advanced Study, Princeton), 
mathematics. 


André Mayer Food and Agriculture Fellowships 


Tam Food and Agriculture Organization of the 
United Nations has announced that it will offer 10 
or 12 André Mayer fellowships during 1960. These 
awards, valued at 150-360 dollars a month depending 
on the country where they are used, will be made 
under the following two groups: research, for 
unusually promising persons with research experience 
behind them who would offer a guarantee for the 
carrying out of independent research work ; research 
training, for younger and promising individuals who 
have demonstrated an inclination towards and an 
aptitude for research work. Due consideration will 
be given to geographical distribution, to ensure that a 
proportion of the awards is given to candidates from 
countries where research facilities are not highly 
developed and the need for trained research workers is 
great. The subjects presented must be in relation to 
the Organization’s activities which comprise: land and 
water development, plant production and protection, 
animal production and health, rural institutions and 
services, fisheries, forestry and forest products, 
nutrition (non-medical), atomic energy in food and 
agriculture, agricultural economics (commodities, 
statistics, economic analysis). Further information 
can be obtained from the Secretariat of the Food and 
Agriculture Organization, National Committee for the 
United Kingdom, Ministry of Agriculture, Fisheries and 
Food, Whitehall Place (East Block), London, S.W.1. 


The Canada Council 


THE second annual report of the Canada Counoil, 
which covers the year ended March 31, 1959, again 
stresses both the Counoil’s difficulty in selecting 
recipients of grants and that a grant once made is 
not automatically renewable (pp. vi+112. Ottawa: 
The Canada Council, 1959). The report includes hats 
of scholarship awards made during the year and also 
special projects and grants-in-aid to individuals. 
During its two years the Council has made capital 
grants totalling 12,816,564 dollars to 31 different 


NATURE 16 


universities and colleges, including 1,632,600 dollars 
to the University of British Columbia, 1,377,141 
dollars to Queen’s University, Kingston, and 1,050,000 
dollars to the University of Western Ontario. Under 
the Scholarship and Fellowship Scheme, 571 awards 
were made totalling, including travel grants, 1,215,000 
dollars, and of these, 111 were in the arte, 236 in the 
humanities and 224 in the social sciences; and of 
the 79 senior fellowships, 23 were renewals from the 
previous year. Grants to organizations totalled 
1,148,379 dollars in the afts, 120,772 dollars in the 
humanities and 167,440 dollars in the social sciences, 
and 75,000 dollars was earmarked to assist Canadian 
universities in bringing eminent scholars to Canada 
for short periods and for interchange of scholars 
between. universities in Canada. 


The Industrial Training Council 


THE first report of the Industrial Training Council 
covers the period from July 1958 to December 1959 
(pp. 32. London: Industrial Training Council, 1960. 
1s.). The Council’s immediate task is to try to ensure 
that training arrangements in industry will be 
adequate to enable the best use to be made of the 
abilities of all the young people available for employ- 
ment in industry during the next few years. The 
proper training of its workpeople is the responsibility 
of each industry, and the Council sees its main 
function as the encouragement of the employers’ 
organizations and the trade unions in co-operation to 
take the necessary action. The Council is convinced 
that great scope exists for introducing systematic 
training in a wide range of industries to supplement 
traditional apprenticeship training of craftamen. Thee 
bulk of the report comprises a summary of the action 
taken by some sixty industries, which together 
employ nearly two-thirds of all worlkpeople, to deal 
with the ‘bulge’, and nineteen industries known to be 
still considering the Carr Report are listed. The 
Council has also asked all industries to make some 
quantitative assessment of their future training needs 
for all the young workpeople they expect to recruit 
for whom a planned scheme of training is desirable ; 
but although some industries have made such assess- 
ments, insufficient information is available to form 
any overall picture. The Council has accepted the 
Government’s offer of a grant-in-aid to promote the 


expansion of training for young people in the circum- e 


stances created by the ‘bulge’ and particularly to 
assist the appointment of training development 
officers, and the Council has approved assistance 
under this arrangement to the Cotton Board and the 
Booksellers’ Association and has agreed to a third 
grant to the Hotel and Catering Institute. The 
Council has also appointed its first two training 
advisers, and is now studying the information it has 
collected to decide what problems need more detailed 
consideration and what further information can use- 
fally be distributed. Five working committees have 
been set up for this task. 


National Museum of Wales 


Tum year 1958-59 at the National Museum of 
Walos marked the retirement of Dr. F. J. North from 
the post of keeper of geology after a total service of 
more than. forty-five years. The annual report quite 
properly pays high tribute to his services to the many 
tasks he undertook and the honours he received. 
Dr. North accepted the invitation of the Council to 
act for a while as a part-time special adviser to the 
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newly formed Department of Industry. In the 
Geology Department the emphasis of the year’s work 
was on the study and reserve collections; in the 
Botany Department an exhibit illustrating the 
mosses, liverworts and lichens has been installed ; in 
the Zoology Department several important alterations 
have been made in the gallery of vertebrates; and 
the modernization of the galleries has contmued in 
the Archeology Department. The Department of 
Industry appears for the first time in the annual 
report, and the generositY of many firms interested 
in this work is gratefully acknowledged. In the Art 
Department little radical © has been made in 
the display of the collections. At St. Fagans, Cile- 
went was opened to the public, who quickly appreci- 
ated the ideal siting of the house and the environs 
laid out to represent the contours and vegetation of 
the original place. 


European Bar'ey Tests 


THE ninth annual report of the Barley Committee 
of the European Barley Convention deals with trials 
carried out in 1958 in fifteen European countries. 
Unfortunately, the widespread bad weather con- 
ditions reduced the value of the trials results because 
of the small grain with high nitrogen content. The 
malting quality was consequently much impaired, 
and brewing tests were abandoned. Judged on 
malting quality, there were some interesting new 
varieties : thus, Beka, Union and Wise gave higher 
extracts than Proctor, which was the variety used as 
the standard for quality. Nevertheless, the general 
quality standard was so low that the report avoids a 

s detailed summary of the performance of each variety, 
although it does make special reference to the 
capacity of the three varieties mentioned above to 
produce high extracts in spite of the most unfavour- 
able growing conditions. Agriculturally, the im- 
portant result emerging from these trials was the 
higher yields from the new varieties compared with 
the standard Kenia, which, however, has been out- 
classed in yield for some years. 

These co-operative trials are interesting in giving 
some indication of the range of varietal adaptability, 
and it is claimed that much information is being 
accumulated on the influence of climate on the 
quality and yield of barley. A special research worker 

e has been appomted to analyse the data available on 
this måtter and to make suggestions for further 
investigations. This is an important development in 
the activities of the Barley Committee and might 
provide interestmg and valuable information on the 
requirements of different ecological conditions with 
respect to the most suitable types of barley for the 
highest expression of yield and malting quality. 


Research In Veterinary Science 


EvERYone who wishes well to the veterinarian, in 
whatever country he practises, or maintains the fine 
quality of research which this profession 1s nowadays 
producing, will welcome the first number of Research 
in Veterinary Science, which appeared in January 
this year (1, No. 1; January 1960. Pp. 93. Pub- 
lished quarterly. Annual subscription: 90s. post 
free. Single issues, 25s. Oxford: Blackwell Scientific 
Publications, Ltd., 1960). Inaugurated by the 
British Veterinary Association, this new journal has, 
as its executive editor, the editor of the Association’s 
well-known. weekly, the Veterinary Record, who has, 
to assist him, three distinguished scientific editors 
and also an editorial board composed of experts in 
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practically every field of veterinary science, many of 
whom have won, by the quality of their work, high 
distinction in the world of science. 

The aim of the journal, explained in a foreword by 
the president of the British Veterinary Association, 
is to fulfil Article 3 of the Association, which requires 
it to ensure ‘the promotion and advancement of 
veterinary and allied sciences” ; and those who have 
followed the progress of the veterinary profession in 
recent years will expect to see, in the articles pub- 
lished, not only the wide scope mentioned by the 
Association’s president, bute also that note of com- 
parative medicine and surgery which is nowadays a 
feature of veterinary science everywhere. Though 
diseases of anımals are by their very nature especially 
allied to the diseases of man, a fact which is expressed 
in the increasing and wholly admirable co-operation 
between, the veterinarian and the medical man, the 
veterinarian also needs, and energetically pursues, 
other branches of science as well, and the traming he 
nowadays receives must fit him well to co-operate 
also in research in these. This journal will therefore 
reflect in its pages research in many branches of 
science and it will, as its inaugurators desire, have an 
international appeal; for veterinarians in other 
countries as well as Great Britain are invited to con- 
tribute to it. One thing is certain—this journal will 
be essential to anyone who wishes to follow the rapid 
advances that veterinary science is nowadays making 
everywhere. 


Genetica! Research 


Wren the oldest British general genetical journal 
left the country with jts editor, only one such journal 
remained. This was doubly unfortunate. Not only 
was it a time when the pressure on space for 
publication was rapidly increasing in all fields, but 
it was also à time when the belated recognition by 
British universities that the Americans were right in 
recognizing genetics as an essential part of biology 
was beginning to have resulte. One journal of 
general genetics could not be enough for a country 
such as Britain, not only because of the bulk of 
publication to be expected, but also because of the 
desirability of having more than one editorial policy, 
however broad-minded that editorial policy might 
be. A new journal, Genetical Research, has now been 
launched to meet this need. Published by the Cam- 
bridge University Press, it is edited in Edinburgh 
by E. C. R. Reeve, with an editorial board, under the 
chairmanship of C. H. Waddington, who have a wide 
range of genetical experience. Three parts are to be 
published annually at 40s. each, the subscription 
being £5 a volume. The first number, of 172 pages, 
was published this February, and contains twelve 
papers ranging in content from micro-organism 
genetics to developmental genetics and the results 
of selection experiments. It includes a number of 
important papers among which should be noted 
especially Pritchard’s discussion of recombination, 
and Waddington’s experiments on canalizing selec- 
tion. The contents of this first number augur well 
for the future of a journal that was badly needed, 
and 18 most welcome. We wish it the long successful 
future that it clearly merits. 


Darwin’s Notebooks 

- In Darwin’s Journal the year 1837 contains an 
entry which runs, “In July opened first notebook on 
“Transmutation of Species’\—Had been greatly struck 
from about month of previous March on character of 
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5. American Fossils—and species on Galapagos 
Archipelago. These facts origin (especially latter) of 
all my views”. Sir Gavin de Beer has now transcribed 
the notebooks and the first of them dealing with the 
period July 1837—-February has been published in 
the historical series of the Bull. Brit. Mus. (Natural 
History) (2, No. 2). 

The four “Notebooks on Transmutation of Species” 
are the first implementation of the suggestion put 
forward by Darwin in his “Ornithological Notebook” 
referring to his visit to the Galapagos Islands in 
September and October 4835. The “First Notebook” 
represents the state of Darwin's opinion as it developed 
six months after his return to England, the results 
of consulting the hterature on the subject, and 
the first formulation of his conviction that the stability 
of species had been ‘undermined’. This “Notebook” 
is important in tracing the course of Darwin’s thoughts 
and the extent of his knowledge before his cognisance 
of Malthus’s work. 


Food Habits of Migratory Ducks 


Ix the autumns of 1988, 1939, and 1940, duck 
gizzards totalling 4,977 were collected from hunt- 
ing clubs and individual hunters at twenty-one 
sites along the Dlinois River between Ottawa and 
Florence and eleven sites along the Mississippi River 
between Rock Island and Quincy. The following 
seventeen duck species were represented : mallard, 
pintail, green-winged teal, blue-winged teal, baldpate, 
gadwall, shoveller, black duck, wood duck, lesser 
scaup, ring-necked duck, redhead, canvas-back, 
ruddy duck, greater scaup, common goldeneye, and 
oldsquaw (Illnois Nat. Hist. Suw. Bull., 27, Article 4; 
August 1959). Analyses of the gizzard contents were 
made by Harry G. Anderson and indicated that, dur- 
ing the autumn, most species of ducks in Llinois are 
predominantly vegetarians, that most of them feed 
principally on native wild plants, and that the lesser 
scaup is the only species with a diet predominantly 
animal. Maize made up half of the organic contents 
of mallard gizzards. Native wild foods were present mn 
relatively greater quantities in gizzards of the wood 
duck, pintail, redhead, baldpate, green-winged teal, 
and ring-necked duck, all of which included maize in 
their diets. 

The relative positions of the important food plants 
changed from year to year as accessibility and 
availability varied. The importance of a plant species 
to a species of duck depended on the size of the duck 
and the type of feeding habitat of the duck. The 
dabbling ducks fed primarily on emergent and moist- 
soil plants and the divmg ducks more frequently on 
submerged plants. Animal foods were more impor- 
tant to the diving ducks than to the dabbling ducks 
Snails and mussels provided the largest animal food 
volume and occurred in the largest number of giz- 
zards. Insects were second in volume and occurrence. 
Grit constituted about 11-28 per cent of the gross 
contents of the gizzards of various duck species. 
Most of the stones were less than 2 mm. in size; the 
sizes ranged from minute to 19 mm. in size. More 
than two hundred of the gizzards examined contained 
lead shot pellets. 


British Scientific Instrument Research Association 


Ar a recent meeting of the Optical Panel of the 
British Scientific Instrument Research Association, 
the members expressed the opinion that, with the 
advent of electronic computers, the conventional 
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optimization methods used for optical design had 
probably achieved their maximum efficiency, and 
that there was now a deep-felt need for re-thinking at 
the fundamental levels of the problem. The director 
endorsed this view, and suggested that what was 
required was a new approach to the mathematical 
statement of the problem, leading, if successful, to 
an operational calculus or algebra embracing the 
whole field of design of optical systems. To this end 
the Association is now proposing to appoint a 
mathematician of the highest calibre, who will be 
given an entirely free hand in this field, 


Announcements 


Rara E. MoBurney, former air vice-marshal in 
charge of Air Material Command, Ottawa, has been 
appointed head of the Technical Information Service 
of the Canadian National Research Council. The 
position at the National Research Council is made 
vacant by the retirement of F. G. Green, head of the 
section since 1950. 

Ir is announced that Prof. O. Salvetti has been 
appointed director of the International Atomic 
Energy Agency’s Division of Research and Labor- 
atories. Prof. Salvetti has been a consultant to the 
Agency, and will now be in charge of the Agency’s 
activities in the field of research and the laboratories 
now under construction at Seibersdorf. 

Miss H. M. Bruos, of the National Institute for 
Medical Research, London, has been awarded the 
Oliver Bird Prize for 1959 for a series of papers 
submitted under the general title of “An Exterocep- 
tive Block to Pregnancy’. The Prize is given by the, 
Oliver Bird Trust (secretary, Mrs. Clifford Smith, 
64 Sloane Street, London, 8.W.1). 

Dr. F. V. Wesster, of the Road Research Labora- 
tory, has been given the Wolfe Awuid for 1959. This 
is the second of ten annual awards of £500 to be 
made under the terms of a bequest, to a research 
worker of the Department of Scientific and Industrial 
Research who makes an outstanding contribution to 
the research work of the Department during the 
previous twelve months. Dr. Webster has been con- 
cerned mainly with the general settings of traffic 


signals, and has included the use of signals on high- 
speed roads and at traffic roundabouts. 


WE are informed that “Principles of Organic e 


Chemistry” by T. A. Geisaman, noticed in Nature of 
January 16, p. 131, is now available from the English 
branch of the publishers, W. H. Freeman and Co., 
Ltd., Hyde House, West Central Street, London, 
W.C.1, price 48s. 

THe British Leather Manufacturers Research 
Association, Milton Park, Egham, Surrey, will open ite 
laboratories to invited visitors during May 3-5; the 
annual lecture on the first day (heavy leather industry) 
will be given by Dr. K. W. Pepper, director of the 
Association ; that on the second day (light leather 
industry) by Mr. F. R. Morgan. 

Tue Società Italiana di Fisica is organizing an 
international school of physics during May 23- 
August 17 at Varenna in the Villa Monastero. It 
will consist of four courses: Ergodic Theories, May 
23-31; Nuclear Spectroscopy, June 20—Tuly 9; 
Physicomathematical Aspects of Biology, July 11-30 ; 
and Topics of Radio-frequency Spectroscopy, August 
1-17. Further information can be obtained from 
Prof. Piero Calderola, Istituto di Fisica dell'Universita 
Via Baldini, 50 Milano. 
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HOW MANY MORE NEW JOURNALS? 


T a recent meeting of the Scientific Publications 

Council held at the Ciba Foundation, London, 
problems arising from the rapid increase in the 
number of new scientifig journals were reviewed. 
Dr. D. J. Urquhart (Department of Scientific and 
Industrial Research Lending Library Unit) said that 
the number of journals teken by the Science Museum 
Library is increasing at the rate of about 700 a year, 
or nearly two new journalsa day. Present indications 
are that with the development of new research institu- 
tions in China, Japan and other countries, this number 
is likely to go up to 1,000 or more new journals a 
year. The reason for the increase is that more money 
is being spent on scientific research. The increase in 
the number of journals does not mean that scientists 
are reading more: inquiry has shown that few 
individual scientists read regularly more than three 
or four scientific journals, Most of the smaller 
libraries take 100—300 journals and the number taken 
by them has not greatly increased in recent years. 

Mr. T. H. Clare (director of Edward Arnold, Ltd.) 
said it was his personal experience as a publisher 
that new journals were often started without any 
expectation of an immediate financial return. A 
publisher might agree to start a new scientific journal 
mainly for reasons of prestige or because it might 
bring him into contact with the prospective authors of 
*profitable beoks. A journal is less seasonal than 
many other forms of publication and it provides a 
useful way of keeping the skilled compositors regu- 
larly occupied and so spreading the publisher's 
overheads. The capital outlay required for the pub- 
lication of a new journal is relatively small, and there 
is often a quick return. 

Dr. B. M. Crowther (Institution of Electrical 
Engineers, and editor of Physics Abstracts) said that 
the number of scientific publications is increasing by 
about 5-10 per cent a year. Scientific mformation 
has generally been like an iceberg—with more below 
the surface than appears on top: but recently we 
have seen an unfortunate tendency to bring everything 

*to the surface by publishing all the information 
available. Scientists have recognized the need for 
order in certain matters such as scientific nomencla- 
ture: there is now a need for general agreement in 
introducing more order into scientific publication. 
One thing calling for discipline is the habit of some 
‘workers of publishing the same material several times. 
The same work may appear first in a preliminary 
communication, then in various papers in national 
and international journsis and again, with minor 
modifications, 1n congress reports and symposium 
volumes. Many of the increasing number of confer- 
ence publications now appearing seem unnecessary : 
they contain little that is of permanent value and it 
might be better if they were not published. Con- 
ferences might be arranged for discussing recently 
published work, without the publication of further 
papers. Some of the smaller foreign universities 
start new journals apparently for the sole purpose of 
acquiring other journals by exchange, and many of 
these are practically valueless. If more work needs 
to be published, why not increase the size of some of 
the existing journals ? 


Dr. D. Richter (director of the Medical Research 
Council Neuropsychiatric Research Unit) said that 
while some publishers may play a passive part, there 
are others who are active in persuading scientists to 
start new journals. Some of the journals started in 
this way have proved succdssful; but with others 
the editors have found it hard to get sufficient good 
manuscripts to keep them going, so that standards 
have tended to fall. There should be sufficient 
journals to ensure the prompt publication of any 
worthwhile research : but not so many that there is 
reduplication and a lowering of standards. There is 
no means of enforcing any kind of control, but when 
the problem is more widely appreciated, public 
opimon may help to keep the number o! journals at 
a reasonable level. 

Dr. G. E. W. Wolstenholme (director of the Ciba 
Foundation) said that a major cause of reduplication is 
the insistence by university and other committees 
that those attending meetings should give a paper in 
order to get their expenses: but some of the more 
enlightened grant-giving bodies no longer insist on 
this. Temporary research grante also cause unneces- 
sary publication, since a research worker may feel 
he must publish a paper to ensure the renewal of his 


grant. 

Mr. A. V. 8. de Reuck (international relations secre- 
tariat, Royal Society$ blamed a tendency in some 
circles to judge a man by the quantity rather than the 
quality of the work he published. A higher standard of 
refereeing 18 needed to check reduplication and raise 
the general standard of publication. Prof. G. W. 
Harris (Postgraduate Medical Federation) asked what 
would be the result if scientists could be licensed and 
permitted to publish only one paper and one pre- 
a TER & year ? 

. Callow (National Institute for Medical 
Ro a that the abstractor often finds himself 
abstracting the same work two or three times; and 
much of the work coming from some countries is 
practically worthless. There is a need to return to 
scientific ethics in ensuring that a paper accepted for 
publication is really worth publishing. One cannot 
generalize about the value of conference reports : 
some of them provide an up-to-date summary of a 
subject which is extremely useful for those who wish 
to discover what is going on without the tremendous 
labour of looking up all the original papers. Dr. 
C. C. N. Vass (honorary editor International Abstracts 
of Biological Sciences) felt that we are reaching a stage 
where there is so much printed matter that nobody 
will read anything. He advised people always to 
take volume 1 of a new journal, for all the best papers 
were there. Often it was the only one worth buying, 
and in any event ıt would soon be unobtainable. 
Symposium and conference volumes present a special 
difficulty for the abstractor, since these may con- 
tain a mixture of reviews, original papers and 
preliminary reports which are very hard to disen- 
tangle. 

Mr. R. W. David (president of the Publishers’ 
Association) said the problem of too many journals 
falls into two There is first the problem of 
scientists writmg too much; and this can only be 
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solved by the scientists themselves. They must 
agree to resist the blandishments of the less scrupulous 
publishers, who cannot be controlled in any other way. 
It is natural that publishers should be keen to build 
up scientific lists, and they may not really be capable 
of judging quality. The other part of the problem is 
that even if the scientists agreed to exercise due 
restraint, there would still be, and increasingly so, 
more material than can be digested in its present form 
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by those for whom it 1s written. A revolution in the 
means of communicating scientific knowledge there- 
fore seems mevitable. This may take many different 
forms: microfilming to save library space, abstract- 
ing, and the compilation of bibliographies to guide 
the reader to the essential It would be 
helpful if scientists and publishers could get together 
to consider the directions in which these developments 
could most usefully be trained. D. RICHTER 


HUMAN GROWTH 


HE recently formed Society for the Study of 

Human Biology holds each year a symposium 
on some topic bearing on the evolution, ecology or 
genetics of man, and these annual events bid fam to 
become of very wide interest. This year the subject 
was “Human Growth,” and seven papers were given, 
under the ehairmanship of the Society’s president, 
Dr. A. C. Stevenson, and its vice-president, Prof. 
J. Z. Young. The Society’s programme secretary, 
Dr. G. Ainsworth Harrison, who planned the pro- 
gramme, deserves much praise for his skill in so 
successfully composing the various views of human 
growth into a synoptic whole. Some points that the 
speakers made are given below: the full account 
of the proceedings is to be published this summer 
(Pergamon Press). 

Prof. Adolph Schultz (Zurich) opened the proceed- 
ings with a paper on the comparison of changes during 
growth in man, apes and monkeys. He emphasized the 
great importance of such comparative growth studies, 
pointing out that phylogenetic change results primar- 
ily from a modification m the inherited plan of growth 
or development. Thus an understanding of the 
evolution of the specific characters of man was largely 
dependent upon knowledge of the ontogeny of these 
characters among primates. For example, the 
cranio-vertebral joint was situated farther forward in 
man than in any other primate or even any other 
mammal. But this became an exclusively human 
attribute only during postnatal life, for the foetuses 
of all simian primates, in contrast to prosimians and 
other mammals, were characterized by occipital 
joints situated far towards the mouth. Post-natally 
in apes and monkeys the joints were moved backward 
in position by differential skull growth ; but in man 
this happened to a lesser degree. 

In discussing prenatal growth Prof. Schultz showed 
how in monkeys and man the full-term foetal head 
fitted the birth canal precisely, whereas in apes the 
head was considerably smaller than the pelvic ring. 
Thus in contrast to the apes, neither monkey nor 
man could afford to go on growing longer tn utero. 
The reasons were probably different, however, for 
monkeys reached a higher degree of skeletal maturity 
at birth than apes, and presumably birth waited on 
this. Man, however, was even less skeletally mature 
at birth than apes, and in this case it was the great 
growth of the feetal head that was the limiting factor. 

These skeletal ossification data served well to show 
how evolution worked through alteration in the 
relative timing of patterns of growth, for the general 
sequence of appearance and fusion of ossification 
centres was similar in all primates ; it was the timing 
in relation to other events of growth that differed. 
Prof. Schultz left no doubt in the minds of his 


hearers that longitudinal growth-studies of sub- 
human primates were a high priority in the investiga- 
tion of human evolutionary change. 

Dr. Wilma Israelsohn (Institute of Child Health, 
University of London) described some of the modes 
of analysis of human growth data, taking many -of 
her illustrations from the data of the Harpenden 
Growth Study, which included a number of children 
measured by the same anthropometrist every six 
months over a period of eleven years. Dr. Israelsohn 
stressed the difference between such longitudinal 
studies and cross-sectional surveys, and emphasized 
how statistical methods appropriate to the survey 
type of data became hopelessly inefficient if applied 
unaltered to longitudinal records. She described 
some of the recent attempts to fit useful curves to 
longitudinal growth data, and said that at least two 
curves were needed to cover the period from birth to 
maturity. Up to adolescence the simple formulation, 
stature (for example) = a + bi +o log ¿t where t 
was age, gave surprisingly close fits to the data, and 
after the adolescent spurt of growth had begum the 
Gompertz curve, also with three parameters, fitted 
excellently. More complicated form changes involving 
not one but several measurements could be followed 
by the method of transformed co-ordinate grids. 

Dr. J. M. Tanner (Institute of Child Health, Univer- 
sity of London) discussed the genetics of human 
growth. Like Prof. Schultz, he stressed how species, 
and also individual differences in adult morphology, 
depended on genetically determined differential 
growth gradients during foetal and post-natal growth., 
He quoted data showing that the fundamental control 
of the rate of development in man was genetical ; 
thus the age of menarche, the first menstrual 
period, was probably determined in optimal environ- 
mental circumstances by many genes of small effect, 
hke stature. Mother-daughter and sister—sister 
correlations were about 0-4, and the average difference 
between identical twins in reaching menarche was 
about 2 months, compared to about a year in sisters. 
Skeletal maturity appeared to be similarly inherited, 
as did many of the more intricate details of the growth 
curves of body measurements. Dr. Tanner described 
three regional growth gradients as occurring in man, 
the well-known cephalocaudad one, a distal-proximal 
one in the limbs, and a second-to-fifth phalanx one 
in hand and foot. He ended with a brief account of 
his own and his colleagues’ recent work on the skeletal 
maturity of XXY and XO individuals which, he 
thought, showed that the retardation of development 
im the male as compared to the female, seen in all 
primates and perhaps all mammals, was due to genes 
on the Y chromosome, possibly closely related to those 
causing differentiation of the male gonad. 
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Dr. D. F. Roberts (Department of Human 
Anatomy, University of Oxford), discussed the effects 
of race and climate on growth, as exemplified in his 
studies of tribal African children. At all ages the 
African children had a lower weight for height than 
Europeans, and this, Dr. Roberts thought, could not 
by any means be ascribed simply to lack of nutrition. 
The degree of weight reduction and linearity of body 
build was closely associated with the mean annual 
temperature of the region studied and reached its 
maximum in the Nilotics.*° Whether climate exerted 
a direct effect upon growth, or whether the results 
came about through racial adaptation to habitat 
through selection, Dr. Roberts could not say. He 
stressed the need for more detailed investigations of 
the growth of children in tropical countries, and for 
the investigation of children exposed to varying 
climatic conditions during their growth period. 

Dr. Roy Acheson (Guy’s Hospital) described the 
effects of malnutrition and illness on growth. Though 
some of the social class differences in the height and 
weight of children and adults might be genetical in 
origin and due to social stratification and selective 
social migration, most were due to environmental 
causes. Studies in the Oxford Child Health Survey 
of the effect of adverse environment on height and 
skeletal maturity had convinced him that the former 
was more affected by illness than the latter, with the 
probable consequence that some degree of stunting 
of the adult would occur. The hormonal mechanisms 
by which this came about were obscure, and invited 
increased attention; they evidently involved the 
balance of secretions of growth hormone, adrenal 
ehormones, insulin and thyroid. 

Prof. T. MaKeown (Department of Social Medicine, 
University of Birmingham) discussed influences 
affecting human prenatal growth. It seemed that 
up to 27 weeks fcetal weight was independent of the 
number of foetuses in the uterus, but after that the 
growth-rate of twins fell below that of singletons. 
Growth began to be retarded when the weight of the 
footus or foetuses was about 7 1b., and in singletons 
from the thirty-sixth week to birth retardation 
clearly occurred. Whether this maternal effect 


HE Presidents review, reprinted from the 

Annual Report, 1958, of the Rockefeller Founda- 
tion. together with Dr. Warren Weaver’s report, “A 
Quarter Century in the Natural Sciences’, records 
appropriations by the Foundation during the year 
totalling 31,592,157 dollars, of which 6,274,205 
dollars were for agriculture, 6,201,225 dollars for 
biological and medical research, 4,239,160 dollars for 
medical education and public health, 4,300,160 
dollars for the social sciences, 3,620,682 dollars for 
the humanities, and 3,266,575 dollars for supporting 
services. The totel included funds for 278 Rocke- 
feller Foundation Fellowships in fifty-one countries 
for advanced study outside the recipient’s own 
country, and 301 other Fellows continued their work 
in 1958 through earlier awards. Dean Rusk’s general 
comments are appropriate to the increasing interest 
in economic and technical assistance to the under- 
developed countries. The expansion of such develop- 
ment programmes has compelled the Rockefeller 
Foundation to consider carefully where it can make 
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was due to local uterine factors or to systemic ones 
was not surely known, nor whether the degree of 
retardation suffered by the foetus had any effect in 
later life. Prof. McKeown thought that the retarda- 
tion period, that is the last four weeks before birth, 
was a period of considerable growth difficulty m man, 
and felt that increased attention should be paid to 
it, both prophylactically and therapeutically. 

Dr. A. W. Boyne (Rowett Research Institute, 
Aberdeen) discussed some aspects of the well-known 
secular trend to higher weight and height of children 
at all ages. He quoted French and Scandanavian 
data, as well as British, which left no doubt that an 
increase in final adult height had been occurring as 
well as an earlier achievement of adolescence and 
full stature. Some evidence pointed to this increase 
in adult stature having been greater in the lower 
socio-economic groups than in those who had always 
been. well fed and well housed. Dr. Boyne discussed 
the changes in 11-year-old intelligence quotient in 
some Scottish data, and in particular the increase 
of girls’ intelligence quotient relative to boys’ at 
this age. He suggested this might have the same 
explanation as a similar increase in sex difference in 
weight, which was certainly due to the earlier occur- 
rence of the adolescent spurt. ‘Though his 
premise demanded the existence of a growth spurt 
in intelligence quotient at adolescence, the consensus 
of opinion was against any such view. 

Each of the papers was followed by a lively discus- 
gion. These discussions ranged over the manner of 
man’s evolution by differential growth-rates of brain 
and other parts, the adaptation of different races to 
different habitats by gufferential patterns of growth, 
the occurrence of homeorrhesis in man and the 
greater stability of growth of the female under stress 
than that of the hemizygous male, and the relation of 
growth of the body to the development of mental skills. 

A. whole day’s meeting to discuss human growth 
would have been unthinkable in Britain even ten 
years ago, and the Society for the Study of Human 
Biology is much to be congratulated for furthering 
the development of this important subject. 

J. M. TANNER 


THE ROCKEFELLER FOUNDATION 


its best contribution, and Dean Rusk maintains that 
the Foundation’s own experience emphasizes the 
dependance of significant social and economie advance 
upon trained leadership and the severe limitation of 
large development programmes by the lack of quali- 
fied people. The need for professional competence 
is likely to be far greater than official development 
plans usually contemplated, and accordingly the 
Foundation’s most significant contribution is likely to 
be in the preparation of competent men and women 
for roles of leadership and, so fer as the under- 
developed countries are concerned, in the effective 
application of existmg knowledge to their practical 
st with an emphasis upon fundamental re- 


age oe Rusk points out that the 1958 awards bring 
the total of Foundation fellowships to 8,117, and 
that scholarships, training grants and other more 
directly administered training aids may be used 
where the more formal fellowships would not be 
appropriate. Grants are also made to permit other 
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organizations to award fellowships and training grants 
in their special field and to permit other agencies to 
award fellowships within the recipient’s own country. 
Travel grants totalling about 250 were made in 1958 
to permit visits highly relevant to the recipient’s 
plans and professional advancement; financial 
assistance was also given to key institutions, such as 
the Paulista School of Medicine in São Paulo, Brazil, 
which can assume roles of national and regional sig- 
nificance in developing leadership, as well as assist- 
ance to libraries, both in books and in the improve- 
ment of library techniques, and training within the 
Foundation’s own operating programmes in agri- 
culture and virus research. Among grants in 1958 in 
support of research highly relevant to development 
programmes, the President selects for mention those 
to Cornell University for research on crop yields, to 
Kyoto University for research on wheat, to the 
University of Alaska for studies of grasses and 
legumes, and to the National Research Council for 
research on foods rich in protein, while he emphasizes 
that the Foundation’s most direct contribution to 
inter-cultural understandmg takes the form of 
assistance to relevant university work in the human- 
ities and social sciences. He also stresses the Found- 
ation’s consistent policy of supporting pioneering 
work along the growing edges of knowledge and its 
general policy not to accept responsibility for physical 
plant. The Foundation also tends now to a policy of 
broad longer-term support of research projects, 
although it can do so in only a few selected cases, 
believing that this is a responsible adjustment 
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to current changes and the need for stabilization 
and that it leaves decisions about specific research 
to those most closely concerned. Although in 
the period 1953-58 just under 65 per cent of the 
Foundation’s expenditure or commitments of 637 
million dollars was for institutions, organizations, 
scientists and scholars in the United States, these 
funds have often strengthened American institutions 
from which it has drawn its own staff and in which 
its Fellows might be trained for increased respons- 
ibility. Finally, it ıs neted that the Foundation 
continues to draw upon its capital funds to the 
extent of 5 mullion dollara a year to do more in 
Latin America, Africa, the Middle East and Asia 
than would be possible within its annual income, in 
view of the crucial importance of these present years 
for the peoples of these areas. 

Dr. Weaver’s brilliant survey, which occupies some 
115 pages compared with the President’s 26, is in- 
tended to gave a general account of the state of scienti- 
fic advance in 1932 as a background to the explanation 
of the reasons which led the Foundation in 1933 to 


place major emphasis in its support of science on 


studies of living things. The of the Report is a. 
summary of the Foundation’s subsequent activities 
under its Programme in Experimental Biology—sa 
survey which covers advances in techniques and 
instruments as well as in our knowledge of the 
behaviour and structure of living things. Finally, 
glancing at the future, Dr. Weaver gives reasons for 
his belief that we are on the threshold of what should 
be a new era in biology. 


INTERNATIONAL CONTROL OF NARCOTIC DRUGS 


INCE the first international conference on the 

control of narcotics, which met in 1909 in Shang- 
hai, there has been universal recognition of the 
importance of preventing the abuse of narcotic drugs. 
Before the Second World War, the League of Nations 
undertook the necessary measures for international 
control of illicit traffic in opium, morphine and other 
drugs used by addicts. Through its Health Committee, 
the League also dealt with the medical problems 
involved in such control. When the League of 
Nations was dissolved its functions were conferred 
upon two international organizations: the policy- 
making and administrative functions were trans- 
ferred to the United Nations Organization and the 
specifically medical aspects came within the purview 
of the World Health Organization. 

The World Health Organization advises on the 
medical aspects of drug addiction and addiction- 
producing drugs. It is empowered to decide whether a 
newly discovered product is liable to produce ad. 
diction and should therefore be subject to inter- 
national control. The Organization takes sguch 
decisions on the advice of an Expert Commuttee on 
the Addiction-Producing Drugs, the activities of 
which include the examination of drugs suspected of 
having addiction-producing properties. Since ite 
inception, that is, during the past ten years, the 
Committee has examined 73 drugs and preparations, 
55 of which were found to represent a danger to 
public health. The proceedings of the Committes, 
accompanied by statemenis on special problems 
raised by drug addiction, have been published in nine 
reports. It also advises on products which, although 


not addiction-producing drugs, can readily be con- 
verted into them. The same Committee has also given 
definitions of ‘drug addiction’ and ‘drug habituation’, 

ing into account pharmacological, psychological 
and public health aspects. These definitions have 
found world-wide acceptance. Recently, the range of 
drugs which need continual survey has been increased 
by the inclusion of hypnotic and tranquillizing, as 
well as stimulating, agents, although these do not 
lead to addiction in the strict sense of the definition. 

The World Health Organization has also started to” 
take an active interest in the treatment of drug 
addicts. In 1956 a Study Group on the Treatment 
and Care of Drug Addicts examined the medical 
features of drug addiction caused by opium, opiates, 
morphine-like synthetic drugs and cannabis, and 
outlined general principles as well as recommending 
rational methods of treatment and rehabilitation. 

The chewing of coca leaves, which is so widespread 
in many parts of Latin America, and the increasing 
abuse of Cannabis are other important problems 
dealt with by the World Health Organizatien, which 
has decided that both habits represent a considerable 
danger to public health, and it has the form 
which international control of these types of addiction 
should take. 

The problem is complicated by the introduction of 
new therapeutic substances which may have addiction- 
producing properties and, above all, the continual 
discovery of new narcotics, mainly synthetic, which 
are submitted for international control every year. 
The World Health Organization follows developments 
very closely and, at the request of the Economic and 
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Social Council, has undertaken studies on the chemical 
structure. of synthetic substances with morphime-like 
effects, the relationship between their chemical 
~ structure and thoir analgesic action, and the relation- 
ship. between the latter and their lability to produce 
addiction. The Organization has studied the thera- 
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peutic properties and side effecta—especially the 
addiction-producing properties—of 30 drugs of prac- 
tical importance which have been put on the market 
as substitutes for morphine and codeine*™. 


* World Health Organization Chronicle, 18, No. 12 ; December 1959. 


MARRIAGE-RATE OF AMERICAN COLLEGE GRADUATES 


OLLEGE graduates in the United States are now 

marrying at a much earlier age than their parents. 
They are having children much sooner, havmg more 
children, spacing them much closer together, and 
seem to be following the general trend of the younger 
generation by completing their families earlier than 
their parenta. 

During 1946-1956, the College Study Group of the 
Population Reference Bureau, Inc., reported that the 
fertility of the younger college graduates was higher 
than that of the graduates of a generation ago 
(Population Bulletin, Vol. 15, No. 6: Fertility of 
College Graduates, Pp. 101-116 (Washington, D.C. : 
Population Reference Bureau, Inc., 1959.) 50 cents). 
Additional results, gathered in 1955, have made it 
possible to measure the degree of these marriage and 
fertility differences in two college classes, those 
graduating in 1930 and in 1945. The average age at 
first marriage in 1955 in the United States was 23 for 
men and 20 for women. For the graduate class of 1945, 
the average age at marriage was 24 years for both sexes 
and it was 25 years for both sexes for the class of 
1930. Ten years after graduation, fewer of the younger 
graduates remained single: 13 per cent of the men 
and 10 per cent of the women among the younger 
graduates, compared with 20 per cent of the men and 
27 per cent of the women among the older graduates. 


The proportion not married ten years after gradu- 
ation continued to be higher among graduates of 
Roman Catholic colleges: 20 per cent of the men 
and 23 per cent of the women in the class of 1945, 
compared with 38 per cent of the men and 43 per cent 
of the women in the class of 1930. 

When the survey was taken in 1955, the 10-year 
women graduates of the class of 1945 who were about 
mid-way through their family-building years already 
had a greater average number of childrtn than the 
25-year women of the class of 1930, who had reached 
the end of the reproductive span. The men of both 
classes were parents of still more children than the 
women in both groups. Although the younger 
graduates had babies at a faster rate than the older 
graduates, their contribution to the post-war rise in 
the birth-rate was not as great as either high school 
or grade school graduates. The differential birth- 
rate which has concerned eugenicists and others still 
persists. The 10-year women college graduates did 
not reach their fertility peak until 1952. Once they 
started having babied, they continued to have them 
over a longer period of time than other women of their 
age. These results confirm the belief that a great 
change in attitudes towards marriage and family has 
occurred in the United States, even among college 
graduates. 


PLANT POPULATION AND CROP YIELD 


By R. HOLLIDAY 
. Department of Agriculture, University of Leeds 


RAPHICAL examination of the relation between 
crop yield and the number of plants per unit 
area, suggests that two distinct types of curve may 
be obtained. One, typified by work by Engledow! 
and Hudson? on grain yield in wheat, is approx- 
imately parabolic in shape. With this type of 
curve a certain plant population gives a maximum 
yield, while greater or less populations give lower 
yields. Other workers have obtained similar curves 
in the case of seed, fruit or influorescence yield 
with other cereals, maize, sorghum, soya beans, 
peas, tomatoes, hops and both seed and lint yield 
in cotton. 

Work at Leeds with wheat has given, in the case 
of straw yield, an increasing yield relation to a 
maximum but with no sign of yield decrease beyond 
this maximum up to populations established from 
4 owt. of seed per acre. This relation is referred to 
below as an asymptotic curve. In contrast, the yield 
of grain in most years showed a maximum at or 
about populations established from 1 cwt. of seed 


per acre. A similar contrast in dry matter yield- 
plant population curves was obtained with pure 
sowings of perennial ryegrass?.*. In the seeding year, 
with yield resulting from vegetative growth, the 
curve was asymptotic up to populations estab- 
lished from 160 1b. /acre ; in the following year, where 
yield was a product of reproductive as well as 
vegetative growth, the curve showed a maximum at 
or about populations established from 20 Ib. of seed 
per acre. Donald’ in Australia obtained the same 
kind of contrast with Wimmera ryegrass and sub- 
terranean clover; the seed—yield curve showed a 
maximum, while the vegetative yield was asymptotic 
up to populations of 180 x 10* plants per acre in the 
case of ryegrass experiments. 

Although the range of populations covered are 
sometimes rather limited, references in the literature 
would suggest that sugar beet, kale, mangolds, fodder 
beet, tea and timber yields, all of which are products 
of vegetative growth, show an asymptotic type of 
yield—plant population relation. 
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Table i 
cet rato [pps a at, naa | Bare | BPG 
Ta p on A per 0 
ib.jacie karret (000s NE laos (tons x 10*] per plant 
/acre(z)) (Ya)) (Yp)) (1/ Yp) 
1951 2 74 0-274 8 60 0-278 
4 198 0 650 2°78 0-860 
8 340 0-729 214 0-467 
16 460 0 858 1 82 0-650 
82 918 0-950 1-80 0-770 
64 1,530 0:967 0 83 1 590 
L.8,D 178 0 118 — — 
1952 2 e 174 o-i 1-58 0641 
204 0104 1-18 0-847 
734 0-877 0 81 1:248 
18 1,873 0-485 0°49 2-065 
32 1,978 0 692 0°40 2 530 
8,166 0-586 0 25 4 -090 
L8.D 218 0:112 — — 
1053 2 160 1-14 7-02 0'149 
338 1:35 4-01 0:268 
18 631 1 87 2°69 0-893 
54 1,318 1°81 1-48 0-744 
L.8.D 186 0-202 — — 
1954 2 207 1°60 7 61 0-186 
6 408 1:69 4°39 0 266 
18 | . sll 1 -63 2-11 0 514 
54 1,871 1:78 1-11 1 005 
L.8.D 126 N.S. — care 


Several years of work have been carried out at 
Leeds on the rape crop with populations up to 
3 x 10* plants per acre, with marrow-stemmed and 
thousand-head kale up to 0-5 x 10* plants per acre 
and with potatoes up to 3-2 x 10* plants per acre. 
With each of these crops the dry matter yield has 
shown an asymptotic relation to populations. In the 
case of potatoes, this has applied to both top growth 
and total yield of tuber expressed on either a fresh 
or dry matter yield basia. Thé yield of ware-sized 
tubers, however, gave a curve with an observable 
maximum in it. 

The evidence given above suggests that the para- 
bolic type yield~plant population relation is typical 
where yield is some product of reproductive growth, 
while the asymptotic one is more characteristic where 
yield is a product of vegetative growth. Attempts 
have been made to analyse the form of the latter 
type of curve using the four crops mentioned above. 
Data from four-year experiments with the rape crop 
(Essex Giant rape) is given in Table 1. In 1951 and 
1952 the crop was sown in late July and harvested in 
October as a ‘catch’ crop. In 1953 and 1954 it was 
treated as a full season crop, being sown in April and 
harvested in October. In the last two years three 





0 0-5 1-6 15 20 2-5 30 &-5 


Plant population: x 10" per acre 


Fig. 1. Varlation of 1/Yp with plant population (Essex Giant rape). 
O, 10961; ©, 1952; A,1958: im, 1954 
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levels of nitrogenous fertilizer were included as a 
treatment factor, but as there was no significant 
interaction between the two factors, the figures 
given in Table 1 are the main effects ofthe population. 
treatment. It should be mentioned that in each of 
the years covered by these experiments soil moisture 
was not severely limiting, and the same can be said 
of Donald’s work in Australia. 

As yield per unit area (Ya) is a product of the 
number of plants per unit area (x) and the yield per 
plant (Yp), an examinaéion of Ya starts logically 
with a study of Yp. The size of Yp decreases at a 

iminishing rate with increasing number of plants 
per unit area. Fig. 1 shows that Yp decreases in such 
& way that its reciprocal (1/¥p) forms a linear relation 
to plant population (Œ). Studies with potatoes, 
marrow-stemmed and thousand-head kale have shown 
the same feature : 


Thus: 
parr 
1 
] 
where 230; p=- 


a 


Yp at »=0 represents a theoretical situation 
where there is a complete absence of competition for 
environmental resources. Thus Yp should be at its 
maximum possible value. Let this ‘apparent’ 
maximum yield of Yp be represented by A and sub- 
stitute this value for l/a in equation (1), that is: 

1 
Yp =A X F aoe (3) 

As yield per unit area is the product of yield per 

plant and the number of plants: 


J 
Yo = Ypxx = At x TI Abr (3) 
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Equation (3) describes the form of the asymptotic 
yield—plant population curve. In it the value A has 
been termed the ‘apparent’ maximum yield attain- 
able by the isolated individual plant in the particular 
environment, because it was obtained by extra- 
polating the 1/Yp regression line to the ordinate. As 
such, A will be greater than the true maximum yield 
A’, The latter will apply up to some plant population 
n, at which plant competition for environment 
resources just commences, The reduction of yield 
per plant will thus operate over the remaining plant 
population m = (x — n) (Fig. 2). The response curve 
formula may now be re-stated ın terms of the true 
maximum yield per plant A’: 

1 
Ya = (A'n + A'm) Ts. 26m (4) 
or 
1 
1 + Abm 

Equation (4) is fundamentally more satisfactory 
than equation (3). Since n and m are terms which 
would change with increases in the size of A’ through 
the growing season and hence will be difficult to 
determine experimentally, equation (3) will probably 
be of greater utility. This will also mean that the 
change of slope in the Yp or 1/Yp curve in Fig. 2 
will be more gradual than is shown. It can be shown, 
however, that : 


Ya = A'r. 


NATURE 


April 2, 1960 vo. 186 


A — A’ 


~a  =b(z— m) =bn 


(5) 

Thus, n may be determined if in any plant 
population experiment a treatment is included where 
plants are grown completely free from competition 
so that A’ may be determined experimentally. 

The value 1/(1 + Abz) in the simpler or 1/{1+ A’bm) 
in the more complex equation may be appropriately 
termed the ‘competition function’, since ıt shows the 
way in which Yp decreases with increasing com- 
petition for the finite environment resources available 
per unit area. 

It is considered that the equations established 
above will have several uses in agronomic work. 
Inter-plant competition within & growing crop repre- 
sents a relatively simple ecological situation. The 
treatment given above may, nevertheless, represent 
& first stage towards studying more complex situa- 
tions where two or more species are in competition 
for environment resources. 

Acknowledgment is made to Dr. B? L. Welch, 
reader in statistics, University of Leeds, for help and 
advice in the latter part of this article. 


1 Engiedow, F. L., J. Agric. Sci, 18, 1 (1928). 

"Hudson, H. G., J. Agric. Soi., 81 (1941). 

* Holliday, R., Agric. Progress, 27, Pt. 2 (1958). 
‘Thompson, W., thesis for M.8c. degree, Leeds (1956). 

t Donald, O. M., Aust. J. Agric. Res., 2 (1951); 5 (1954). 


; THE RESPIRATORY DEAD SPACE OF THE GIRAFFE 
By Pror. EUGENE D. ROBIN*, Dr. JOSEPH M. CORSON and 
Pror. GUSTAVE J. DAMMIN 


Departments of Medicine and Pathology, Harvard Medical School, and the Medical Clinics and 
Department of Pathology of the Peter Bent Brigham Hospital, Boston, Massachusetts 


~HE physiologist has always been fascinated by 
- the problems inherent in the regulation of cir- 
ewl&tion and respiration of the giraffe, in which the 
brain and thorax are so widely separated. 
One area of interest to physiologists is the respir- 
atory dead space. The respiratory dead space is 
“composed of all portions of the respiratory tract 
which are ventilated but do not participate in gas 
exchange with pulmonary capillary blood. For 
obvious anatomical reasons, the giraffe is required 
to ventilate a relatively large dead space. The prob- 
lem of a large dead space is not unique to the giraffe. 
Human subjecte with severe obstructive emphysema 
likewise have the problem of ventilating a large 
respiratory dead space. Unlike the giraffe, the 
increased dead space of emphysema is not a single 
anatomical entity. Rather, 1t consists of those 
portions of the lung which are relatively poorly 
perfused with blood for the amount of ventilation 
they receive. 
Recently, the formalin-fixed trachea and lungs of 
a giraffe became available to us for study. It seemed 
of interest to make pertinent measurements of the 
volume of these organs to gain some insight into the 
mechanisms by which the giraffe solves the problem 
of a large respiratory dead space. Comparisons could 
be made with simular measurements in normal humans 
and patients with emphysema. 


* Present address: University of Pittsburgh Medical School, 
Department of Medicine, Pittsburgh 18, Penne. 


(a) Case-history (H+ Hat). The subject was a post- 
partum giraffe, gravida l, para I, which, until death, 
had lived at the Royal Oak Zoo. She had given 
birth to a giraffe, but shortly after birth the youngster 
died. Following the death of her calf, the subject 
became depressed and anorectic. Three weeks after 
the calf’s death the subject died. (The general con- 
sensus of opinion was that Hi Hat died of a broken 
heart; gross and microscopic examination failed to 
confirm this.) 

(b) Dead space volume. Tho tracheal volume of the 
giraffe was estimated by assuming the trachea was a 
cylinder. The total length and the mean radius were 
obtained by direct measurements. The volume was 
calculated by means of the standard formula for the 
volume of a cylinder, namely, V = rr*l, where V is 
tracheal volume in ml., r is mean radius in cm., and 
l is length in cm. 

Because the total anatomical dead space includes 
not only the trachea but also the pharynx, bronchi 
and bronchioles, the volume obtained in this manner 
undoubtedly under-estimates the true respiratory 
dead space of the giraffe. However, the major com- 
ponent of giraffe dead space is made up of trachea, 
and this volume may be accepted as an approximation 
to the actual volume of dead space. 

(c) Total lung capacity. The total lung capacity 
was estimated as follows. The specific gravity of 
lung tissue throughout the mammalian kingdom 
appears to be essentially the same. For this reagon, 
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Table 1. A COMPARISON OF DEAD SPACE VOLUMES; LUNG WEIGHTS; 

TOTAL LUNG CAPACITIES; AND THE RATIO OF DEAD Space/TOTAL 

LUNG CAPACITY IN A GIRAFFE, A Cow, A NORMAL HUMAN, AND A 
: PATIENT WITH OBSTRUCTIVE EMPHYSEMA 
































Formalin- Ratio of 
Dead fixed Total dead 
apace weight lung space io 
vol. mi. oflung | capacity | total lung 
BTPS (gm.) L. capacity 
Giraffe 1,600* 6,260 
Cow 380t 2,760 
Normal adult 
human 175 800 
Patient with ® 
obstructive 







emphysema 350} 





* Tracheal dead space only. 

cnr under-estimate of total dead space since this figure does 
not include pharyngeal dead space. 

t Physiological and not anatomical dead space. 


a ratio of lung weights is therefore equal to a ratio 
of lung volumes (assuming no major differences in 
the elastic properties of the lung). 

Adult human lungs were obtained at post-mortem 
examination. They were fixed in formalin and then 
weighed. The ratio of the weight of formalin-fixed 
giraffe lung to the weight of formalin-fixed normal 
human lung was then obtained. Six litres is an 
acceptable value of total lung capacity in the normal 
adult human. By the use of a simple formula, the 
total lung capacity of the giraffe could be estimated : 


Weight of giraffe lung 


Total lung capacity rS 
~ Weight of human lung 


of giraffe (litres) x 6 
E 

(d) Subjects for comparison. *Because of the greater 
mass of the giraffe as compared with man, it is 
difficult to make direct comparisons of the relative 
magnitude of dead space to total lung capacity in 
the two species. For this reason, it seemed important 
to make similar measurements on the trachea and 
total lung capacity of the cow. (From the point of 
view of comparative physiology, a cow may be 
regarded as a giraffe with a short neck.) The trachea 
and lungs of a cow were obtained and processed in 
the same manner that the organs of the giraffe had 
been. 

Values were obtained from a normal human male 
at post-mortem; and by direct measurement using 
standard methods? in a patient with severe obstruc- 
tive emphysema. 

(e) Gross and histological studies. Gross examina- 
tion dissection were carried out in the usual 
fashion. Sections were taken from the hilar area and 
peripheral portions of each lobe. These sections were 
stained with hematoxylin and eosin, and with the 
Verhoeff—-Van Gieson elastic tissue stain. 

The results relevant to dead space volume, lung 
weights and total lung capacity are shown in Table 1. 
The volume of the dead space in the giraffe is 1,600 ml. 
This value is approximately nine times greater than 
the corresponding figure in normal man and approx- 
imately 4-5 times greater than the corresponding 
figure in the subject with obstructive emphysema. 

The large dead space in the giraffe is balanced to 
some extent by the increase in total lung capacity, 
which is approximately eight times as large as the 
corresponding figure in normal man. The large total 
lung capacity of the giraffe does not appear to be 
simply a function of the size of the giraffe, since the 
total lung capacity of the giraffe is more than twice 
that of the cow, an animal which is roughly com- 
parable in its size and organization. 
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ross examination of the lungs of the giraffe in 
this study revealed no significant parenchymal, bron- 
chial or vascular lesions. Microscopically, the alveolar 
structure of giraffe lung resembled that seen in normal 
human lung, except that the alveolar walls were 
thicker and the elastic fibres coarser. There were 
small foci of fibrosis, some with infiltration of mono- 
nuclear cells. Some of the bronchioles contained 
clusters of mononuclear cells, suggesting a recent 
inflammatory process. There was no obliteration of 
pulmonary vascular bed, nor was there obvious 
alteration in the individual pulmonary vessels. As 
compared with normal human lung, elastic tissue 
seemed to be increased in amount. This increase was 
most conspicuous in the pleura and in the submucosa 
of bronchi (see Figs. la and 1b). In the pleura, the 
elastic fibres were closely intermeshed in a thick, 
carpet-like fashion. For comparison, the microscopic 
appearance of lung from a patient dying with 
advanced obstructive emphysema is shown in Fig. 2 
(PBBH A56-232). The pattern of elastic fibres here 
shows less density than that seen in the pleura of 
the normal human lung, in addition to a reduction of 
elastic fibres in the alveolar walls. 

The giraffe apparently uses at least two mechanisms 
for the maintenance of adequate alveolar ventilation. 
One mechanism relates to the rate of ventilation. 
Observations of giraffes while standing quietly reveal 
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Fig. 1a. Giraffe lung with pleura and adjacent alveoli. The upper 
dense meshwork 





Fig. 1b. Giraffe lung. Bronchus with abundance of elastic fibres 
in the submucosa and deeper in the wall (elastic fibre stain; x 65) 
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= Fig. 2.9 Human lung with hysema. magnification is 


Note 
a. pleura, at top of feld, has elastic fibres 
in an attenuated pattern, and the adjacent alveolus is abnormally 
dilated (clastic tissue stain; x 230) 


that the average respiratory rate is 8-10 breaths 
-~ per min. ynal and unpublished observation of 
E. D. R. made at the Bronx Zoo). For a given 
minute-volume, a slow respiratory- tends to 
increase alveolar tilation, since it reduces the 
i min. the dead space 
Ea E rn cain TO roud soken 
large lung capacity of this animal. w seom 
ai its mass, the total lung capacity 
of the giraffe is dispro rtionately large. In these 
circumstances, the tion of a large dead space 
could easily be attained. 


However, it should be emphasized that a large 
total ity is not, by itself, adequate to 
sure an effective volume of ventilation. The 
with Sieicactive elibhyscus may have an 
and still suffer from 
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reased total lung capacity 
severe pulmonary insufficiency. The increase in total 
Tung capacity in emphysema is chiefly brought about 


idual volume of the lung. 
This increase cannot be ey to provide additional 
ventilation as needed. The increase in otal lung 
capacity of the giraffe is presumably crease in 
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W* have measured the proton ion 
: effects in a series of dimethyl polymers 
{(CH,),SiO[(CH,):SiO}Si(CH,),} of various mole- 
cular weights, and these results will be discussed in 
greater detail elsewhere’. We f sul 
are of sufficient interest to justify a brief preliminary 
report, and we shall refer mainly to the measurements 
one polymer, à siliconi grease (Midland Silicones, 
S 200, viscosity 10* centistokes at 25° C., n ~ 2,200). 
We have measured the longitudinal and transverse 
decay of proton magr etization by transient methods* 
using equipment ibed elsewhere’. The resonant 
_ frequency, vy, was 21 1:5 Me./s. The longitudinal decay 
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expiratory capacity, and thus can 


inspiratory and 
additional volumes of ventilation as 


serve to supply 
needed 


This fact may be documented in another way. For 
the purpose of adequate ventilation, the lung volumes 
must not only be adequate in unt, but also 
the lung tissue must be functionally d structurally 
sound. The histological appearance of giraffe lung as 
shown in Fig. la shows an apparently normal, but 
by comparison with man, & very thick pleura with 
an abundance of heavy elastic fibres. Fig. lb shows 
not only a heavy meshworkeof elastic fibres in the 
deeper portion of the cogil wall, but also a 
similar abundance of elastic fibres in the submucosa. 
Such a lung would seem to be admirably suited for 
the extra work that might be required to ventilate a 
large dead space. , In the emphysematous patient 
(see Fig. 2), “elastic fibre pattern is attenuated 
and lacking in continuity. : 

The adeguata size of the giraffe 
illustrated by idering the 
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may also be 
io be total 
o- species. 
m that the 
4 litres/breath. 
volume of app! 
ne giraffes use & | 
one-twelfth of their total capaci 
conditions for the maintenance was ventila- 
tion. á i 
We are grateful to the Director of the Royal Oak 
Zoo, Royal Oak, Michigan, for the trachea 
and lungs of Ht Hat available E study, and for 
supplying the details gf the clinical history. 
‘This investigation was pported in part by 
ts (H-2243, H-1771) from the National 


research gran ' 
f Institute of the National Institutes of Health, 


Publie Health Service, and in part from the Massa- 


 chusetts Heart Association. 
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was al exponenbial wishin experi ntal error, 
and so we give in Fig. 1 the decay mt, T',. The 
transverse decay was ential in the temperature- 

below approximately — 42° C. (but see below) 
and is represented by a decay constant, 7’,, in Fig. 1. 
Above — ©. the decay of transverse magnetiza- 
tion was -OX intial, but it was found it could 
be represented by a decay of the form A = h, exp. 
(— CP ae xp (+ t/T'2) with the values of Tes; 
T, and h,/(h, + h:) as shown in the graph. In 
presenting the results in this way, we do not wish to 
mp necessarily that there are two distinct proton 
signals. 
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">. not on exactly the same material 


|). and traces. of boron compounds ; the 
“not affect: ‘the results appreciably), am which «the. 
‘dielectric correlation frequency is 4 x 10% eja. BE o 
The agreement with the frequencies pre- 
dicted from nuclear resonance is not-impressive, but = 


“ny hg) 


5, 
lt Crd K) 


Fig. 1. Proton ak resonance relaxation times as a function 
of temperat we for a ara siloxane cata ymer aream Sete: 


ty of lot centis tokes at 25° C 








‘The sondesuromenia of broad lines were wilde by Mr. 
_J. A. E. Kail by conventionalemethods using appar- 


atus which has been described. elsewhere’ and after: 
wards improved. We give in Fig. 1 the 7’, values for © 
the grease indicated. as T',(8H) ara from the 


: line-width, 8H, by the formula. g= a yèH. The 


measurements of broad lines show interesting features, 
-ineluding evidence of crystallinity (approximately 
QO per cont at — 90° C.) and of methyl group re- 
-orientation even at very low temperatiros, md t 
will be discussed in detail else 








in outline to those reported for a dimet yl sdoxans es 
rubber i is propels, therefore, that, the ia aar 









it A the crystalline ‘phase. 





i 77° C., and on géneral grounds? 









in polyteobutyiehe' 
; ccm with thet 


i a, Tf it is : 
a distributer of ope sigan fro À 


un se 3x 10 ols and b = 1,300, which 
3a rather wide and cp een distribution. — The actual 











ya) is of the order 3 x 104 c./s. at about — 110° C., 
-both for the amorphous and crystalline regions. 


_ with the values of correlation frequency for dielectric: 
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ma. of the tyansvonie c b damay changes 


she allow minimum of Dy of s x 10285 sog: is om : 
Se : the behaviour near a glas 
ee reasonabl to deduco t that the selevant ‘correlation t 


ly ow oe song. zo that a 
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Some motional information can also be obtained 


from the variation of T, near its ‘rigid, lattice’ value | 


(1/ Vv 3.nvel',), and so we 5 deduce that. ve (or nae 


The : 
behaviour is evidently complex. 
It would now be of interest to compare these values. 


loss (motion of the SiO bonds). The only measur 
ments available to ws which might be 1 F 











grease designated MS4 (a dimeth 
of viscosity 500 cs. containing. 





Tatton edhould ma 


= 110° C. 


the behaviour with temperature is similar. Measure- 
ments on the identical material are desirable. .We. . 


note in passing that the dielectric measurements show 


only a small distribution of correlation frequencies, 


a if ony (Reddish, W., private communication), so that = © 
it is unlikely that a broad continuous distribution = 
exists at the higher temperature, for the: ‘principal es 
n (Ey Tahmina r, 18. 


motion and so this explanation of ; 
less favoured than a multiple interaction explanation i 
if the dielectric results are relevant. 

Further information in this region is obtainable 
from measurement of shear stress relaxation. The 
only data we have been able to find i ig on. a dimethyl 





cent re ar seas no o. “which eave apeak ' 
of cycles. per sec. (Wolf, 


at — 110° C. for a few t 





The meaning of this | 


measurement may be ecard by crystallization RER 


processes occurring as the temperaturo varied. 
Another change in mechanical properties near — 42° 
C. is evidently related to the ‘melting’ and is not — 
directly a relaxation effect. The interpretation of 
the measurements in this temperature-range is coni- 





plicated by the occurrence. of the two phases'. 





At a temperature in the Toron of. wh? Cc. : the. a 


ithin : a few : Noga and. is. 
in ion. ‘The Sore , 












thatefure, corresponds gee : 


exists. We were unable. to. et 















transition region, pecs similar sults (we are grateful 
to Mr. D. J. Neale for making these measurements). 
Dielectric loss measurements 01 her lower mole- 
cular weight polymers with n = 0-365 (ref. 13) in 
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tha temperature- range + 150° C. to — 35° C. show 
a loss peak at 2-5 x 101° ¢./s. which is reported to 
_ be dependent of a and molecular weight. 





the a sorption is in the region of 101% e. ae ahd varies 
only slowly with temperature. Evidently more 
dielectric measurements are desirable, particularly in 
the region of the transition temperature. 
_ © preliminary measurements of shear stress relaxation 
> at 80° C. (ref. 14) also suggest a ve of order 10% ¢./s. 
‘in this temperature region, and in addition a much 
lower frequency process. The possibility of two 
processes, one with ve S> w and one with ve < vy at 
30° C., is in accord’ with the interpretation of the 
nuclear resonance. measurements given below. 
Non-exponent ul decay of transverse magnetization 
has been observed also in polyisobutylene* and in 
polyethylene! under similar conditions. It has been 
suggested’ that the two T,,’s in polyethylene cor- 
= respond to two signals from protons in different 
=o ‘phases: We find this difficult to understand, par- 
ticularly in polyisobutylene and in*silicone polymers 
‘at these temperatures. The silicone P shows no 
“evidence of crystallinity above — 42° C. (Holmes, 
= DR private ‘communication), and polyisobutylene 
ee only crystallizes on stretching. The probability of 
-two distinct phases at higher temperatures, even in 
-polyethylenes, seems rather smal]. Moreover, we 
have been unable to find multiple 7',’s in this region 
as expected for more than one phase, although it 
must bë admitted that T, values are less sensitive 
than, T, values and so multiplicity may not have 
been. resolved. Further, we have found transverse 
decay requiring to be represented by at least three 
. §xponential terms in a dimethyl siloxane polymer 
oo gam together: with an inexplicable dependence 
upon temperature’. For these reasons, we prefer to 
regard the absorption line above — 42° C. as a single 





















line with structure, which arises because it is con- 


» trolled by a weak but slow (that is, ve < w) nuclear 
dipole interaction. This ‘narrow broad’ line is only 
«o observed when the principal interaction within the 
methyl groups and between nearby methyl groups 
has been substantially motionally averaged. 
We suggest tentatively that the. interaction in 
- qüestion is that between chains, as has already been 
suggested for polyisobutylene®, and that it may be 
: Sharacteristis: of long-chain compounds. 
a * Our. measurements Fig. 2) suggest that the effect 
| rs in dimethyl siloxane polymers of chain- 
length between approximately 700 and 1,700 atoms?. 
T, and T, at 25° C. as a function of viscosity. at. 




















change | is not explicable by visioni y cha 
B obt ained over i 










20-200° C: Giles caver “98 3 
`“ @ular weight between 5,800 and . 
-chain-lengths ‘between 410 and 680 atoms. 
interesting tos 











imately 1,000. chain. atoms which is observed in the 
dimethyl siloxane polymers! and which is thought 
ybe connected with’ chain entanglemient*? (we are 
= indebted to Dr. E. R. Howells for this suggestion). 

It is not known whether molten polyethylenes show 
_ # similar effect. However, it is not clear how chain 
-o entanglements, as mah, explain the present results ; 












Some > 


/. are shown in Fig. 2 and there is clearly a. 
Lin character at a value of viscosity. of about. 


| speculate whether the present Pegi 7 
are connected with the viscosity anomaly at approx- 
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IN SECONDS AT 25°C. 





RELAXATION TIMES 


a - - : 
} id 10 iO a 0. 
VISCOSITY IN cs. AT 25 Ç. 


they are at first sight more suitable to a ‘two- pise 
interpretation, though not with the observed relative 
intensities. The appearance of the nuclear resonance 
anomaly at a similar chain-length may be because 
the entanglements affect the motion: ofall parts of 
the chains. On the other hand, it may be that the 
parameters: simply become favourable for it at about 
that chain-length. It will be of interest to search for 
a similar effect in other polymers in which the tem- 
perature can be raised sufficiently without degrada- 
tion: 

The nacked change i in slope of the T ,-temperature 
curve at + 90° C. corresponds to no discontinuity in 
the nature of the transverse relaxation, nor indeed 
have we been able to find any other physical quantity 
having an ano at this temperature. 

We wish to thank Dr. E. R. Howells (Imperial 
Chemical Industries, Plastics Division) for many 
helpful discussions and for pointing out the possible 
relevance of chain entanglement. We also thank Dr. 
D. R. Holmes for making calorimetric and X-ray 
tests, Mr. W Reddish for supplying uripublished 
dielectric measurements, and Dr. K. Wolf (B.A.8.F.. 
Ludwigshafen) for showing us some unpublished 
mechanical measurements. 
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LETTERS TO THE EDITORS Es 


PHYSICS 


Action of Graphite as a Lubricant 


_ Tm lubrigating properties of graphite have con- 

+ 8iderable practical impottance and scientific interest. 

explanation often quoted for the mechanism is 
based on the assumption that the loosely bound 
graphite layers slide easily over each other like a pack 
of cards when graphite is used as a lubricant between 
moving surfaces'. In this communication we report 
briefly on experiments which indicate that a hitherto 
unconsidered mechanism might be important. 
- Samples of graphite were prepared for examination 
by electron microscopy by rubbing a grid on a block 
of graphite eof reactor grade or by dusting peened 
powder or powder rubbed between glass plates on a 
grid. Photographs were taken using Philips EM 100 
or Siemens Elmiskop I microscopes. 

In every case, the picture showed a rolling up of 
sheets of graphite in regions thin enough to be 
observed by transmission. The sheets formed plain 
or spiralled rolls of external diameter of 0-1-1. 
Figs. 1 and 2 show typical pictures. On examination, 
the dark broad lines are seen to be-foils which have 
peeled off from the rest ; re is illustrated schematic- 
ally in Fig. 3. Fig. 4 is a hdbotanh one roll. 
The structure of these rolls æ similar to that of 





2 aa s 
Fig. 4. Photograph showing structure of a large roller, x 24,000 


graphite whiskers*, which are also composed of rolled- 
up sheets of layer planes. From our pictures, the 
thickness of the sheets may be estimated as of the 
order of 100 planes. 

We suggest that the lubricating properties of 
graphite are due essentially to the rolling up of 
packets of layers, which then act like roller bearings. 
Using a roller mechanism, it is possible to reconcile 
the experimental results of other workers*, which 
indicate that: (a) a relatively high friction Co- e 
efficient at room temperature is obtained if fraphite 
is first outgassed at 800° C. in vacuo ; (b) the vapour 
of water, or ammonia, acetone, etc., must be present 
for good lubrication at room temperature, whereas in 
a vacuum or in the presence of a very dry gas the 
friction coefficient is high and wear is rapid; (c) in 
dry helium at 600° C., wear is negligible. 

Given the roller mechanism, the influence of water 
vapour at me temperature may be understood as a 
loosening of the interlayer binding forces, first at the 
edges of crystals and later inside them. (The friction 
coefficient decreases over a considerable period of. 
time if water vapour is admitted to a previously 
outgassed sample in vacuo.) At high temperatures in 
dry atmospheres, temperature-loosening might be 
sufficient. Although Tsuzuku* has observed the 
sliding of graphite planes in small single crystals, it is 
difficult to imagine the lubrication of graphite in 
terms of layers slipping over each other for large 
flakes and polycrystalline arrays. The conventional 
| idea of layer lattice crystals slipping by shear appears 
Fig. 2. Parallel rollers near edge of a crystal. x 24,000 unlikely if compared with the roller mechanism in 











ween them. An explanation of 











ypped at grain boundaries or run out at the pores ; 
iso such a mechanism would not be expected o show 
the observed sensitivity to the atmosphere, as dis- 
locations usually tend to be locked by foreign atoms. 
he roller mechanism would be expected to hold for 
other layer lattice crystals;-we have also observed 
eas in ones disulphide. 
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7 Effect of Cathode Surface Roughness 
~~ and Oxidation on Arc Movement 


An are established between two metal electrodes 
in the presence of a transverse magnetic field moves 
in a direction mutually perpendicular to the magnetic 
field lines and the axis of the arc current. At atmo- 
ae : herit pressure. movement is in the Amperian 
_, direction but at low pressure it is ‘in the opposite 
es or retrograde sense. 
Previous experiments! have shown that for both 
ae ‘Arnperian and retrograde motion the seat of are 


movement is at the cathode or in the cathode fall - 


_ region (provided that the cathode spot moves in a 
regular manner and not by a series of jumps) and 
therefore it is to be expected that cathode conditions 
would markedly affect the are velocity. The effect of 
-different materials has already been reported!, but 
up to the present time there appears to be little 
.-eonelusive evidence relating to the role of surface 

= roughness or oxidation. 

Recent experiments, however, have indicated that 
the. degree of surface roughness and oxidation of the 
ode influences the are velocity in a well-defined 
reproducible manner. The effect of roughness is 
rated in Fig. 1, which shows the arc velocity.ag a 










me material but which had been subjected to 
ent surface treatments. Two identical cup- 
shapec brass electrodes were polished mechanically 
cones was thon T ziea] Tas 


















i nged to prod 
ransverse aes ‘field across ihe de gap. 


velocity was measured during this period. At the 
end of the time the appearance of the two cathode 
urfaces was identical. Whereas the initial arc 
velocities on the two electrodes were greatly di 





to the similarity in the final state of the two surfaces. 
ne. charaptoriatic’ ari E the velocity 








e layers are uid ack by breaking yee | 
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o in terms of gliding planes would involve. 
ement of a series of dislocations which would ` 


Trans, Met. Soe., Amer. Inst. 


of time from are initiation for two cathodes: 


An are was allowed to run on each cathode for three. 
minutes in an atmosphere of nitrogen and the ~ 


Bg | gee the are velocity measurements. 
_ the final values were almost identical, corresponding 


-timo curves, : 
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A Hon of time t sëconds from arc initiation. Are current 2-2 
amp., magnetic flux density 0-015 Wb./m.?, nitrogen pressure 
25 mm. mereary. Inter-electrode gap 2-2 mm. 


is believed to be due to a progressive reduction of the 
oxide layer on.each electrode by the nitrogen gas 
filling of the test cell. ’; 
The effect of cathode oxidation is shown in Fig. 2. 
Polished cylindrical brass electrodes were etched and 
then allowed to oxidize in dry air for various times 
before mounting in a low-pressure test cell, parallel 
to a polished brass anode. An are was initiated at 
one end of the electrode system and its movement 
along the electrodes under the. influence of a trans- 
verse magnetic field recorded photographically. 
Before each are run the breakdown voltage between. 
the cathode and an auxiliary anode was measured 
at the Paschen minimum in order to give an indication 
of the effective work function of the cathode surface’. 
It is seen from Fig. 2 that for tests on electrodes 
oxidized for 40 min. or less the are velocity and the 
effective work function of the cathode are directly 
related, a decrease of the effective work function 
corresponding to an increase in the arc velocity. For 
oxidation times exceeding 40 min. the simple relation 
is no longer valid, indicating that the effective work 
function under the conditions of the breakdown 
voltage tests was not the same as that operative 
This change 
in effective work function on relatively thick oxide 
$ E in ieee a 
emission mechanisms for tho two ases. a 
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An explanation of the results of experiments on 
surface roughness and oxidation may be attempted 
with the aid of a simplified are model. The cathode 
‘spot’ is believed to consist of a number of emitting 
sites, electrons from which are accelerated through 
the fall region and ionize at the base of the arc 
column. The ions so formed drift to the cathode, but 
because of the transverse magnetic field they strike 
the cathode on the Amperian side of the spot. (For 
modification of this model to account for behaviour 
at low presgure where retrograde motion occurs, see 
ref. 4). This ion bombardment ahead of the existing 
cathode spot conditions suitable sites to take over the 
arc current when the emission efficiency of the 
existing sites decreases. Thus arc movement would 
occur by a series of micro-jumps of the individual 
sites and the magnitude of the arc velocity should be a 
function of the ease of conditioning new sites, and of 
the rate of decay of emission efficiency of the existing 
sites. It should be pointed out that the mechanism of 
electron emission from a site at the instant of current 
transfer to,it need not necessarily be the same as 
that when the site has become established. It is 
believed that the conditioning of new sites occurs 
by & process of surface charging due to positive-ion 
bombardment, which lowers the effective work 
function, and that at the instant of current transfer 
a field emission process predominates. Thus a 
roughening of the cathode surface could lead to 
localized high-field regions due to asperities and the 
sites ahead of the existing spot should then require 
less conditioning. In addition, surface oxide layers 
which alter the effective work function will also 
control the emission. The rate of surface charging 
for various thicknesses of oxide layer cannot be 
explained simply, and to obtain a realistic picture it 
18 necessary to consider the mode of electron transfer 
through a semiconductor oxide film with a surface 
charge of positive ions. It is then possible to explain 
the shape of the velocity and breakdown voltage 
curves shown in Fig. 2. 

Further experiments on stainless steel, copper and 
platinum, in air, nitrogen and hydrogen, for both 
Amperian and retrograde motion, have yielded con- 
siderable evidence in support of the mechanism of 
motion postulated. It is hoped to publish a far more 
detailed account of these investigations elsewhere. 

The considerable contribution of Dr. A. E. Guile 
to the earlier stages of this work, and his continued 
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Bulk Conductivity in Organic Crystals 


ONE of the basic problems in the study of bulk 
conductivity phenomena (dark- and photo-conduc- 
tivity) in organic orystals is the apparent energy 
deficit in the difference between the ionization 
energy of the molecule in the crystal and the energy 
supplied by the exciting radiation. An excellent 
review of this problem is given by Garrett. All 
current efforts to resolve this difficulty have been 
concerned with the energy balances within the 
crystal, excluding the electrodes, with the goal of 
explaining how & charge separation is produced inside 
the crystal. 

There is, however, another mechanism for explaine 
ing the observed conductivity, and that is to assume 
that the carriers are produced at the electrodes. 
This process in organic crystals would be classified 
mainly as one of hole injection into the adjacent 
crystal from the electrode. The experimental basis 
for this picture has been given in a preceding 
paper’. 

In these experiments an anthracene crystal was 
provided with electrolyte electrodes. One electrode 
compartment was filled with 1 M sodium iodide 
solution saturated with iodine, while the other 
electrode compartment was filled with 1 M sodium 
iodide solution without iodine. The dark current 
which flowed when the iodine compartment was made 
electrically positive was 22 times that when the 

iodine compartment was negative 

350 and 80 times the dark current 

when neither compartment had 

any iodme. These results were 

explained by assuming that the 

10dine extracted an electron from 

the adjacent anthracene crystal, 

becoming an I- ion, thereby im- 

jecting a positive hole mto the 
anthracene. 

The energy balance for the pro- 
cess of hole injection can be de- 
scribed aa follows: I, is the 
energy required to take an elec- 
tron out of sohd anthracene, 

creating a positive hole A+ (s) in 
| the solid and freeing an electron 
e- in the gas. If, further, Wx is 
the energy required to remove an 
electron from the electrode and 
Ey the energy externally sup- 
plied (optically or thermally), we 


ks 
ox 


160 


mercury, magnetic 


32 


have the following energy balance for the process of 
` hole injection : 


Wg + Hx —-Isa> 0 (1) 


In the same way, one can describe the condition for 
electron injection into anthracene. If W is the energy 
freed when an electron is absorbed in anthracene, 
then the condition for electron injection is: 


Wa+HEx ~- Wa> 0 (2) 


Ia is given in the literature! as about 6 eV.; our 
estimate is between 5 and 6 eV. 

Applymg equation (1) to the case of hole injection 
from an unilluminated I, electrode, Hy is small, 
of the order of thermal energy: W pg is about 6-2 eV., 
‘calculated as follows : 


Iaa) > I(g) + ~ 0 eV.: (3) 
Ilg) + elg) + I(g) + 8-2 eV. (4) 
I-(g) > I(aq) + 3-0 eV. 


I{aq) + e ->IT-(aq) + 6-2 0V.; Wg = 6-2eV. (6) 


The energy balance is seen to be favourable for the 
extraction of an electron from the anthracene, and 
the injection of @ positive hole into the anthracene. 
At the opposite electrode, the process is the discharge 
of the positive hole, similar to the discharge of an 
ion at a metal electrode, probably producing free 
iodine. 

When external radiation is absorbed by I, (and 
also I,~), its dissociation into iodine atoms is greatly 
increased? ; on the above basis, hole injection should 
also be increased, as is indeed the case*. Thus, when 
4360 A. radiation was used, the enhanced dissociation 
when the iodine electrode was at a positive potential 
increased the current by a factor of 16,000 over the 
dark current. 

This radiation does not excite the anthracene crystal 
and need not contribute directly to the electron 
extraction process. This process of hole injection 
ean occur with any electrode, for which the energy 
balance is positive as indicated in equation (1). For 
example, the replacement of I, by Ce‘ solution 
produces a large increase in the dark current. 

The case where the external radiation is absorbed 
by anthracene in contact with salt solutions contain- 
ing no iodine produces hole injection in a similar way. 
It is assumed that when the exciting radiation is 
absorbed (3650 A.), excitons are produced. Most 
excitons are found near the illuminated electrode, 
frequently colliding with the electrode. During a 
collision, the injection of positive holes is possible if 
equation (1) is satisfied. 

The energy balance at the electrode in contact with 
the excited anthracene (4*) surface is: 


A*(s) + A(e) + By; Hy = 3:3 eV. 


6-(9) + H,O(aq) + H,O-(aq) + We; 
Wz =3-8eV. (8) 


If these values are placed in equation (1), using a 
value of 5-5 eV. for T4, there is an excess in energy 
of about 1-5 eV. for the injection of a positive hole 
into the anthracene, 

Step (8) involves the capture of an electron by a 
water molecule*. The resulting ion is unstable and 
will dissociate, probably forming hydrogen and 


(7) 
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hydroxyl. At the opposite electrode, the discharge 
of the positive hole is accomplished as at an ordinary 
electrode. 

The major influence of the positive electrode on the 
bulk conductivity is further indicated by the com- 
parison of the electrode efficiencies of Cl- and I- 
solutions’. The replacement of Cl- by I~ decreases 
the positive current flowing away from the adjacent 
anthracene surface by a factor of 13. This reduction 
clearly indicates that most of the current is produced 
at the electrode adjacent to the excited region of the 
orystal, z 

Some conclusions may also be drawn about the 
nature of the current (t—) which flows when the 
illuminated side of the crystal is at a negative poten- 
tial. ‘The injection of negative carriers into the 
anthracene is probably also energetically feasible, 
but apparently this process is not probable (+— is 
small). This may be due to the low mobility of the 
electron in anthracene. Our resulta, moreover, lead to 
the conclusion that most of this negative current is 
actually due to the interaction of fluorescent light 
with the electrode-anthracene surface not directly 
illuminated by the incident light. This interaction 
produces positive holes which then flow to the 
negative electrode. 

This conclusion is based on the following observa- 

tions: the magnitude of t— is markedly affected 
by the nature of the electrode distant from the light, 
and in the same way that the positive current is 
affected ; the +— has almost the same dependence 
on the exciting light intensity as the positive current ; 
both negative and positive currents are saturated at 
about the same voltage, although at greatly different 
currents. The latter result cannot be explained by 
assuming the formation of an internal space charge, 
since in this case an increase of the field would cause 
a large increase in the photocurrent; this does not 
occur. 
The existence of a true negative current within 
the anthracene is, however, not excluded. Internal 
polarization experiments by M. Silvers and M. Pope’ 
on polycrystalline layers and single orystals, respec- 
tively, of anthracene can best be explained by assum- 
ing the existence of trapped negative charge within 
the crystal. No equivalent positive charge distribu- 
tion was ever observed. These results, in conjunction 
with those on photoconductivity, show that the true 
negative current carried by electrons existe but is 
exceedingly small. 

Most dark currents differ in behaviour from the 
conductivity described in this communication. They 
do not become saturated, as do the photocurrents and 
the dark currents with I, electrodes, and they also 
do not depend on the nature of the electrode. 

For the normal dark current, the criterion for 
positive hole injection would be satisfied if the 
difference between Wg and Aa can be supplied by 
thermal action. The extent to which this occurs is 
as yet unknown. 

These considerations do not exclude the possibility 
of hole and electron production within the anthracene 
itself by some process of charge separation. Internal 
polarization experiments indeed indicate that charges 
are also produced inside the crystal to some extent. 
However, the findings of this communication show 
that charge injection can easily occur and is frequently 
responsible for the large currents observed. For 
organic materials other than anthracene, calcula- 
tions also show the possibility of hole injection. 
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e CRYSTALLOGRAPHY 


Growth of Single Crystals of Copper 


DURBING experiments on the effects of alternating 
deformation on the hardening of single crystals of 
spectrographically fe beak copper!, difficulties were 
experienced in obtaining reproducible hardening 
behaviour under the same conditions of alternating 
straining from 2-om. long specimens taken from 
opposite ends of longer orystals. A brief discussion 
of experiments made to investigate this disparity 
follows. 

The method of crystal growth desoribed by Andrade 
and Roscoe? did not yield a long coherent length of 
crystal, and growth experiments were therefore 
confined to a Bri -type apparatus? inclined 
about 25° from the vertical. Moulds were prepared 
from spectrographically pure graphite rod by drilling 
a 1-6-mm. diameter hole, which was then reamed 
to a slight taper (1: 3,000); the reaming also pro- 
vided a smoother bore. Moulds were baked in vacuo 
before use. 

Crystals 25 am. long could be readily grown using a 
rate of furnace travel of 3-8 om./hr., but they were 
firmly stuck in the moulds at the lower end, due to 
impregnation of the graphite with copper to a depth 
of about 0-5 mm. Shorter crystals 14 om. long were 
then grown, and these could be removed from the 
moulds by tapping. However, the yield stress and the 
initial rate of hardening of a specimen taken from the 
lower end of a crystal orientated for easy glide were 
both about three times larger than for a specimen 
from the top end; the yield stress for the upper 
specimen. was usually about 27 gm./mm.?. 

The orientation difference between. upper and lower 
specimens was not obviously greater than the error 
of orientation determination by the Laue method 
used‘. Moreover, spectrographic analysis showed 
that there was no significant difference in analysis 
between the two ends of the crystal. 

Crystals 10 cm. long were then prepared, and were 
perfectly free in the moulds. Specimens taken from 
each end of a crystal gave yield stresses and hardening 
curves which agreed to within 10 per cent between 
themselves and with those of the upper specimens 
of 14 om. crystals. Further reduction in 
length did not improve this variability, which was 
attributed to minor variations in lineage structure 
(cf. Diehl). 
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The disparity in results obtained from longer 
crystals appears to be due to impregnation by molten 
copper of the porous graphite moulds, resulting in 
deformation during removal of crystals from the 
moulds. The extent of impregnation decreases as 
crystal length decreases, and becomes insignificant 
in crystals 10 cm. long or less. The effect of the 
accidental deformation on hardening behaviour is 
more apparent in alternating straining than in . 
unidirectional testing, siace the length of the easy 
glide region is greater and the rate of hardening is 
lower},$, 

This work was carried out at the Australian 
National University during secondment from the 
Aeronautical Research Laboratories, Department of 
Supply, Melbourne. Acknowledgment is made to the 
Chief Scientist, Department of Supply, for permission 
to publish this communication. 
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GEOPHYSICS ° 


Motion of Geomagnetic Field Lines 


Primary auroral particles, from the Van Allen 
radiation belt or interplanetary space, travel down to 
the upper atmosphere along lines of force of the geo- 
magnetic field. Hence they strike the atmosphere in 
regions which move with the field lines when these are 
distorted. The purpose of this communication is to 
show that this motion of the impact regions can only 
be very slow, because the high conductivity of the 
Earth’s interior limits the field distortion. This 
throws serious doubt on the hypothesis of Rees and 
Reid! that a diurnal motion of auroral hydrogen® 
emission through many degrees of latitude may be 
explained by distortions of the Earth’s field. Rees and 
Reid’s theory considers particles from the radiation 
belt, the orbits of which drift in longitude. Using 
Alfvén’s perturbation method’, it may be shown 
that the drifting orbits of this model pass through 
the same magnetic field lines on each circuit of 
the Earth and so follow the motion of these 
lines. 

The distortion involved is the horizontal displace- 
ment of a force-line at auroral altitudes, say 100 km. 
For, however distorted the lines at greater heights, 
this is the displacement of the primary particles 
where they are observed. The Earth’s conductivity 
may be taken? as negligible to 700 km. depth, and 
as more than 10-2! e.m.u. below 800 km. For a period 
of one day, this latter conductivity gives a skin-depth 
of 150 km. Thus the displacement of the field lines 
may be approximated by that for an Earth non- 
conducting to about 900 km. depth, with an infinitely 
conducting core below. The lines are immobile in the 
core, and their displacement in the first 1,000 km. 
height above that is required. 
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To maximize the displacement, the magnetic 
disturbance field is assumed perpendicular to the 
average or undisturbed feld. Consider first the case 
where the disturbance at all levels equals its value 
measured at the surface ; this implies a very extensive 
current source in the ionosphere. In this case it can 
be shown that the displacement of a field line, in the 
auroral zone, at 1,000 km. above the conducting core, 
18 about 0-015 A km., where A is the disturbance in y 
(10-8 gauss) units. è 

In the case of more localized ionospheric currents A 
increases with altitude, and the overall effect of this, 
for a given surface value of the disturbance, is 
to give a smaller displacement than that above. 
Consider an overhead cylmdrical current causing the 
disturbance. Then A is (Ajd), d bemg distance from 
the current and A a constant. Therefore, A is less 
than (4 /h) where h is the vertical component of d. 
Taking A as (4/h) the desired displacement of a line 
in 1,000 km. height can readily be found, and it 
increases slowly as the current diameter is reduced. 
For a current of diameter greater than about 0-1 km. 
the calculated displacement is less than the 0:015 A 
km. found before. But for such small diameters, 
replacing (A/d) by (A/h) causes a gross overestimate 
of the displacement; and furthermore, ionospheric 
currents have a much larger scale than 0:1 km. 
Adding the disturbance due to the mduced current 


. in the core does not alter this result. 


Thus the displacement of 0:015 A km. (A in y) is an 
upper limit to the movement of auroral phenomena 
due to field distortion. This distance is very small. 

„It equals 50 km. (almost $° of latitude) only if A has 
the extreme value of 3,300y ; while if A is less than 
1,300y, as in most magnetic storms when the K mdex 
does not exceed 7, the displacement is less than 20 
km. Only by very slow changes, such as those with 
the period of the sunspot cycle, can the lines of force 
be moved through great distances at low altitudes. 

Observations of the radiation points of auroral 
corons* show that the displacements of the field lines 
between the Earth’s surface and the auroræ are well 
within the limits expected from the foregoing. 

This work is part of the research programme of the 
Dominion Physical Laboratory Auroral Station, of 
the New Zealand Department of Scientific and 
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GEOCHEMISTRY 


High-pressure Phase Transformations in 
Laboratory Mechanical Mixers and 
Mortars 


Ta» mechanical action of simple laboratory 
grinders, mortars and similar devices has occasionally 
been used to assist in chemical reactions in addition 
to -performing their promary physical functions. 
Among these chemical reactions are phase trans- 
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formations. That the effect is due to some kind of 
& pressure component in the mechanical action may 
appear obvious, but the magnitude of the pressures 
is not readily appreciated, nor can it be calculated or 
measured. However, in the course of work in this 
laboratory on the high-pressure polymorphism of 
lead dioxide (PbO,), the information that a phase 
identical with the new high-pressure polymorph, 
which had been shown to be stable only in the region 
above 10,000 bars, had been formed by simple 
grinding’ was noted with no httle surprise. The 
observation was promptly confirmed by grinding a 
small amount (2 gm.) of the common rutile form (1) 
of lead dioxide in a mechanical mortar and pestle 
combination of laboratory pattern. Grinding in air 
for a few hours converted an estimated one-third to 
the denser orthorhombic form (II). After preliminary 
work, it transpired that nothing new in principle had 
been added to some similar results which had been 
reported by Burns and Bredig? on the transformation 
of calcite to aragonite by grinding in a mortar. The 
high-pressure phase was formed from the jow-pressure 
one, the amount of change was dependent on time. 
and subsequent heating would form the low-pressure 
phase. A significant difference is that phase equil- 
ibrium and thermochemical studies? place the 
calcite-aragonite transformation at about 3,000 bars 
at room temperature, which is considerably lower 
than the 10,000 bars necessary for the lead oxide 
TI transformation. 

The obvious question that arises is whether or not 
the high-pressure types are actually being formed in 
their field of stability, or whether the shearing stresses 
so dominant in such an environment either alter the 
relative free-energy relations of the two forms or 
permit metastable nucleation of the high-pressure 
phase. Therefore, other substances with known p-t 
relationships between polymorphs (work in this 
laboratory, with L. Azzaria and W. B. White) were 
chosen for further study: MaF, BeF, SiO, PbO, 
Sb,0,, B,O, and BAsO,. Their transition pressures 
at room temperature (extrapolated from our equili- 
brium data obtained at higher temperatures) are near 
9,500, 16,500, 13,500, 5,500, 10,000, 18,500 and 
30,000 bars respectively. It was found that grinding 
for several hours in the mortar assembly under air 
or nitrogen (where oxidation was a possibility) would 
produce varying amounts (as determined in every 
case by X-ray diffraction) of the high-pressure phases 
of PbO, PbO,, CaCo,, MnF,, Sb,0, and BeF, 
(questionable) in decreasing order. Also of new but 
related interest is our finding that the ‘quenchable’ 
transitions in calcium carbonate and lead dioxide 
and in many other selected phases could be effected 
(partially), in a few minutes to 2 hr., by the 
action of @ small rapidly vibrating mixer-grinder. 
The type used (trade name ‘Wig-L-Bug’) is common 
in spectroscopic laboratories and was used with a 
metal vial and ball and 60-100 mgm. of sample. 
Furthermore, it wes found that the same (vide supra) 
relative effectiveness in forming detectable amounts 
of the high-pressure phases was evident in the action 
of the ‘Wig-L-Bug’. Of the highest-pressure phase, 
BeF, (ccesite), only a trace was formed. Making 
allowances for the very sluggish nature of the quartz- 
ceesite transition of silica and the more complex 
relation’ and serious hydration problem in the new 
high-pressure B.O, polymorph, it appears that 
pressures in the region of 10-20,000 bars are being 
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MEDICINE IN 
SHAKESPEARE’S WRITINGS 


Shakespeare and Medicine 

By R. R. Simpson. Pp. vii+267. (Edinburgh and 
London: E. and 8S. Livingstone, Ltd., 1969.) 26s. 
net. 


CCORDING to Chambers’s bibliography on 
authorities on books on § , com- 
prising some 450 volumes, only one deals with the 
medical aspect of Shakespeare’s writings, that by 
Dr. John Bucknill, which appeared just a century ago. 
The present book by Mr. Simpson is therefore oppor- 
tune. It is based on lectures to various medical 
societies and ita object is “to record the medical 
references in the plays and poems, to assess Shakes- 
peare’s knowledge of the medicine of his day, to 
consider the uses to which he put it and to discuss 
some of the possible sources of his medical knowledge”. 
Although the study was undertaken primarily from 
the medical point of view, it should be of interest to 
the literary reader even though it makes no purely 
literary contributions. Any fresh study of Shakespeare 
1g of interest and value. 8 

The author has collected more than seven hundred 
medical references, major and minor, and classifies 
them under twenty pertinent headings. The dis- 
cussion of these entails some overlap and consequent 
repetition which detracts from the interest if the 
book is read as a whole. This drawback would not 
appear if various sections were used for reference or 
for lectures. 

Mr. Simpson emphasizes that Shakespeare often 
uses & medical image to illustrate a point, or a medical 
situation at a moment of dramatic intensity. Among 
notable passages he recalls is the brillignt description 
of death in the typhoid state as it befalls Falstaff in 
“Henry V”. Also the quite remarkable description 
of tertiary syphilis in “Timon of Athens’, IY, 3. . 

It is not possible to say whether Shakespeare was 
acquainted with the literature of contemporary 
Ehzabethan medicine, but that he was certainly 
aware of current medical thought is evident from 
numerous quoted passages. This inevitably leads to 
the question of how much Shakespeare learned from 
and was influenced by Dr. John Hall, the physician 
who married his daughter and who lived and practised 
in Stratford. In an interesting chapter on this subject, 
Mr. Simpson proves quite definitely from a chart 
giving the plays in their chronological order and the 
numbers of medical references in each that any 
influence must have been slight. Hall did not enter 
Shakespeare’s life until 1600, and up to that year the 
plays contain 315 major medical references; after 
1600 there are 225. 

Sha ’s references to almost all aspects of 
human activity and life are so rich and so strikingly 
apt that one could make a fair comparison with almost 
any important profession or calling just as with 
medicine, and this would not necessarily imply he had 
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special connexions. Hig genius enabled him to 
embrace so much with clarity, ease and conviction. 
Any doctor with literary interests will profit by 
reading this book. Any non-medical student of 
Shakespeare should be familiar with its presentation 
of an important aspect of the plays and poems. It isa 
good reference book for the doctor and a useful 
bedside book also. RUSSELL BROOK 


THE ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


The Royal College of Surgeons of England 
A History. By Sir Zachary Cope. Pp. xii-+-360-+78 
figures. (London: Anthony Blond, Ltd., 1959.) 63s. 
SESE his retirement from active surgery, Sir 
Zachary Cope has become a well-known and 
trusted public servant. He has also produced a series 
of learned writings on the history of his own pro- 
fession, not the least of which is the surgical record 
of the Second World War. In all these works he has 
shown good sense, good temper and good judgment, 
Here he displays these qualities towards a famous 
corporation of which he hag long been a prominent 
member. Its story is by no means one of continual 
progress nor always even wholly edifying, yet he 
makes no attempt to cover the bad patches. But the 
record bas had a happy development in the last 
generation under the guidance of men of tempera- 
ment comparable to that of the author himself. 

It must be remembered that until about a hundred 
years ago, in England—and in England alone of the 
Western countries not excluding Scotland and Ireland 
—serious instruction in the practice of medicine was 
not held to be any part of the duty of our ancient 
universities. These had, of course, nominal professors, 
of medicine, of anatomy, and of other para-medical 
subjects, but their teaching—so far as it existed— 
was of book-learning and not on practical limes. By 
this time certain of the ‘new universities’ were giving 
medical degrees. But before the rise of the new 
universities, almost the usual way to become an 
effective practitioner was through apprenticeship to 
& surgeon with the view of becoming a Member of 
the Royal College of Surgeons of London. This body 
was instituted as such in 1800. To it were consigned, 
by Act of Parliament, the magnificent collections of 
John Hunter. 

The College thus constituted had a very defective 
constitution. Its Council was self-elected and elected 
for life. It thus came to consist largely of aged and 
often eccentric men, though it also contained some 
of the highest eminence. This Council acted as 
examiners, and the examination was entirely oral. 
There was not even a syllabus for several decades. 
The result of all this was that the process became a 
rather sour joke. Mr. Bob Sawyer and Mr. Benjamin 
Allen, must have been, fairly average students of 
those bad old days. The process of transforming the 
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type of student began when the Society of Apothe- 
caries, in 1815, succeeded in becoming incorporated 
‘and introducing a reasonable examination of its own. 
About this time the term ‘general practitioner’ was 
introduced. The best qualification for such men 
was membership of the Royal College of Surgeons 
and licentiate of the Society of Apothecaries 
(MLR.C.S., L.8.A.). The weakest point in the 
curriculum was inadequate attention to what is now 
called ‘internal medicine’. Yet such are the delaying 
possibilities of institutions hat it was not until 1885 
that the Royal College of Physicians joined the Royal 
College of Surgeons m establishing a ‘Conjoint Board’, 
the diploma of which (M.R.O0.8., L.R.C.P.) covered 
all aspects of general practice. This became the 
standard qualification of such gentlemen until the 
beginning of the present century. 

The major operations of surgery were naturally 
always undertaken mainly by a special class, usually 
attached to teaching hospitals. The status both of 
these and of the College itself was raised by a charter 
of 1843 under which certain Members of the College 
became Fellows. This distinction was conferred from 
1844 onward by a special examination, and the 
diploma F.R.C.8. remains evidence of high com- 
petence in the art and was almost necessary for the 
coveted ‘honorary’ surgical appointments at the 
larger hospitals. These Fellows themselves elected 
the Council, membership of which became, in ıtself, 
a high professional distinction. 

In the early twentieth century it looked as though 
the medical degrees of the new universities might 
take the place of the diplomas of the Conjoint Board, 
and this process is continuing. But under the wise 
and genial leadership of the late Lord Webb-Johnson, 
who presided over the College of Surgeons from 1941 
until 1948, that institution was transformed from 
being mainly a diploma-granting body into one of 
higher surgical education. It has since attracted 
great numbers of students, especially of those who 
seek the diploma of F.R.C.8., and has become the 
chief place in Britain and, indeed, of the Common- 
wealth, for the training of such men. Thus the 
functions of the College have become largely, if not 
mainly, changed almost beyond recognition. 

Sir Zachary’s account of the College is supple- 
mented by one of its great library by its librarian, 

Mr. W. R. LeFanu, and of John Hunter’s Museum 
by its anatomical curator, Miss Jessie Dobson, who 
knows more about that institution than anyone 
living. The importance of the Hunterian Museum 
can. be judged by recalling that its staff has included 
Richard Owen, Arthur Keith, Frederick Wood Jones 
and many other great men of science. Sir Zachary 
has provided a readable and often amusing account of 
a great and characteristic national institution. 

SINGER 


FARLY SCIENCE IN CHINA 


Science and Civilization In China 
By Dr. Joseph Needham, with the collaboration of 
Dr. Wang Ling. Vol. 3: Mathematics and the 
Sciences of the Heavens and the Earth. Pp. xlvii -+ 
877 -+plates 21-95. (Cambridge: At the University 
Press, 1959.) 150s. net. 
HE first two volumes of this monumental work 
introduced the reader to the intellectual back- 
ground of scientific thought in China from the 
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earliest times to, roughly, the Newtonian era; ın this 
third volume Dr. Needham discusses in great detail 
the beginnings and developments of Chinese mathe- 
matics and natural science within the same temporal 
span. To many students of the history and philo- 
sophy of science, this volume will be a revelation of 
the achievements of a civilization isolated almost 
entirely from Western and other Eastern influences 
until the arrival of Jesuit missionaries at the end of 
the sixteenth century. For this immense and aston- 
ishing work of erudition no praise can be too high ; 
the author has an impressive knowledge of Chinese 
culture to add to his eminence in the field of natural 
science; and so we have a volume authoritative, 
fascinating and illuminatmg, sure in the unravelling 
of the complexities of the evidence, and with a shrewd 
appraisal, on appropriate occasions, of contemporary 
Eastern and Western progress in the sciences. 

First and briefly as to the section on mathematics. 
Dr. Needham pointa out that, whereas Greek mathe- 
matics was deductive in character, particularly m 
geometry, the Chinese approach was mainly arith- 
metical and algebraic in essence and coneerned to a 
large extent with utilitarian problems m mensuration, 
the calendar and so on. It is not surprising that, 
handicapped as they were by an unwieldy notation, 
the Chinese were unable to develop purely algebraio— 
as distinct from arithmetical—methods in dealing 
with such problems as the solution of quadratic and 
cubic equations and the method of finite differences. 
But, within these limitations, their progress was 
anything but negligible, however uninterested as they 
apparently were in abstract inquiries. 

The longest section of the book is on astronomy ; 
here the story is different, and a complete refutation 
of the dogmatic and ill-informed statement of 
Whewell, the famous Master of Trinity, who declared 
a little more than a century ago that: “We find no 
single observation, or fact, connected with astronomy 
in the Chinese histories, and their astronomy has never 
advanced beyond a very rude and imperfect condi- 
tion”. A substantially similar statement appears in a 
very recent “History of Astronomy”. The fact is 
that, as Needham says and as is borne out by the 
evidence, the Chinese were the most persistent and 
accurate observers of celestial phenomena anywhere 
in the world. It is noteworthy that for several 
centuries before the tenth century A.D. the Chinese 
astronomical records are the only ones available ; 
again, Laplace paid considerable attention to the 
ancient and medieval determinations of the obliquity 
of the ecliptic—the oldest going back several cen- 
turies B.0.—in his researches on the secular changes 
in the obliquity. 

Chinese astronomy differed in one marked respect 
from Greek astronomy. In the latter, the ecliptic was 
the fundamental plane, for the main interest centred 
on the positions and movements of the Sun, Moon 
and planets, the stars being relegated to a hypo- 
thetical crystalline sphere. The Chinese, on the other 
hand, adopted the celestial equator as the funda- 
mental plane for their observations, particularly of 
circumpolar stars ; from this followed two important 
advances in instrumental design. First, the invention 
of the equatorial mounting applied to such instru- 
ments as the armillary sphere, and second—and moat 
remarkable—the invention in A.D. 132 of the clock- 
drive, when an armillary sphere was rotated by means 
of a water-wheel controlled by a clepsydra or water- 
clock. Against this, the choice of the equatorial 
system of co-ordinates—and most of all, the non- 
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deductive character of their mathematics—militated 
against any real progress being made in the under- 
standing of planetary motions. 

Large number of eclipses were recorded in Chinese 
annals from 720 B.C. onwards, and the dates of many 
of these have been corroborated in recent times, to 
the great advantage of modern studies. 

We owe to Chinese (and Japanese) astronomers 
the recording of the first super-nova (now identified 
with the Crab Nebula) which, at its brightest was 
visible in daylight. Nove, the earliest of which was 
observed aout 1300 B,C., were. described as ‘guest- 
stara’ and as such were believed to show the approval 
of the heavens for the dynasty in power. 

Bare mention can only be made of the observations 
of sunspots, comets, meteors and meteorites, variable 
stars and, in the final sections of the book, to the 
study of meteorological phenomena, cartography, 
seismology (including the earliest known form of 
seismopraph), paleontology and mineralogy. 

In conclusion, one can only refer in a word to the 
aaa photographs which lavishly adorn the 

W. M. Smarr 


HERBERT SPENCERISM 


The Integration of Human Knowledge 
A Study of the Formal Foundations and the Social 
Imphceations of Unified Science. By Prof. Oliver L. 
Reiser. Pp. xvi+478. (Boston, Mass.: Porter 
Sargent Publisher, 1988.) 8 dollars. 

ERBERT SPENCERISM is the persistent and 

mistaken idea that apart from particular 

scientific investigations for particular purposes there 
is yet another subject, a super-science, which consista 
in doing something with the results of these special 
investigations. Reiser wants to have colleges of 
integration, staffed by people doing this. The 
trouble is that it 1s never made clear what they 
would be doing. Scientists investigate definite 
hypotheses, but what would super-acientists do? 
Would they produce and synthesize abstracte all day, 
and if they did, what exactly would this work of 
synthesis be? Reiser complains that in previous 
centuries universities used to do this synthesizing 
but that now they fall short of it. But surely all that 
has happened is that so much more has been found 
out. This raises no problem other than that of getting 
an. efficient abstracting service. 

It 13 not possible to gather what Rewer means by 
‘integration’, either from his precept or his practice. 
He defines integration as the extraction of common 
principles from the special sciences and the use of 
these in developing a universal world view (p. 387). 
This sounds like a proposal to use methodology for 
the purpose. But he also tells us that Integration has a 
social basis, namely, cultural unity, and it is not easy 
to see how the study of methodology could give rise 
to cultural unity. To tell us that the social basis of 
integration 1s cultural unity is to tell us that when 
people think alike they think alike. This brings us 
no nearer to an understanding of his use of ‘integ- 
ration’. Elsewhere integration is defined as putting 
together information from different fields; and 
the task of philosophy is defined as that of integ- 
ration (p. 7). It follows that a philosophical problem 
is a problem about how to put bits of information 
together. But the integration, we are told, has to-be 
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based on the use of materials from those fields which 
are relevant to the philosophical problem. So the. 
integration has to be based on what is relevant to 
the integration. This tells us nothing. 

The book itself is cited as an example of integration. 
It should be possible, therefore, to gather what 1s 
meant by the term by looking at Reiser’s own 
practice. The plan of the book is to pass chapter by 
chapter from the foundations of knowledge (logic, 
mathematics, methodology, semantics, epistemology) 
through the special sciendes to a final synthesis. In 
each chapter the main points of view on a given field 
are outlined and then ‘synthesized’. Again, reading 
the results of this procedure brings us no nearer to 
an understandmg of Reiser’s use of ‘integration’. 
For his procedure is that of eclectic collation of views 
based upon his own approval and disapproval. 

It might be asked why we need this synthesis. © 
Reiser’s answer is that it is essential for the establish- 
ment of a unified world society. He admita that it is 
also essential that the Russians should adopt his 
views. He says that society will remain confused 
until we know the answer to the question ‘What is 
knowledge for ?”’ and that this question cannot be 
answered until our knowledge is complete (p. 258). 
But in that case, the question never will be answered. 
We do, in fact, already know the answer. For 
knowledge is valued both as a means and as an end. 
We need no institute of integration in order to find 
this out. We also know that a question as general ag 
this will admit of an answer only in equally general 
terms. If this is felt to be unsatisfactory, the solution 
is not to produce yet further verbalisms but to ask 
more specific questions. 

There is a unity of science already, all the unity 
that there need be. All that is needed to obtain it in 
any given case is to get a group of specialists working 
together on one project. It is up to those who say 
that such & group stands m need of further ‘unifi- 
cation’ to specify intelligibly what they mean. The 
fallacy involved in the demand for synthesis is a 
Platonic fallacy. It is the view that knowledge is 
contemplative; that in order to ‘know’ science 
someone has to acquire and put together (in a manner 
which is never specified) all the results from all the 
sciences. But science consists in the exercise of 
certain manual and conceptual skills, and the unifi- 
cation of these skills is attained by the co-operation e 
of specialists for definite purposes. There if nothing 
else in the way of synthesis to be done. Reiser’s 
book illustrates the effects of nevertheless trying to 
do it. JOHN TUCKER 


HUMAN RITES 


The Rites of Passage 

By Arnold van Gennep. ‘Translated by Monika B. 
Vizedom and Gabrielle L. Caffee. Pp. xxvi-+ 198. 
(London: Routledge and Kegan Paul, Ltd., 1960.) 
23s. net. 


OR many years the author of this book was 

professor of ethnography in the University of 
Neuch&tel and particularly well known as an author- 
ity on popular traditions, legends and folk-lore. 
In 1909 he published his ideas on these subjects in a 
book entitled “The Rites of Passage” and this 
arresting title has now established for itself a place 
in the vocabulary of the anthropologists. In our 
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journey through space-time we have to pass through 
many passages which lead from one period in our 
-lives to another period. For example, there are the 
passages from infancy to childhood, from childhood 
to adolescence, adolescence to adulthood, and finally 
the abrupt passage through the doorway of death, 
either to annihilation or to an entirely different form 
of life beyond the grave. 

Gennep has noted two facts about these transition 
periods of man’s life. The first is that each of these 
movements has its approprfite rules and rites and that 
the ceremonies which accompany them are very 
rouch the same in all civilizations and cultures. He 
also directs attention to the fact that these cultures 
accentuate the existence of two particularly sharp 
divisions in society, the first being the sexual division 
between the men and the women and the second 
the magico-religious division between the religious 
members of society and the profane members. He 
gives a description also of the secondary groupings of 
thé various age-groups, the family units and the 
politico-administrative and territorial unite. 

Life entails for everybody many separations 
followed by subsequent re-unions, and one of the 
author’s main purposes in writing this book waa to 
investigate the precise significance of the rites which 
are, and which always have been, associated with 
these passages of separation and re-union, This led 
him to investigate the various initiation rites in the 
mystery religions of Egypt and Greece, religions 
which exerted a great influence on the ceremonies 
and rituals of the Christian Church in its early 
formative years. Indeed, it may be said that the 
rituals of the Catholic Mass are representations of a 
number of transitions and incorporations, the only 
difference between these and the initiation rituals of 
the old mystery religions being that the initiation 
ceremonies of the Maas are never final but are always 
being renewed. 

Arnold van Gennep’s book covers a great deal of 
ground, and it should be of interest not only to 
anthropologists but also to students of religions. Its 
appearance in ån English edition is to be welcomed. 

KENNETH WALKER 


- AFRICAN CULTURES 


Continuity and Change in African Cultures 
Edited by William R. Bascon. and Melville J. Hersko- 
vits. Pp. vii+309. (Chicago: University of Chicago 
Press ; London: Cambridge University Press, 1959.) 
52s. 6d. net. 


Te is one of the better collections of essays on 
Africa that have appeared in recent years. The 
introductory essay by the editors is an excellent 
summary of the problem, directing attention to some 
of the basic approaches to the subject which are too 
often lost sight of in the hurry of modern research. 
Four essays deal with “Africa as a Linguistic Ares” 
(Greenberg), “African Art’? (Cordwell), “African 
Music” (Merriam), and “The Factor of Polygyny in 
African Demography” (Dorjahn). The remaini 

nine are regional or tribal studies, two of them dealing 
with eastern Africa, one with the north-western 
Belgian Congo, and the rest with west Africa. Though 
there are three maps, illustrating language groups, 
culture groups, and music areas, it would have been 
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helpful if a map had been included showing where 
the peoples studied are to be found. 

Although the subject of the book is specifically 
“contimuity and change in cultures”, there is none 
the less a good deal of information about various 
aspects of the peoples represented ; and unlike so 
much modern work on Africa, the book is mercifully 
free, to a great extent, from the jargon and involved 
writing that seems to be considered a necessary 
element in social anthropology to-day. 

Of particular mterest to historians should be the 
essay on ““Ethno-History inethe Study of Culture- 
Change in South-east Africa”, which is an interesting, 
informative, and well-documented study, though it 
needs a map of its own; ın fact each of the regional 
essays would have benefited by a map. 

In his account of the Pakot (better written Pokoot), 
Prof. Schneider might have added the story of how 
Chaundy to persuade the people to use their 
stocks of cow-dung for fertilizer instead of keeping 
them merely as visible indicators of wealth, but gave 
up doing it when he had gone. 

Although the book is intended as a study of various 
aspects of acculturation, rb forms quite a useful 
introduction to the peoples with which it deals. The 
essay on “African Art” is a comprehensive survey of 
art throughout the continent, concentrating mainly, 
as is to be expected, on West Africa ; but there are 
short sections on Eastern and Southern Africa and the 
Congo, and on modern African art. The author notes 
that “there are few African cultures where the 
concept of ‘art for art’s sake’ seems to have existed”’ ; 
I wonder if this is really true. The essay which follows 
this, on African musiq, is equally comprehensive. 

At a time when so many anthropological studies of 
Africa tend to be of the ‘social anthropological’ 
kind, it is good to come across a book like this which 
deals with facts, and allows the facts to retain their 
importance. Though some of the essays in the book 
are within the field of social anthropology, the 
importance of the facts on which they are based is 
not minimized. This book is altogether to be recom- 
mended to those who wish to know more about 
certain aspects of African cultures before the countries 
in which they are found become independent and 
possibly undergo change in a different direction. 

G. W. B. Honrrmerorp 


SELF-REGULATION FOR 
CHILDREN 


The Free Family 

A Creative Experiment in Self-Regulation for 
Children. By Paul and Jean Ritter. Pp. 269+4 
plates. (London: Victor Gollancz, Ltd., 1959.) 
188. net. 


HE authors of this book were inspired by the 

teachings of Wilhelm Reich and the example to 
A. 8. Neill to bring up their five daughters in accord- 
ance with the principle of ‘self-regulation’. According 
to this principle, children should be left to work out 
for themselves how they shall behave; when and 
what they shall eat, when they shall sleep; when 
eliminate, and go on. Adult interference is kept to 
the minimum necessary for the children’s safety, 
and to prevent them from becoming too much of a 
social nuisance. Their lives begin with the birth 
procedures advocated by Dr. Dick Read. 
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On their own. evidence, the authors appear to have 
carried this principle into action as successfully as is 
possible in @ society which advocates quite different 
principles of upbringing. But their success seems to 
have depended on them being highly cultured, 
reasonably well-to-do and enjoying a good deal of 
leisure; and, what was more important, on being 
intelligent and exceptionally well-balanced and 
loving, so that they were able to tolerate the dis- 
comfort and mess which the children’s self-regulation 
entailed. Although ‘tension’ inevitably aroge, they 
were willing to accept this and to acknowledge that 
they were the probable cause—in their own words 
“everybody is silly sometimes”. Even then, it is clear 
that the children experienced considerable difficulty 
in adapting themselves to the society of children very 
differently brought up. 

This book is not of course @ scientific document. 
We need independent evidence as to whether the 
children did in fact emerge with the degree of 
spontaneity, poise and stability which their parents 
claim for them. To prove the authors’ thesis, studies 
must be ntade of many more and different families 
employing self-regulation. Only then shall we know 
whether self-regulation can be practised successfully 
by more than the fortunate few. By all means let 
parents be stimulated to try these methods; but let 
therm realize well in advance what they are setting 
out to do. M. D. VERNON 


MOTIVATION 


Motivation 

A Systematic Reinterpretation. By Prof. Dalbir 
Bindra. Pp. vii+361. (New York: The Ronald 
Press Company, 1959.) 5.50 dollars. 


T has been clear for at least a decade that our ideas 
on motivation have been muddled and unable to 
accommodate some of our data. One way or another 
the notion has persisted that organisms are inert 
machines made to behave by instincts, drives, 
libido, dan vital, etc. Many contemporary learning 
theorists and psychotherapists still hold to this kind 
of view. Dr. Bindra persuasively marshalls a great 
deal of research evidence in the hope that they can be 
brought to change their minds. 

The alternative he has to offer translates many 
motivational concepts mto terms of stimulus and 
habit. We do not have to ask why an organism is 
active because activity, or irritability, is the property 
of living matter in virtue of which it is recognized as 
living. There are biochemical problems here but not 
psychological ones. What we are concerned with are 
those aspects of activity which are, or seem to be, 
purposive. 

Not so long ago ‘purposive’ was shut away in a 
cupboard with ‘consciousness’, ‘philosophy’, ‘intro- 
spection’ and similar skeletons. The biologists, with 
their comparative freedom from methodological 
anxieties, have helped to bring it back into use. We 
can be objective here even though we cannot measure. 
Purposive behaviour is appropriate, persistent and 
searching. At the mammalian level, Dr. Bindra 
claims, most of this behaviour is learned. He 
suggests two generalizations. 

“1. Some degree of repeated or continued 
to a situation is a necessary condition for the develop- 
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ment of activities that are goal-directed with respect 
to some features of that situation. 

“2. Behaviour becomes goal directed by virtue of 
the fact that certam movements or component 
responses (occurring in è matrix of general activity) 
that are accompanied by a given goal are selectively 
strengthened or reinforced . 

This does not sound revolutionary, but the shift of 
emphasis from the drive to the goal, which is not 
necessarily set up by a drive, liberates subsequent 
theorizing, and makes W possible to handle data 
which traditional learning theory is apt to ignore or 
explain away. 

ere is some circularity involved in the new 
definitions of ‘goal’ and ‘reinforcement’, but Dr. 
Bindra sticks as closely as he can to his evidence and 
points to experiments instead of verbalizing when he 
wants to make his meaning clear. Socrates might not 
have approved, but the method works well enough 
when we are only groping towards a few empirical 
formulations. 

What does seem clear is that we learn to avoid 
painful objects. We learn to be hungry (that is, 
develop a food addiction), and so the old drives cease 
to be available to us when we try to explain learning. 

Dr. Bindra has written a timely and important 
book. It can bear comparison with Hebb’s “‘Organi- 
zation of Behaviour’ from which it stems. The 
mixture of theoretical boldness and empirical bias 
which characterizes work in the McGill Department 
seems to be what is needed at our present stage in 
psychology. J. DREVER 


MEMORY AND LEARNING: A 
NEUROLOGIST’S POINT OF VIEW 


Brain—Memory—Learning 

A Neurologist’s View. By Dr. W. Rrtchie Russell. 
Pp. xii+140. (Oxford: Clarendon Press; London : 
Oxford University Press, 1959.) 18s. net. 


HIS book gives the views of a well-known 

neurologist on the physical basis of memory and 
learning, to the better understanding of which he 
applies his extensive and critical appreciation of the 
effect of brain injuries, on which he is the leading» 
medical (as opposed to surgical) authority in Great 
Britain. The theme is important and fascinating, for 
ever since the dawn of history man as a sentient 
being has pondered the secrets of his mastery of this 
mysterious universe in which we live. This further 
approach to our understanding of the brain as the 
bodily organ of mind is presented with considerable 
ease and felicity of expression. 

Mental processes—themselves dependent upon 
brain cell activity—are considered in the light of 
recent neuro-physiological knowledge, which is also 
applied to a study of their impairment following 
concussion and focal traumatic lesions of the brain ; 
the result is an enrichment of our understanding of 
the cerebral mechanism whereby man’s dominant 
position in the universe has been achieved. 

The book opens with a survey of some aspects of 
neuronal physiology, indicating that human thought 
and reason depend, not on the presence within the 
nervous system of any special features of the nerve 
cells themselves, but on the vastness of their numbers 
and on the utter complexity of their inter-connexions 
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through synaptic knobs on their surfaces and special 
spikes on their dendrites, whereby potential synaptic 
activity must be increased to an incredible extent. 
Much cerebral activity is concerned with the analysis 
of afferent stimuli in relation to previous experiences 
composed of memories and their emotional associ- 
ations. This development of memory and the recog- 
nition of the famuliar 1s believed to be effected through 
@ process of neuronal facilitation with the ultimate 
result that what has been done once can more easily 
be done again. Intelligencespresumably depends upon 
the capacity of the mind to associate together, rapidly 
and effectively, vast numbers of such memories, and 
this can only be if the brain is m a state of what 
amounts to almost ceaseless neuronic activity. 
Attention, memory, habit-formation, learning and 
intelligence all have their emotional aspects which are 
supremely powerful during early hfe, and it is the 
successful control, refinement and integration of 
these qualities that make possible the subsequent 
development of the balanced adult personality with 
perhaps unforseeable possibilities for the future. 
Considerations of speech and of such pathological 
states as epilepsy, pain and phantom limb sensations 
all yield additional information concerning the 
sensory-motor aspects of the bram-—mind relation- 
ship. 

This stimulating, provocative and at times specu- 
lative book is eminently readable and warmly to be 
recommended, especially for the wisdom of tts con- 
cluding chapters. GILBERT HALL 


60 YEARS OF LEARNING THEORY 


Theorles of Learning 

By Prof. Ernest R. Hilgard. Second edition. Pp. 
ix-+6563. (London: Methuen and Co., Ltd., 1959.) 
45s. net. 


HE first edition of this book appeared in 1948. 

In the intervening years, a considerable amount 
of experimental and theoretical effort has been 
devoted by American psychologists to the study of 
learning with, so it seems, no very radical advances 
being achieved. The work begins with E. L. Thorn- 
dike and proceeds by way of chapters on the major 
estimulus-response theorists, notably Skinner and Hull, 
and on the other group of theoriste which the author 
designates the cognitive. The latter include those 
making use of gestalt conceptions with their implica- 
tion of an emergence of qualitative differences in 
learnmg and problem-solving, as between lower and 
higher organisms, rather than a quantifiable dimen- 
sion from simple to complex. These tend to infer 
more freely the existence of central brain (ideational) 
processes in accounting for observed behaviour 
modifications, whereas the former tend to explain 
in terms of peripheral intermediaries such behaviour 
as the goal-directed sequence of a rat running through 
a maze to a distant food-box. 

The author makes clear that these two groups of 
theories each include a diversity of points of view 
around the central distinguishing characteristic of 
peripheral or central explanations. He pomts out 
that probably the major issue, which cuts across 
both groups, is that of the role of reinforcement and 
drive in learning. Some writers have supposed that, 
in the first instance, learning may occur simply 
through associative contiguity, the achieving of 4 
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reward or the avoiding of a punishment serving 
merely to facilitate the occurrence of the learned 
behaviour on subsequent occasions. Others have 
maintained that learning does not occur at all unless 
some kind of reinforcement is available to the 
organisms in the learning situation. The crux of the 
matter between these two points of view lies perhaps 
in the kind of definition given to the term ‘reinforce- 
ment’. It need not consist merely in obtaining a 
primary goal, such as food or avoidance of electric 
shock, or secondary (acquired) goals such, as counters 
or verbal praise or punishment. It may also derive 
from the reduction of tensions set going, for example, 
by the animal’s propensity to explore its environment. 
The discussion of these problems, together with other 
current developments, including the role of mathe- 
matical models in the construction of learnmg 
theories, is contamed in three new chapters which 
constitute an important addition to the first 
text. 

Changes and additions to the historical core of the 
text are to be found in the chapter on Hull, where his 
later postulate system is assessed, in the discarding 
of the chapter on Wheeler’s organiamic psychology, 
and in the melusion of a new chapter of 38 pages on 
Freud’s psychodynamics. Wheeler’s omission repre- 
sents a loss of little significance, but it is not clear 
that Freud’s ruption into a historical text dealing 
with theories derived almost entirely from experi- 
mental data constitutes a substantial gain. The 
author says: “If there is any teaching which has 
come from Freudian psychology it ıs that motives 
are organized in some sort of hierarchy within the 
individual, resulting ig a value-system expressed in 
behaviour” (p. 348). But the key to this inclu- 
sion seems to be the awareness that motivation, 
whether in its conditioned or its mstinctive form, 
is very inadequately dealt with by most learning 
theorists. 

In considering the organisms from which learning 
data and theory are derived, it is common knowledge 
that the animal favoured by psychologists has been 
the rat. Index references confirm the rat’s priority 
over all other laboratory animals in the ratio of about 
2 to 1. References to human learning make up a 
poor second to the rat. Allowing for the experimental 
conveniences of rats as learning-apparatuses, this 
still must constitute a severe restriction upon the 
general and comparative significance of the learning 
theories discussed. Indeed, it would seem justifiable 
to describe most stumulus—response theories as rat- 
derived, most cognitive theories as primate-oriented. 
This is a defect, not m the author’s scope, but in the 
range of the work which he is very ably sampling. 
A vital corrective to this species-restriction is 
necessary, and much may be learned by learning 
theorists from the expermental-ethological studies 
of Thorpe, Tinbergen, and others. 

We are left with the view that there may turn out 
to be several different types of learning which, at the 
present stage of theory construction and experimental 
evidence, cannot be resolved by single theory treat- 
ment, even of the promising mathematical model 
variety. But, although our reading of this book 
should lead to a critical dissatisfaction both with the 
theories and with the supporting evidence, the author 
has, in general, produced an invaluable historical 
survey and appreciation of current trends which 
merits the careful study of every student of behaviour. 

K. R. L. Harn 
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SOCIAL SCIENCE, CRIMINOLOGY 
AND PSYCHIATRY 


Social Science and Social Pathology 

By Barbara Wootton, assisted by Vera G. Seal and 
Rosalind Chambers. Pp. 400. (London: George 
Allen. and Unwin, Ltd., 1959.) 358. net. 


<a 
HE discrepancy between the brillant achieve- 
ments of the natural sciences and the slow 
progress of social science 18 one of the most disturbing 
features of our civilization. Recently there has been a 
good deal of stocktaking among social scientists. 
What is the scope of this field of study and what are 
its methods of research ? Is there only one social 
science or are there several social sciences ? What 
ought to be the relationship of social science to the 
two fields of study most closely concerned with 
human behaviour, that is to say, psychology and 
psychiatry ? Lady Wootton tries to answer some of 
these questions in this book written in anger and 
without pretence of scientific detachment. It is 
addressed to the interested lay person. 

The work falls into three parts. The first presents a 
critical survey of contemporary research into the 
origins of crime. Twelve hypotheses are listed and 
found wanimg. Theories about the role of the broken 
home and the lasting effects of maternal separation 
or deprivation on behaviour come in for special 
criticism. Many of the strictures are justified, but 
none of them is new. Lady Wootton believes that 
criminological research has achieved very little and 
that progress is unlikely unless social science rids 
itself of evil influences. Ske regards the rise of 
psychiatry as its greatest danger. Her book can 
be viewed as a desperate attempt to halt this 
threat. 

Lady Wootton detests imprecision and uncertainty. 
She insists on clear boundaries, especially between 
the bad andthemad. Unfortunately, such boundaries 
do not exist in Nature. She blames the psychiatrists 
for the existing confusion. In Part 2, which is entitled 
“The Contemporary Attitude to Social Pathology : 
the Social Implications of Psychiatry’’, Lady Wootton 
sets out to show psychiatrists up for what she thinks 
they are, namely, unscientific, igrorant and power- 
hungry empire builders. She deplores the intrusion 
of psychiatric concepts into social science. She has 
nothing good to say about psychiatry, except that it 
has had a humanizimg influence. She takes a great 
deal of trouble to show that the concepts of mental 
health and mental hygiene are ill-defined and 
~ influenced by ethical premises and value judgments. 
She is particularly severe on the notion of adjust- 
ment. 

All this amounts to the statement that there is no 
clear boundary between mental health and mental 
illness. Lady Wootton presents this as if ıt was a 
discovery which ought to disqualify psychiatry from 
having a say m the study of antisocial behaviour. 
The reader is led to believe that those uncertainties 
are specific to mental health and illness. In fact, 
they also exist in physical health, which is a concept 
equally elusive of definition and no less ‘value- 
soaked’ than mental health. 

The intelligent reader will take heart from the 
knowledge that medicine has not done too badly 
even without such a definition. Nor has the scope of 
physical medicine remained static. Many conditions 
which are now treated by the physician were not so 
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long ago outside the scope of medicine. Lady Wootton . 
has a simple explanation for the widening of the 
scope of psychiatry. Moral problems have been 
incorporated into medicine “‘for no other reason than 
that doctors have decided to enlarge their empires 
so as to include territory formerly regarded as 
belonging to morality rather than to medicine, and 
80 as to make a place for psychiatry in the medical 
curriculum”. This statement shows a lack of his- 
torical msight which ise most disturbing in one so 
eminent. Lady Wootton, has not taken the trouble 
to find out why psychiatry is no longer confined 
to the ‘insanities’ but has become the study of 
abnormal behaviour. If she had given some time 
and thought to this problem, she would have 
learned that this change of the scope of psychiatry 
was due not only to psycho-analysis but also to 
the discoveries of the effects of brain lesions on 
behaviour. 

Lady Wootton is alarmed about the vagueness of 
the concepts of psychopathy and mental deficiency. 
It is, of course, true that moral and medical judgments 
often overlap and are difficult to disentangle. There 
are still very few objective criteria of mental illness, 
and often the firat and only indication of its presence 
is social failure. A considerable time may elapse in an 
individual case before other signs of illness can be 
demonstrated. All this ıs rather confusing, and 
sometimes the doctor, by mtroducing his own 
uncertainties, makes it difficult to administer the law; 
but this is an mevitable complication where know- 
ledge is incomplete. 

Lady Wootton is ultra-conservative concerning 
the safeguards against conviction for offences com- 
mitted in a state of mental disorder. She does not 
think that the McNaghten rules, which reflect the 
medical knowledge of 1843, can be improved upon 
and she is opposed to the concept of diminished 
responsibility. She resents the ‘privileged’ position 
of the medical profession. It is a pity that Lady 
Wootton has not heeded her own warning that ‘in 
social research generally, constant vigilance is 
necessary against the risks of prejudice’. Her 
attitude against the medical profession has a Shavian 
flavour, without bemg entertaining. 

Lady Wootton condemns the emphasis on personal 
relationship in social work. The social worker ought 
to concern himself only with economic and not with 
personal difficulties, which, she believes, can be kept 
apart. The chapters dealing with the role of the social 
worker appear the most unenlightened of the whole 
book, probably because here the author speaks as an 
expert. 

The concluding chapters make gloomy reading. 
Lady Wootton re-states her poor opinion of social 
pathology in its present immature state. Like 
everybody else, she wants more facts and more 
sophistication m the formulation of hypotheses. She 
believes that for some time to come the destruction 
of myths is going to be the chief pre-occupation of 
the social scientist. 

It has been said that the main characteristic of the 
scientific attitude is the acientist’s devotion to the 
detection of his own errors. Scientists must also 
undertake the task of proving others wrong. Lady 
Wootton has dedicated herself to the latter, but in 
doing so she has neglected the former, which is the 
true test of the scientific outlook. This is why this 
book gives a distorted picture of the state of social 
pathology. E. STENGEL 


4.2 


A DIVERSITY OF TRENDS 
IN MEDICINE 


Ciba Foundation wt on Significant Trends 
in Medical Researc 

Edited by G. E. W. Wolstenholme, Cecilia O’Connor 

and Maeve O’Connor. (Tenth Anniversary Sym- 

positum.) Pp. xii+356. (London: J. and A. Churchill, 

Ltd., 1959.) 50s. net. : 


HIS account of the transactions of a special 
symposium arranged in June, 1959, to celebrate 
the tenth anniversary of the Ciba Foundation is the 
fiftieth major volume published for the Foundation. 
The aim in selecting the thirteen original papers, here 
printed together with the discussions on them, was to 
pick out the advances in medical research in the 
past ten-year period which would prove to be most 
significant in the next ten years. The speakers 
fortunately eschewed prophecy and talked about the 
work they were interested in personally. Dis- 
ed as the participants were-—they included 
seven Nobel laureates—it seems doubtful if any of 
them could have taken a sustained interest in every- 
thing that went on, or understood the whole of a 
terminology which included nuclear-spin and electron- 
spin magnetic resonance, genome, the ascending 
reticular system and co- arctation of the aorta. Few 
active scientists to-day are polymaths, and trends in 
medical research may diverge too widely to be the 
focus of a single gathering. 

The Ciba Foundation has done such admirable 
work in providing hospitality for visiting scientists 
and arranging symposia of groups of experts that one 
must not grumble at an occasional Festschrift or 
express a perhaps purely personal prejudice against 
studying so many topics at once. Some of the subjects 
dealt with were general neurophysiology, hormones, 
pancreas and insulin, chronic pulmonary disease, 
clinical nutrition, and ‘the organization of research m 
the United States. The remaining papers, which are 
concerned with such subjects as molecular structure 
in relation to biology and medicine, enzymes, the 
chemical basis of virus multiplication, population 
dynamics of body cells, genetics and medicine, 

t transformation, and the quantitative 
approach to disease as exemplified by essential 
hypertengion, are a more homogeneous collection. 
They have in common the transmission of cellular 
characteristics, the disturbances which avoidably or 
unavoidably occur in this process, and the mani- 
festations which these produce in the organism as a 
whole. The subject interests a wide range of workers, 
from electron microscopists to population research 
workers, and it will undoubtedly form a major trend 
in medical research in the next decade. 

Pauling, Burnet and Medawar briefly PS 
their own important contributions, di 
particular the mechanism of antibody inne cod: 
and the question whether the relationship between 
stimulus and response should be described as ‘in- 
structive’ or ‘evocative’. Similar ideas were shown to 
underlie our notions of embryonic differentiation, 
ageing, and malignant disease. Waldenström (his 
Figs. 2 and 3 have unfortunately been transposed) 
emphasized the need for greater precision in the 
description and interpretation of inherited disease 
in man if human genetics is to support its theoretical 
superstructure, and Pickering reviewed his work on 
the incidence of hypertension and the quantitative 
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approach to disease. Not all his audience agreed that 
the ability to arrange the blood pressures of a popu- 
lation in a normal frequency distribution curve tells 
us much about the etiology of essential hypertension. 
Moreover, it is doubtful whether many scientific 
clinicians to-day believe, as he suggests they do, that 
“a patient with a specific disease has a single basic 
fault”. Indeed, I think the majority will be rather 
encouraged to learn that Waddington thinks the 
one-gene, one-enzyme hypothesis is an abstrac- 
tion. 

The book has been produced With soraatiabla speed, 
considering the inclusion of the discussions and the 
intervention of the printing strike, and it is a testi- 
mony to the experience and skill of the editors m this 
field. L. J. Wrrrs 


THE EYE AND VISION 


The Eye In Evolution ° 
By Sir Stewart Duke-Elder. (System of Ophthalmo- 
logy, Vol. 1.) Pp. xvi+843 (902 figures)-+ 15 plates. 
(London: Henry Kimpton, 1958.) 1268. net. 


Documenta Ophthalmologica 

Advances in Ophthalmology, Vol. 18. Edited by GQ. 
von Bahr, G. B. Bietti, J. ten Doesschate, H. Fischer- 
von Biinau, J. Francois, H. Goldmann, H. K. Muller, 
Jean Nordmann, A. J. Schaeffer and Arnold Soraby. 
Pp. xui+516. (The Hague: Dr. W. Junk, 1959.) 
75 guilders. 


+ 
OTH these books are directed towards ophthalmo- 
logists. One is written by a clinician, the other 
records the work and opinions of men many of whom 
are climcal ophthalmologists. It is significant that 
the material is largely made up of the basic sciences 
upon which ophthalmology is built. 

Sir Stewart Duke-Elder explains why he has 
preferred to initiate the preparation of a “System of 
Ophthalmology”, of which he will be editor, to the 
production of a second edition of his own compre- 
hensive, internetionally renowned and sought-after 
“Text Book of Ophthalmology”. Much of the 
material in its seven volumes is now out of date and 
the earlier volumes out of print. But while this new 
book, written by Duke-Elder himself, is the first of 
fifteen. planned volumes to cover ophthalmology it is 
an entity in itself which can be read and entirely 
enjoyed not only by clinicians but also by anyone 
interested in natural history, and in man. Its 
pattern is perhaps best shown by extracts from the 
epilogue and introduction in that order. 

“This is the story of the development of the eye 
from the primitive undifferentiated protoplasm of 
the simplest protozoon to become the most highly 
efficient sensory mechanism in the animal kingdom 
in the eyes of Birds. It is the story of the develop- 
ment of the sense of vision from an autonomic 
response associated at some stage with a vague 
awareness, to the capacity to be enraptured by a 
rainbow or to create a thing of beauty”’. 

“It is a fascinating story extending back to where 
life started, a story mostly of steady progress, now 
in this direction, now in that, as one expedient after 
another was tried, this one to be discarded, that to be 
perfected”. 

“We begin with a drop of viscid protoplasm the 
reactions of which we do not understand and we end 
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lost in the delicacy of the structure of the eye and the 
intricacies of the ten thousand million cells of the 
human brain”. 

“If, indeed, the proper study of mankind is Man, 
and if (as we must agree) his behaviour and his 
contact with the outside world are mediated through 
his senses, what can be more fundamental than the 
study of the sense which, more than any other, determ- 
ines his intelligence and regulates his conduct ... 1” 

To tell this story of the evolution of the eye and of 
vision throygh the animal world a vast amount of 
learning has been sought, assembled and arranged. 
It is presented in the same delightfully readable way 
that characterized the “Text Book of Ophthalmology”. 
Not only is the reading easy, it seems easy to absorb 
the facts, and the lightness and grace of the writing 
tend to eliminate any text-book impression. 

It is profusely and beautifully illustrated, and 
attractive marginal line drawings of many creatures 
have been added to supplement and enliven the text. 
The pleasant practice of opening a chapter with the 
photograph, of, and notes about, an authority in the 
subject of that icular section has been carried on 
from the “Text k”. The layout and the production 
of this volume are excellent and clinicians at least will 
look forward eagerly to those which are planned to 
follow it. 

Most of volume 13 of “Documenta Ophthalmol- 
Ogica”’ is given to the papers and discussion at a 
symposium on glaucoma held in Lidge by invited 
participants from Europe and the United States. The 
papers are in English, French and German, and some 
of the mathematics and hydrodynamics will be beyond 
the ordinary ophthalmologist. But the reported work 
and the discussions which followed each paper 
provide a most interesting and instructive review of 
the research, basic and clinical, which in many 
centres is focused on aspectes of the physiology and 
anatomy of the eye and the earliest evidences of an 
insidious disorder which accounts for much blindness, 
and which may well have its start earlier in life than 
has been generally thought. The last paper is an 
interesting, if abstruse, review of published ideas on 
frontal reference surfaces of binocular visual space 
commonly referred to as horopters. 

R. C. DAVENPORT 


EARLY ETHOLOGY 


Instinctive Behaviour 

The Development of a Modern Concept. Translated 
and edited by Claire H. Schiller. Contributors: 
D. J. Kuenen, Konrad Lorenz, Nicholas Tinbergen, 
Paul H. Schiller, and Jakob von Uexkull. Pp. xix + 
328. (London: Methuen and Co., Ltd., 1959.) 45s. 
net. 


URING the past twenty-five years very con- 

siderable progresa has been made in the study of 
instinctive behaviour. This has been due largely to 
the work of Konrad Lorenz in Germany and Niko 
Tinbergen in Holland and England. They m tum 
owe some of their inspiration to a small number of 
earlier workers—Heinroth and von Uexkull, Whitman 
and Craig, J. Huxley and Eliot Howard. Their 
work has resulted in the development of ethology— 
a discipline characterized not by any strict boundaries 
to its subject-matter (indeed most ethologists are 
busy attempting to establish bridgeheads with 
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related fields such as physiology, psychology, ecology 
and genetics), or by a formal theory, but rather by 
the orienting attitudes of its research workers. These 
attitudes reveal the influence of a zoological back- 
ground, and include an interest in problems of the 
function and evolution of behaviour as well as its 
causation, an emphasis on the importance of the 
description and classification of behaviour as 4 
preliminary to analysis, and an interest in com- 
parative studies. í 

“Instinctive Behaviour” is a collection of some of 
the earlier ethological papers, translated into English 
by Claire H. Schiller. As such, it is not to be taken as 
representative of modern ethological views, but 
rather as showing the sources from which they 
developed. The first essay, first published by von 
Uexkull in 1934, is concerned with the relation 
between an animal’s perception of its environment 
and its sensory capacities. This relationship is obvious 
enough now, but needed emphasizing at the time: 
the paper contams a number of interesting obser- 
vations, as well as some rather far-fetched specu- 
lations. 

The greater part of the book consists of six essays 
by Lorenz, Tinbergen and Kuenen, alone or in 
combination, including Lorenz’s (1935) ““Kumpan” 
paper and the classic papers on the egg-rolling of 
the greylag goose and the begging of young thrushes. 
The extent of Lorenz’s and Tinbergen’s genius is 
shown by the fact that many of the ideas which have 
proved useful in ethology were fully developed in 
these essays written twenty years ago. The use of 
fixed action patterns in comparative study, the 
evolution and function of social releasers, the nature? 
of animal language, the integration of discrete actions 
into functional sequences of behaviour, and many 
other topics are discussed here in detail; and later 
workers on such subjects have had to do little more 
than fill in the details. At the same time, these papers 
contain much of the earlier theoretical background to 
ethology which is now discarded by most ethologists 
as well as by Lorenz and Tinbergen themselves. 
Lorenz’s discussions of the innate/learning controv- 
ersy, releasing mechanisms or the precise nature of 
‘action-specific energy’ make curious reading now ; 
though in their day they were fertile in provoking 
observation and experiment. 


The last essay. by Lorenz, in this book (1952) ° 


contains & summary of Tinbergen’s hierarchical 
scheme of nervous centres. This model embodied 
many of the earlier ethological ideas, and will pro- 
bably come to mark the end of a phase in ethological 
thinking. Since then Lorenz and Tinbergen have 
developed new approaches and produced fresh ideas ; 
but these are not represented in this book. In their 
later writings the distinction between the valuable 
general principles on which ethological work is based 
on one hand, and its earlier rather loose theoretical 
concepts on the other, becomes apparent. 

This volume was planned and begun by the late 
Paul H. Schiller. It contains one previously unpub- 
lished essay by him on the importance of ‘innate’ 
organization in determining the course of learning in 
chimpanzees, in which he emphasizes that a know- 
ledge of this organization is essential for analysing 
the acquisition of skills. This paper provides an 
example of the way in which ethology must develop 
—by inter-action with other fields of study in which 
ethological observations and methods can be applied. 

R. A. HENDE 
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A NINETEENTH-CENTURY 
BOTANIST 


Asa Gray, 1810-1888 
By Prof. A. Hunter Dupree. Pp. x+6505+9 plates. 
(Cambridge, Mass.: The Belknap Press of Harvard 
University Press; London: Oxford University 
Press, 1959.) 60s. net. 


HE story of Asa Gray is told against a background 

of history concerned with the intellectual 
development of America durmg the nmeteenth 
century. ‘These pages should appeal not only to 
botanists, who know of its subject as one of the 
pioneers in the study of the geographical distribution 
of the American flora, but also to all those interested 
in the growth of the fruitful scientific collaboration 
between the New World and the Old in which Asa 
Gray played a notable part. 

Born in 1810 of farming stock, Asa Gray was 
reared in the beautiful valley of Sanquoit and worked 
in the bark mill of his father’s tannery. He was 
eighteen when plants caught up his interest, and he 
began to make a herbarum durmg his apprentice- 
ship, for hke so many of the earlier botanists he was 
educated as a medical practitioner. At the age of 
twenty-eight he was appointed professor of botany 
to the new University of Michigan and was enabled 
to visit Europe, which gave hum the opportunity of 
forming the contacts with William and Joseph Hooker, 
George Bentham, Lyell and Charles Darwm that 
were to have a profound influence upon his subse- 
quent career as an investigator. 

While the author of this work emphasizes how 
Gray’s scientific activities were chained to the 
results of American expansion and exploration, these 
nevertheless provided both the opportunities and the 
means. [t was Asa Gray’s good fortune to discover in 
the eastern States single representatives of Japanese 
genera previously regarded as monotypic, thus con- 
firming his conclusions that while the European 
connexions are most marked on the side of the 
American continent nearer Europe, those with Asia 
are greatest on the remote side. It was these observ- 
ations and his wide grasp of the North American 
floristics which attracted the attention of the Hookers 


„and later of Darwin when he turned his attention to 


the botanical field. 

From these pages we get the impression of their 
subject as a vigorous character, but quite incapable of 
estimating what he could, in fact, accomplish so that 
during his more active period ‘the incomplete works 
of Asa Gray’ continued to augment. It is an interesting 
sidelight on his personality that antagonism to the 
views of Agassiz would seem to have been an impor- 
tant stimulus, just as ıt was Alphonso Woods publi- 
cations that appear to have provided the requisite 
catalyst for Gray to write his “Manual”, that was his 
most important work, and which might otherwise 
never have been completed. 

The Gray Herbarium was a vast collection that 
bore tribute to his drive ; and the difficulties he had 
with the collectors, upon whom he relied for the new 
plants he described, are well portrayed as well as the 
impediments that these pioneer workers had to 
overcome in the tasks of identification. 

The author of a biography may be forgiven a 
partiality for his subject and to such bias we may 
perhaps attribute the statement that Gray “shewed 
the qualities of mind and character necessary to rise 
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to Darwin’s level”. But even though the reader may 
scruple to accept this assessment he cannot but be 
grateful to the author for this fully documented 
presentation of the man and his environment. 

E. J. SALISBURY 


MASTER OF MICROBIOLOGY 


Albert Jan Kluyver 

Hw Life and Work: Biographical Memoranda, 
Selected Papers, Bibliography and Addenda. Edited 
by A. F. Kamp, J. W. M. La Riviére and W. Ver- 


hoeven. Pp. xv +5867. (Amsterdam: North-Holland 
Publishing Co.: New York: Interscience Publishers, 
Inc., 1959.) 80s. 


HIS book contains a record of the life and work 
of a great microbiologist—perhaps the last we 

ghall see of those encyclopedic men whose field was 
the study of micro-organisms as a whole. Micro- 
organisms have an increasing role in human activities : 
as agents of soil fertility and in the préduction of 
prophylactic, therapeutic and other economically 
important materials, and as agents in animal and 
plant diseases and in the spoilage of stored products. 
The utilization and control of micro-organisms will be 
increasingly important as populations grow, with their 
mereasing demand for food and for the prevention of 
disease. Applied physics may steal the headlines for a 
while, but when all is said, the problems of food 
production and of health will remain, and in these 
micro-organisms must play an important part. The 
concepts of the ‘unity of biochemistry’ and of ‘com- 
parative biochemistry? which Kluyver enunciated so 
clearly are cardinal in modern biological studies. 
Micro-organisms multiply quickly and we now know 
that it is often possible by studying them to gain 
information of general biological importance more 
easily and rapidly than by studying more complex 
organisms. Kluyver’s work in microbiology is an 
example par excellence of that interweaving of 
biochemistry and biology which is now proving so 
fruitful in biological studies. The line of Dutch 
microbiologists such as Leeuwenhoek, Beijerinck and 
Kluyver forms one of the great arteries of micro- 
biology ; this school has been particularly concerned 
with fundamental studies of microbial physiology. 
Another equally important line comes, of course, 
from the Pasteur school, which developed particularly 
the study of disease-producing organisms and the 
prevention of their effects. Both lines of development 
lead, in the end, to study of the biochemistry of the 
modes of action of specific micro-organisms. An 
important feature of the work of the Dutch school has 
always been the study of micro-organisms in general, 
of what they do and how they do it : general microbial 
physiology. 

The book is divided into three parts ; most of it is 
in English. 

Part 1. Biographical memoranda. This 
(pp. 3-67; illustrated by 23 photographs) by giving 
the outline of Kluyver’s life, with a very in 
section about Kluyver as seen by his pupils. There 
follows (pp. 68-155) a masterly survey by C. B. van 
Niel of Kiluyver’s contribution to microbiology and 
biochemistry. This part closes with two moving 
funeral orations. 

Part 2. Selected papers (pp. 165-524). The papers 
selected are, with two exceptions, those of which 
Kluyver was the sole author. They are mainly the 
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general articles and lectures in which he displayed his 
masterly grasp of, and wide-ranging thinking about, 
microbial physiology, and are written in his character- 
istically vivid personal style. In these writings 
Kluyver established himself as a great thinker and 
teacher about microbiology: the experimenter who 
related his findings to the advance of his field of 
science as a whole. Every one of these papers should be 
read and digested by anyone who 1s concerned with 
the future trends of microbiological science and its 
mode of progress. 

Part 3. “Bibliography and addenda (pp. 527—583). 
This contains detailed lists of jont papers by Kluyver 
and co-workers, of doctoral theses supervised by 
him, of papers from the laboratories at Delft and 
Utrecht which he influenced; lists also of the 
members of the staff at Delft durmg Kluyver’s 
durectorskup, of the many honours conferred upon 
him, and of obituary articles. This simple docu- 
mentation of hs work and influence strikingly 
illustrates his energy and breadth of interests. 

Kluyver was a splendid man and a splendid 
scientist of the kind most fitted to this epoch. He was 
never content only to deepen his studies of micro- 
organisms, but was always conscious of, and able to 
explain clearly, the relations of the work of his school 
to the advance of microbiology as a whole. His 
work and mfluence continue to shape that science. 
What better memorial could a man wish than that 
people will return again and again to his writings to 
seek refreshment and inspiration. This beautiful 
volume should be possessed by every university 
library and every department of biological science. 

B. C. J. QG. KNranT 


DIAGNOSIS OF HUMAN 
GROWTH 


Growth Diagnosis 

Selected Methods for Interpretmg and Predicting 
Physical Development from One Year to Maturity. 
By Leona M. Bayer and Nancy Bayley. Pp. xiv +241. 
(Chicago : University of Chicago Fress ; London : Cam- 
bridge University Press, 1959.) 10 dollars ; 80s. net. 


HYSICIANS concerned with the treatment of 

children and adolescents will be glad to see a book 
which provides them with a set of blue-prints for 
assessing growth. In a number of research centres, 
and particularly in the United States, the individual 
progress of hundreds of boys and girls has been 
documented from birth to maturity. Based on these 
studies, the details of growth have been precisely 
delineated to show increases ın individual parameters 
and changes in proportions as well as in certain more 
superficial and subtle aspects of body covermg and 
contour. 

Since deviations in growth pattern may reflect 
corresponding physiological abnormalities, accurate 
recognition of deviations can be an important diag- 
nostic aid. An exact description of the morphological 
and temporal aspects of a growth deviation may thus 
provide a reliable guide to its probable etiology. 

Before establishing deviations, however, it 18 
necessary to define norms, and this the authors do by 
selecting examples from a population which is 
ethnically homogeneous, clearly described and 
numerically adequate; the norms can also be 
statistically defined. These anthropometric norms 
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have been derived mainly from American children of 
European origin who have been nurtured under 
favourable conditions ; in most cases they have been 
expressed in means and standard deviations. 

The great value of this book is that it is very 
practical. Elaborations of anthropometric measures 
and indices are limited to five each, and have been 
chogen for their simplicity and for their usefulness over 
the whole span of childhood and adolescence and for 
their special relevance to sexual differantiations. Most 
physicians wishing to m&ke use of the extensive lists 
of charts and tables should be prepared to take three 
measurements in addition to the conventional 
heights and weights. 

Although a different presentation might have been 
required, it is unfortunate that Prof. Bayer and Dr. 
Bayley have not rounded off such an eminently 
useful work by the inclusion of relevant information 
for babies up to the age of one. This is the age-group 
which commands greatest unterest and which could 
act as a starting pomt whereby British physicians 
might take a greater interest in the subject of growth 
diagnosis. 

This book would be appreciated by members of 
school medical services, maternity and child welfare 
officers, general practitioners, Service and industrial 
medical officers, and all students of human biology 
who are interested m promoting the positive health 
of children and teenagers. K. M. Hawkins 


RED, ROE AND FALLOW 


Wild Deer a 
By A. J. de Nahlik. Pp. 240 +26 plates. (London: 
Faber and Faber, Ltd., 1959.) 70s. net. 


N the past five or six years there has been a great 

increase in interest in the wild deer of Britain, both 
by naturalists and by sportamen. The Deer Group of 
the Mammal Society of the British Isles focuses 
the naturaliste’ interest and the St. Hubert 
Club the sporting interest. Squadron-Leader de 
Nahlik is a member of both, and his book lnks 
the two interests, but leaning rather on the sporting 
side. 

He confines himself to three species out of the five 
or six that are at present wild in British 
woods, namely, the native red and roe deer and the 
probably introduced fallow. The three aliens which he 
ignores are the widespread sika, the locally common (in 
the Midlands) muntjac or barking deer, and the much 
more local Chinese water deer. The book is the 
fruit of many years field experience of deer, both m 
Britain and on the Continent, and no doubt the reason 
that the sika and muntjac are omitted is because the 
author has not wished to write about animals of 
which be has no personal experience. 

Into the natural history of the red, roe and fallow 
the author goes reasonably fully, dealing especially 
with their annual breeding cycle, antlers and how to 
recognize them at various stages of ther develop- 
ment. He tackles next the problem of damage by 
deer to farming and forestry, and the various methods 
of control, mcluding the use of chemical repellents. 
These last have been much more fully mvestigated on 
the Continent than in Britain, and it is most useful to 
have a full list of them, their uses and manufacturers, 
for the first time in any book on British deer. Other 
chapters discuss the various niceties of deer shooting 
and stalking, and so are of less interest to the natural- 


AG 


“ist, except in so far as the management of a deer forest 
eneeds to be done scientifically. However, even 
-naturalists enjoy venison, so the appendix of various 
ways of cooking this delicacy will doubtless have a 
wide appeal. There is also a valuable glossary at the 
end, in which not only are such technical terms as 
‘beam’, ‘gralloch’, ‘tine’ and ‘trey’ explained, but also 
their equivalents are given in five European languages: 
“German, French, Spanish, Italian and Polish. The 
-book is well illustrated with black-and-white photo- 
-graphs and there are some “thirty diagrams in the 
text. R. 8. R. Freres 


THE ARADIDAE 


Classification of the Aradidae (Hemiptera-Heterop- 
tera) 


By Robert L. Usinger and Ryuichi Matsuda. Pp. 
vii +410. (London: British Museum (Natural 
History), 1959.) 80s. 


HE Aradidae are a small family of mycetophilous 

bugs mostly occurring on or in wood of forest 
trees. Before the appearance of this book they 
comprised some 64 genera and 685 species, and had 
not been comprehensively studied since the time of 
Stil. As Prof. Usinger pointe out, accident and 
mischance held back taxonomic advances in this 
group; but the dispositions made in the present 
work result so extensively from the study of new 
material that it would seem unlikely that they would 
have been anticipated had earlier work been com- 
peted on the basis of existing collections. 

The arrangement is logical and the presentation 
easy to comprehend. At the beginning, 28 pages, 
illustrated with 20 figures and two plates, are devoted 
to morphology, and facilitate interpretation of the 
descriptive text. This section is furnished with a 
separate bibliography. Seven pages are devoted to 
the biology of Aradidae, and as most of these are 
occupied by & long table of plant associates, it is 
evident that almost everything has yet to be learned 
about the preferences of species for their fungal 
substrates. Nevertheless this section is tersely 
written, and conveys a substantial amount of 
information. Geographical distribution is treated in 
the eight pages which follow, in which a tabular 
synopsis of generic distribution between seven 
zoogeographical areas is followed by a discussion of 
salient points. The reader will find it necessary to 
seek amplification of the data in the descriptive part 
of the text, especially with regard to the genera 
pigeon-holed in the ‘Neotropical’ column. 

The classification itself occupies 326 pages, and (to 
quote Prof. Usinger) ‘‘is, in effect, a generico classifi- 
cation . . . with new species described only when 
necessary to validate new generic names or when 
desirable to elucidate little-known groups”. The new 
maiter comprises two subfamilies, fifty-nine genera 
and about eighty-two species, and almost doubles 
the number of genera hitherto known, and increases 
the number of species by nearly 12 per cent. 

In Aradidae, as elsewhere, it is not easy to recognize 
close relationship through common ancestry as 
opposed to parallel evolution, and the authors have 
judiciously used zoogeographical data as a criterion 
of natural relationship. This serves to throw into 
prominence the anomalous cases which remain, such 
as the distribution of species of Ctenoneurus (Austral- 
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asia and West Africa). Lists of species are provided 
after each genus, and sometimes keys, but “only 
where they are up-to-date or complete on the basis 
of work done by the senior author in European 
Museums in 1948-49”. The descriptions are uniform 
and exhaustive; but the bizarre contours of an 
aradid give especial point to the dictum that a 
drawing, however crude, is better than a torrent of the 
most carefully selected adjectives, and the authors 
have percipiently illuminated the text with superb 
line illustrations. In large part their inclusion was 
made possible by a grant from the Trustees of the 
British Museum, and readers will applaud their 
action. The book is completed with a bibliography of 
eighteen pages and an index to all taxonomic cate- 
gories in the family. R. Q. FENNAH 


PARASITES, IMAGINARY 
AND REAL 


Parasites and Parasitic Infections In Early Medicine 
and Science 

By Prof. R. Hoeppli. Pp. xiv-+526+423 plates. 

(Singapore: University of Malaya Press; London: 

Oxford University Press, 1959.) 25 Malayan dollars ; 

63s. not. 


EINHARD HOEPPLI is known to parasitologists 
as the author of many papers on helminthic and 
other parasites and various aspects of parasitism. 
His work during the past forty years has been con- 
cerned with experimental parasitology and pathology 
as well as morphology gnd taxonomy, but sometimes 
he has written, with or without collaborators, on 
ancient knowledge in this field. Such papers on the 
history of his subject have appeared more often during 
the past ten years and they seem to have formed the 
basis of this meticulous book, which is divided 
unequally into three ; 

Part 1 (11 chapters and 269 pages) deals with the 
earliest period up to the middle of the seventeenth 
century, covering such topics as the knowledge of 
parasites, clinical symptoms, imaginary and false 
parasites, the doctrine of spontaneous generation, 
therapeutic and cosmetic uses to which parasites 
have been put and the treatment and prevention of 
infection. 

Part 2 (12 chapters and 198 pages) concerns 
special parasitological subjects of historical interest 
such as malaria, dysentery, leeches and scabies in 
Chinese medicine, some early views shared by the 
people of Borneo, Malaya and China, and ancient 
opinions held by the indigenous populations of Fiji 
and Tahiti. One chapter discusses exchange of ideas 
concerning infections, and it may well indicate some 
of the ways in which parasites themselves were 
spread. 

Part 3 is a very short outline of 16 pages concerned 
with the increase in knowledge of parasites from the 
middle of the seventeenth century to the middle of 
the nineteenth, and this contains so many names of 
parasites and persons that other readers may also 
wish that the author had amplified this portion of his 
text. The book ends with a short conclusion, an 
appendix of 8 pages on the role of parasitic diseases in 
history, a subject index, an index of names, and 23 
plates illustrating ancient conceptions of parasites, 
imaginary perasites, magic treatment and various 
kinds of indigenous medical treatment in Sarawak. 
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The author’s aim has been “to give a picture of early 
parasitology by showing the actual knowledge of 
parasites and parasitic infections of the time together 
with prevailing ideas, common beliefs and errors 
formerly connected with parasites”. 

The book is largely anecdotal and discursive, and 
the author has given many quotations from early 
Chinese, Greek, Roman, Italian, French and German 
authors, together with translations of them. Much 
ancient lore about fears and superstitions, materia 
medica and whimsical forms of treatment is dis- 
played, and it ranges from the horrific to the mildly 
amusing. 

Imaginary parasites included the corpse worm, 
supposedly undergomg six transformations before 
finally appropriating the soul and leaving the patient's 
body to mfect a close relative with the wasting 
disease phthisis. Another was the echoing worm, 
which produced an abdominal echo whenever the 
patient spoke. One patient read the herbal ‘‘Pen 
Ts’a0”’ as far as the description of Lan (indigo plant), 
when theecho subsided. He then took some juice of 
Lan and was sick, and the echo was heard no more! 
Another petient read on as far as thunder pills, took 
some of these, and likewise cured himself. Silence 
was essential during the preparation of the medicine, 
because the parasite would refuse to emerge should it 
hear any word about the drug to be used. 

The reader is also reminded that pseudo-parasites 
flourished long after the compound microscope was 
pressed into service. For two centuries spermatozoa 
were regarded as Infusoria, and von Baer considered 
them to be a kind of cercaria. The doctrme of 
spontaneous generation is considered in its application 
to parasites and the possible origin of parasites as 
inborn entities is also reviewed. The Preformationist 
Vallisnieri believed that all future helminths, as well 
as all future human beings, were contained in the 
ovaries of Eve ! 

As proceeds, however, the impression 
lingers that this is not so much a book as a somewhat 
restricted and disjointed collection of papers. Indeed, 
12 chapters of Parts 1 and 2 are based on previously 
published papers, although this is indicated only by 
footnotes. Some chapters are scarcely worthy of the 
name, because they are short topics which would 
scarcely be missed if deleted. Chaptera 6, 7 and 8 in 
Part 1 and Chapter G in Part 2 are examples. The 
book contains much that is not strictly parasitological, 
for example, Chapter K, Part 2, which deals with the 
role of the Moon in biology and medicine. In only the 
short third section (3 pages of notes) are parasites 
mentioned, and the chapter ends with the conclusion 
that “no such (supposed) influence has ever been 
proved”, reported cases falling down under “‘scientific 
criticism’ or being ‘‘pure superstition’’, 

Yet, Prof. Hoeppli’s book deserves to be widely 
read by parasitologists, as no doubt it will be, though 
its theme fosters the view that there is somethi 
horrific about parasites, which work towards the 
discomfiture and often the destruction and death of 
their hosts. This may well be true of many of the 
parasites of man and domesticated animals, but it is 
an maccurate conception of parasitism. The book 
does show that many errors of judgment have gone 
in procession down the ages, which may have a 
salutary effect on parasitologists who accept over- 
readily what has passed before as irrefutable truth. 
In such a way, this book may act as a spur to further 
research. BEN Dawes 
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PROGRESS IN PLANT 


PATHOLOGY 


Plant Pathology 

Problems and Progress, 1908-1958. Edited by C. 8. 
Holton, G. W. Fischer, R. W. Fulton, Helen Hart, 
and 8. E. A. McCallan. Pp. xix+688. (Madison, 
Wisconsin: University of Wisconsin Press, 1959. 
Published for the American Phytopathological Soci- 
ety.) 8.50 dollars. 


Plant Pathology 

An Advanced Treatise. Edited by J. G. Horsfall and 
A. E. Dimond. Vol. 1: The Diseased Plant. Pp. 
xiv-+674. (New York: Academic Press, Ine. ; 
London: Academic Press, Inc. (London), Ltd., 
1959.) 22 dollars. 


N design and purpose these two books are very 
different but each reflecte the progress ın plant 
pathology that has taken place during the present 
century, and each is the result of an international 
effort to present an accurate picture of the stage 
reached. One is the published record of the 1958 
golden jubilee meeting of the American Phyto- 
pathological Society, which took the form of a series 
of seven major reviews and nine academic symposi 
chosen to cover all the important facets of plant 
pathology. The meeting and the book were carefully 
planned in advance, with the written part subject to 
certain manuscript specifications that controlled the 
form but not the content of the contributions. The 
other was designed to present an integrated synthesis 
of the parts of plant pathology for the advanced 
student. Its framework was constructed with 
enthusiasm by two ished editors with 
unconventional ideas, who have left their impress 
in greater or less degree on the content as well as on 
the form of the contributions. The jubilee volume is 
self-contained, and is essentially a record, if a selective 
one, of research carried out: the treatise, with a text 
about two-thirds the length of the other and decidedly 
more expensive, is only the first of three volumes 
which together are intended to provide a compre- 
hensive theoretical treatment of plant pathology. 

The first part of the jubilee volume is devoted to 
addresses given by Prof. E. C. Stakman and six other 
American plant pathologists of international standing. 
They review the status and role of plant -pathology 
in the scientific and social development of the world, 
its growth in North America and the part played by 
the American Phytopathological Society, as well as 
certain landmarks in control of disease through host 
resistance and by the use of chemicals. The symposia, 
which make up the rest of the book, cover such 
diverse topics as the physiology of parasitism, the 
genetic mechanisms governing pathogenicity and 
disease resistance, soil fungi, the structure and 
multiplication of viruses, epidemiology, fungicides, 
and the concepts and problems of nematology. It is 
only meet and right that most of the contributions 
should issue from North America, but there are 
eleven from Britain, including five from Rothamsted, 
together with a few from Australa, South Africa, 
Germany and the Netherlands. The inclusion of a 
section on nematology in a work on plant pathology 
is no longer the surprise it was to the British plant 
pathologist, who is likely to find heavier going in the 
plant virus section, though once again F. C. Bawden 
displays his great skill in lucid presentation. The 
history of the American Phytopathological Society 
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and of its journal Phytopathology makes interesting 
*reading. The Society, which began with a subscription 
of 50 cents and 130 charter members, 18 now nearly 
2,000 strong. Its origmator, C. L. Shear, wag the 
first secretary-treasurer and L. R. Jones the first 
president. The book is very good value for 
monsy. 

In the ‘‘Treatise”’ the diseased plant is the mportant 
object and the pathogen takes second place. Indeed, 
it is relegated to a second volume which will focus 
attention on the pathogen, on techniques mhibiting 
it, and on pathogenicity, while the third volume will 
cover the public health aspects of the subject, 
including disease epidemics and their control. In this 
first volume there are a few introductory chapters on 
the history of plant pathology, its relationship to 
other scientific disciplines, and losses caused by 
disease, but the text is largely devoted to the suffermg 
plant, to pathological processes, defence mechanisms, 
predisposition and therapy. As the editors make 
clear in their prologue the main theme revolves round 
the pathological processes, and it is on these processes 
that diseases must be classified. Thus we read about 
tissue being disintegrated instead of about necrosis ; 
about growth being affected rather than morbid 
anatomy; and about water deficiencies rather than 
wilts ; but the result is not always very different from 
what one is used to. The general standard of the text 
is high, though rather diffuse in places. Nearly half 
of it was written in the United States, but there are 
five contributions from Europe and Asia, with 
the promise of substantial British participation 
in the two volumes still to be published. 

: W. C. Moors 


MYCORRHIZA 


The Biology of Mycorrhiza 

By Dr. J. L. Harley. (Plant Science Monographs.) 
Pp. xiv+234-+-11 plates. (London: Leonard Hill 
(Books), Ltd., 1959.) 8658. net. 


HIS publication ıs an important event in the 

progress of research on mycorrhiza. Dr. Harley 
provides us with a clear account of what is known in 
this field (hitherto notorious for its confusion) and 
stows also,where the considerable gaps ın our know- 
ledge le. It will be surprising and disappointing 
if this stimulating monograph does not benefit 
both the quantity and quality of future research on 
mycorrhiza. 

It 18 about eighty years since Frank first noted the 
widespread association of root and fungus which he 
termed ‘mycorrhiza’. Since then a great deal of work 
and thought has been given to these organisms, but 
perhaps without commensurate increase in under- 
standing. Difficulties are obvious : the structures are 
hidden in the soil; the small scale, especially of some 
of the fungus partners, hmders anatomical study ; 
culture of one partner without the other is often 
difficult or impossible; and certain appropriate 
techniques have only recently become available. 
Apart from such technical difficulties, this complex 
subject seems to have attracted an excess of sterile 
hypothesis and slipshod thought. 

It 18 the virtue of Dr. Harley’s monograph that it 
carefully pomts out these areas of imperfect experi- 
mentation and thought (and language: the index 
includes ‘“Thamniscophysalidophagy, term not used 
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on page 195”). Having done so, it avoids further 
treatment of these aspects, and concentrates on the 
firmer ground, incidentally revealing outstanding 
problems where research may most usefully be 
applied. In several fields Dr. Harley has been able to 
develop arguments that enhance our appreciation of 
the significance of mycorrhizal phenomena; for 
example: (1) he has pointed out that all roots 
growing in soil are inevitably surrounded by and 
interacting with special local populations of micro- 
organisms, and that the mycorrhiza is a special case 
of this general relationship; {2) studies made by 
Dr. Harley and his students using labelled phosphate 
and excised beech mycorrhizas enable him to outline 
the general mechanism by which ions are actively 
absorbed and accumulated by the fungal sheath 
and afterwards transferred to the root; (3) by 
stating the evidence for and against nitrogen fixation 
by the fungi of ericoid and orchid mycorrhizas, he 
makes 1t clear that the widespread acceptance of the 
hypothesis that these organs fix nitrogen is unjusti- 
fied. Z 

The literature of mycorrhizas is scattered, since 
it enters the fields of plant physiology and anatomy, 
mycology, forestry, and sou science. Some. of the 
publications are not easily available, and a number 
are in languages that most workers cannot read. 
Consequently the collection of recently published 
material in this monograph will be particularly 
useful to those embarking on research. For students, 
too, this book is bound to be valuable, though it 
would have been more attractive and useful to them 
if the plentiful illustrations promised by the pub- 
lishers were in fact present. The only anatomical 
figures are a transverse section and partial longi- 
tudinal section of beech mycorrhizas, and three 
figures of aseptate hyphe and vesicles. This 
deficiency is only partially alleviated by some 
plates. 

The mycorrhizal condition is not merely an 
absorbing problem for academic research. It is a 
condition that is “‘at least as usual amongst the seed 
plants as the unmfected state’; and phycomycetous 
mycorrhiza, of which astonishingly little is known, 
occur in many important crop plants—date-palms, 
cocoa, tea, coffee, legumes, cereals, and grasses. If 
the symbiosis is highly integrated it may be satis- 
factory, for ecological and agronomic purposes, to 
treat the dual organism as a single unit ; but it is not 
certain that integration is as complete as this. For 
applied purposes, therefore, as well as in its own right, 
mycorrhizal research is needed; and for such 
research this excellent book will be a stimulus and 
guide. J. WARREN WILSON 


THE BANANA 


Bananas 

By N. W. Simmonds. (Tropical Agriculture Series.) 
Pp. xvi+466+93 photographs. (London: Long- 
mans, Green and Co., Ltd., 1959.) 456. net. 


VAST amount is now known, and has been 

written, about many of the major crops. When 
that crop is an exotic one like the banana, cultivated 
virtually throughout the tropical belt and also in 
many sub-tropical regions as & prime source of food 
and other commodities, then we have indeed an 
unusually rich and varied subject for the scientific 
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writer, especially if his intereste are liberal. Bananas, 
in their considerable variety and diversity, afford 
interesting materials not only for the professional 
botamst and agriculturist but also for those who 
concern. themselves with the early history of man and 
his migrations. In some parts of the world bananas 
are, of course, very big business. An adequate 
account of all these aspects, and many others, 1s now 
available m the up-to-date book prepared by Mr. 
N. W. Simmonds, formerly senior cytogeneticist 
at the Imperial College of Tropical Agriculture, 
Trinidad, ° à - 

The book contains chapters on the general botany, 
morphology, anatomy, composition, and systematic 
position of species of the genus Musa. Other chapters 
deal in a very thorough manner with the classification 
and nomenclature of wild and cultivated varieties, 
and with the cytology, genetics and breeding of 
commercially useful hybrids. ‘These constitute the 
most important scientific parts of the book, including 
as they do much of the author’s personal contribution. 
There are also accounts of the agricultural manage- 
ment of the crop, its major diseases and pests, and 
the handling and mpening of the final product—the 
bunch and individual fruits. Of course, the banana, 
is & very remarkable plant and the general reader 
will almost certainly derive both pleasure and interest 
from the chapters dealing with the history of the 
industry and the uses to which the fruit can be put ; 
for bananas can not only be eaten as dessert fruits : 
they can be cooked in various (?) attractive ways, 
made into sweets and powder (flour), dried into 
‘chips’ and ‘figs’, brewed into beer, and so on. Such 
a commodity could scarcely fail to have many 
medico-magical uses. The *book is handsomely 
illustrated by plam and coloured photographs and 
line drawings, while certain general phenomena are 
depicted by means of ingenious diagrams. 

By his novel and attractive treatment of this 
major tropical plant, Mr. Simmonds has contributed 
an important work of scholarship, rich ın its botanical 
and scientifie content ; and because of its directness 
and lucidity, it may well have @ more general 
appeal. 

The book will certainly be read with appreciation 
by members of the planting community and by 
research workers. Indeed, m my opmion, no book 
on the banana of equal status and content has 
hitherto been published. C. W. WARDLAW 


TROPICAL ANIMAL HUSBANDRY 


An Introduction to Animal Husbandry in the 
Tropics 

By G. Williamson and Dr. W. J. A. Payne. (Tropical 

Agriculture Series.) Pp. xix+435+48 plates. 

(London: Longmans, Green and Co., Ltd., 1959.) 

48s. net. 


HIS is a book with a large number of facets. 

While written for the animal husbandman in the 
tropics, for whom it will be invaluable, it incidentally 
gives much information of physiological, zoological, 
nutritional and sociological interest. 

The earlier chapters are devoted to scientific 
information on conditions in the tropica—a description 
of climates and the direct effects of them on the 
animal through solar radiation, temperature, humidity 
and daylight hours, as well as the indirect effects 
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through feed supply. Prevalent infections and insect- 
transmitted diseases with remedial measures are 
described. Nutrition is approached from a wider 
angle than is to be found in the usual text-book. 
Prominence is given to things such as water supply— 
the number of days different species can do without 1b 
and the amount they drink. Types and nutritional 
value of vegetation to be found under different 
climatic conditions are described. The rapid growth 
and seeding of plants m the tropics and the longer 
growing period in many Areas which lead to practices 
such as burning and standing hay are discussed and 
better methods suggested. 

In the chapters devoted to husbandry some typical 
tropical breeds in each species are described. The 
whole range of husbandry practices from the very 
primitive to modern methods is detailed—from 
the kraaled cattle at night m Africa, where short-day 
grazing limits production, to the modern methods 
adopted by the Aarey Milk Colony in Bombay; and 
from the primitive fermentation method of hatching 
hens eggs to the use of the modern incubator. Com- 
parisons of production in temperate as compared with 
tropical zones are also given. While in Western 
Europe 660 lb, of milk are produced per capita of 
the human population, Africa only produces 46 Ib. ; 
again, there are five times as many sheep, only half as 
many goats and twice as many pigs in the temperate 
as compared with the tropical zones. 

Of particular interest are the chapters written by 
experts on special subjects. The buffalo produces 
most of the milk consumed in India and Egypt in 
spite of the fact that its heat-regulating powers are 
not so good as those of the zebu. Camels produce e 
calf only every other year and the period of rut in the 
male, induced by lengthening days, lasts only for a 
period of about three months; if deprived of water 
they can drink up to 20 gallons at a time, an amount 
which would result in water intoxication im other 
species. An account of the African nomad, the 
circumstances which cause his mode of life and ways 
in which he could be settled are also outlined. 

Throughout the book references are given to the 
more important original papers dealing with livestock 
production in the tropics. JOHN HAMMOND 


ORGANIZATION, CONTROL 
AND SYNTHESIS IN 
MICRO-ORGANISMS 


Annual Review of Microbiology 

Vol. 13. Edited by Charles E. Clifton, in association 
with Sidney Raffel and Mortimer P. Starr. Pp. 
vii+553. (Palo Alto, Calif.: Annual Reviews, Inc., 
1959.) 7 dollars. 


HE past two decades have seen the transformation 

of microbiology from an ‘applied science’ to a 
subject which is making fundamental contributions 
to many and varied fields of biological research. As 
the ever-increasing mass of publications so amply 
testifies, it is a subject still ın its logarithmic phase of 
growth and thus the demand for concise and critical 
surveys of recent advances becomes greater year by 
year; for the past twelve years “Annual Reviews of 
Microbiology” have met this demand. The thirteenth 
volume in this series will disappomt no one; it 
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contains twenty-one articles which cover aspects of 
microbiology ranging from the biosynthesis of 
macromolecules to the intriguing subject of ‘uni- 
cellular clocks’. 

Microbiological research in recent years haa been 
dominated by the problems of biosynthesis, intra- 
cellular organization and mechanisms of biological 
control ; one third of the contributions in this volume 
are concerned with these questions. Roberta, 
McQuillen and Roberte, in an article entitled ‘‘Bio- 
synthetic Aspects of Metabelism”’ present an admir- 
able account of current views on the is of 
protein, ribonucleic and deoxyribonucleic acids. They 
discuss recent advances under four headings : first, 
those made by using purified enzyme preparations, 
second, reactions which are observed with cellular 
fragments, third, reactions of intact cells, and finally, 
the effect of various inhibitora and certain biological 
or physical disturbances on biosynthetic reactions. 
A more specialized aspect of the biosynthesis of 
macromolecules, the synthesis of antibodies, is 
discussed in an article by Bussard. 

Genetic control of biosynthesis forms the subject- 
matter of two reviews. The first, by Demereo and 
Hartman, surveys knowledge of the complex struc- 
ture and chromosomal arrangement of gene loci 
concerned with sequential steps in biosynthesis. In 
the second, Hartman and Goodgal deal with the 
transfer of genetic material in bacteria, mediated 
either by cellular contact, free deoxyribonucleic acid 
or bacteriophage. The genetics of bacteriophage are 
discussed in a separate contribution by Bresch. 
Another aspect of biological contro] is presented by 
Hastings under the heading of “Unicellular Clocks”, 
in which he discusses the persistent diurnal rhythms 
which influence phototaxis, luminescence, sexual 
activity and cell division in certain flagellates and 

Ultimately, the biochemists’ concepts of synthetic 
mechanisms and the geneticists’ views of controlling 
mechanisms must be correlated with the cytologists’ 
interpretation of mtracellular organization. Clearly 
much remains to be discovered before such & cor- 
relation can be completed; however, Mitchell has 
attempted to fit together many of the available 
pieces of the ‘jig-saw puzzle’ under the title “Bio- 
chemical Cytology”: this is a most stimulating 
oontribution. 

Catabdlic aspects of metabolism surveyed include : 
fermentative metaboliam (Rabmowitz), sulphate 
reduction by bacteria (Postgate) and aspects of 
terminal respiration in micro-organisms (H. L. 
Kornberg). This latter review provides a valuable 
survey of evidence for the occurrence of the tri- 
carboxylic acid cycle in micro-organisms and indi- 
cates some of the difficulties and pitfalls encountered 
in the study of microbial oxidative processes. 

Other topics reviewed include: plant diseases 
(three articles); new antibiotics and the use of 
antibiotics in food preservation; the biology of 
Tetrahymena ; the physiology and development of 
Phycomycetes ; non-specific resistance to infections 
in animals ; immunological tolerance ; new viruses ; 
microbiological aspects of tissue culture. 

There can be no doubt that this volume will be of 
value to all who observe the devious ways of micro- 
or . The editors are to be congratulated for 
selecting such a wide and interesting range of oe 
and the reviewers for their courage and 
attacking, sorting and surveying such a formidable 
mass of data. B. A. NEWTON 
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BIOCHEMICAL DATA 


Data for Blochemical Research 

Edited by R. M. C. Dawson, Daphne C. Elliott, 
W. H. Elliott and K. M. Jones. Pp. xiii+ 299, 
(Oxford: Clarendon Press; London: Oxford Uni- 
versity Press, 1959.) 63s. net. 


CIENTISTS owe much to the patient endeavours 

of authors and editors of reference works such as 
“The Handbook of Chemistry and Physics”, “Docu- 
menta Geigy Scientific Tablgs’’ and the “Merck 
Index”. In the present book information which is of 
particular interest to biochemists has been collated. 

The subject-matter 1s sub-divided into fifteen 
sections, namely: table of biochemical compounds ; 
enzymes commonly used as laboratory reagents; 
buffers and physiological media; methods for the 
detection of biochemical compounds on paper; the 
properties of some ion-exchange resins; isotopic 
data; manometry; nomograms for manometer 
constants ; ammonium sulphate solutions; miscel- 
laneous reagents, tests and recipes; e acid-base 
indicators ; table of normalities; autoclaves: tem- 
perature-pressure conversion table; miscellaneous 
formule ; international atomic weights, 1955. 

More than half the book is devoted to the first 
section, which tabulates various features and pro- 
perties (structural formula, molecular weight, solu- 
bility, optical rotation, etc.) of about one thousand 
compounds of biochemical interest. The compounds 
are arranged in nineteen different groups, beginning 
with amino-acids, peptides and related nitrogenous 
compounds and ending with macromolecules. The 
type of information previded varies according to the 
particular needs of the group. Thus, spectral date are 
provided for porphyrins and related compounds but 
not for lipids and fatty acids. Wherever possible, 
general group references and references to methods 
of preparation and estimation are given and «4 
column of general remarks provides additional 
useful information. 

The chief merits of the book appear to lie in the 
first section and that on methods for the detection of 
biochemical compounds on paper. In the latter 
section the compounds are grouped appropriately, 
numerous references are given and the information is 
presented in a readily accessible form. Some of the 
remaining sections are of less-certain value and mater- 
ial sometimes appears to have been selected in an 
arbitrary manner. 

The editors have wisely stated that the book is not 
intended to be an exhaustive work of reference and, 
indeed, many readers will be disappointed that their 
own particular interests are not catered for. In spite 
of the editorial proviso it is surprising, for example, 
that such well-known compounds as fibrinogen, 
chitin, hyaluronic acid and chondroitin sulphates 
A, B and O are not listed under ‘Macromolecules’ in 
the first section. The important phosphato-sulphate 
nucleotides, discovered in 1956 by Lipmann’s group, 
are not listed with other nucleotides or, mdeed, 
anywhere in the book. The section on properties of 
some ion-exchange resins could surely have been 
extended to provide information on the important 
cellulose ion-exchangers. 

Several authors have contributed to the book and 
it is perhaps not surprising that some inconsistencies 
appear. Thus in the first section, under ‘‘Carbo- 
hydrates and Related Compounds”, the Haworth 
ring-form is used to formulate the compounds. In 
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contrast, under “Phosphate Esters, including Nucleo- 
tides”, the less appropriate Fischer-Tollens ring 
structure is generally used. Hydroxymaleic and 
hydroxyfumaric acids are correctly formulated in 
cts and trans forms respectively. The unsubstituted 
acids, however, are given identical structures. 

As a complete reference work for biochemistsa the 
book has obvious limitations. However, as an 
adjunct to the works mentioned in the A 
paragraph of this review, the book will undoubtedly 
be of value to most biochemical laboratories. 

K. 8. Dopeson 


GENERAL BIOCHEMISTRY 


Traté de Biochimie Générale 
Par M. Javillier, M. Polonovski, M. Florkin, P. 
Boulanger, M. Lemoigne, J. Roche et R. Wurmser. 


Tome 1: Composition Chimique des Organismes. 
Premier Fascicule: Pp. 1v+1-706. Deuxième 
Fasciculg: Pp. ıv-+707—1475. (Paris: Masson et 


Cie., 1959.) Broché 22,000 francs; Cartonné toile 
24,500 francs les deux volumes. 


HE undertaking of a five-part treatise on general 
biochemistry is a formidable enterprise. The 
. rapidity with which the subject is developing at the 
present time sometimes induces in potential authors 
of books on it a continued temptation to procrastinate. 
Their answer to a suggestion that they might write a 
book often follows this sort of pattern: “The subject, 
particularly those parts of it in which I am most 
closely concerned”, they say, ‘‘is so rapidly advancing 
at the present time that nò general review of it is 
worth while recording in a book” ... “But in one 
year’s tıme, perhaps two, the air should have cleared 
and I shali be able to write an account which is much 
more satisfactory than anything that can be produced 
to-day”. It is always to-morrow that there will be jam 
for tea; never to-day. 

Fortunately, not all are so faint-hearted or cautious. 
It is perhaps natural that, in the language of the 
country which bred the first modern encyclopsedista, 
a group of distinguished French-speaking biochemista, 
most from France itself, should have decided to 
undertake the task of imprisoning within the limits 
of a few thousand pages the essentials of a subject 
which, perhaps more than any other, resembles 
Proteus in modern guise. 

The Board of Editors consisted of Profs. M. 
Javillier, M. Polonoveki, M. Florkin, P. Boulanger, 
M. Lemoigne, J. Roche and R. Wurmser, with P. 
Bo and J. Polonovski acting as secretaries. 
Although Prof. M. Polonovski was killed in a road 
accident soon after the plans had been agreed, and 
M. Javillier also died before the completion of the 
work, the remaining editors decided to continue 
along the agreed lines, and the first section, in two 
parts, ia now published. The complete work will fill 
three tomes, ane. five parts altogether. 

The two parts of the first section are devoted to a 
survey of the chemical composition of living matter. 
Introductory chapters deal with the elementary 
composition of organisms and their mimeral con- 
stituents, and then follow chapters on carbohydrates, 
lipids, in which are included sterols, steroids, caroten- 
oids, terpenes and terpenoids, and on organic acids 
and phenols. Some of Part 1 and most of Part 2 are 
taken up with treatises on amino-acids, peptides and 
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protems. A section on substances attached to 
proteins includes a useful review of alkaloids. Part 2 
concludes with a discussion of the associations 
formed between the substances dealt with, for 
example, lipid-protein complexes, antigen-antibody 
and enzyme-substrate complex formation, and a 
brief discussion of the borders of biochemistry with 
respect to organization and morphology. 

_ The editors and authors aim to present the prin- 
ciples of biochemistry which in their view are 
essential for students of chemistry and physiology, 
pharmacy and medicirfe, agriculture and ta BaO 
How far such an aim has been achieved will be clear 
from the completed work; but on the basis of the 
first two parts it can be said that no reason has yet 
emerged why the authors should not succeed in their 
ambitious enterprise. F. G. Youre 


ANTIGENS, TRANSPLANTATION 


AND TOLERANCE 


Biological Problems of Grafting 

A Symposium sponsored by the Commission Admin- 
istrative du Patrimoine Universitaire de Liége and 
the Council for International Organizations of Medical 
Sciences. Pp. xii+453. (Oxford : Blackwell Scientific 
Publications, 1959.) 650s. net. 


A SYMPOSIUM on the biological problems of 
grafting was held in Lidge during March 18-2], 
1959, under the chairmanship of Prof. P. B. Medawar. 
The number of participants was limited and most of 
them presented papers which, together with the 
relevant discussions, are now published in full.» A 
total of twenty-nine papers was given, ranging over 
most of the current controversial problems in trans- 
plantation. These include the identification of the 
transplantation antigens, the investigation of the 
mechanism of the homograft reaction, the means by 
which tolerance may be induced and its attendant diff- 
culties of the runt syndrome and homologous disease. 

A review by P. B. Medawar on iso-antigens gives a 
very useful introduction to this subject, and the 
papers by P. A. Gorer and J. H. Berrian and R. J. 
Jacobs detail important recent experimental work on 
transplantation antigens. The similarity between skin 
transplantation immunity and hypersensitivity of 
the delayed type in guinea pigs is discussed by Breftt, 
Brown and Medawar; they consider that their 
results support the hypothesis that reaction against 
skin homografts is mediated through cells rather than 
through serum antibodies. In a very interesting paper 
R. T. Prehn describes the effects of antigen dosage, 
route of administration and splenectomy on homo- 
graft reaction. He speculates that the spleen may 
play an important part in the prevention of auto- 
immunization as well as in the ‘enhancement’ pheno- 
mena by producing an immunity-inhibiting antibody. 

Hasek reviews the various methods of inducing 
tolerance, and Haskova reports that although trans- 
plantation antigens are present in cell-free extracts 
such extracts fail to induce tolerance. Mitchison 
describes some original experiments on blood trans- 
fusion in the fowl and shows that in this system the 
persistence of tolerance is dependent upon the 
persistence of the antigen. This paper provoked 
interesting and stimulating discussion on the nature 
and mechanism by which tolerance is induced and 
sustained. 


52 Supplement to NATURE of April 2, 1960 Vou. 186 


Several papers dealt with the allied problems of the 
runt syndrome and homologous disease, and ample 
eevidence is presented to support the thesis that both 
these phenomena are due to the immunological 
reaction of foreign cells against a tolerant host. 
Simonsen. and Jensen describe an ingenious graft 
versus hogt assay, and Gorer and Boyse suggest that 
the destruction of host lymphoid cells and tissues may 
be in the nature of an allergic reaction. 

One gains the impression that this symposium was 
of great interest and benefit to those who participated, 
since many of the most interésting ideas and specu- 
lations were brought out in the addenda and dis- 
cussions. ‘The editors, organizers and publishers are 
to be congratulated on the speed of publication (the 
book was avaiable at the end of last year) although 
the presentation of the book has suffered thereby. 
There are several errors in the lst of contents and the 
absence of an index is a marked disadvantage both 
to the general reader and to those seeking a work of 
reference. The composition and arrangement of the 
twenty-nine papers varies considerably ; only eleven 
had summaries and of the four papers in French only 
two had summaries in English. The collection of the 
material under appropriate subject headings would 
have been advantageous. For example, although the 
problem of overcoming the practical difficulties 
inherent in transplantation is considered in some 
papers the data are not presented in such a way as 
to be readily accessible to surgeons and others with 
little time to read all 453 pages. 

However, this is a comprehensive volume of papers 
for workers in this field and the reviews of recent 
work would be useful for those already familiar with 
current trends. D. M. V. PARROTT 


GENERAL PHYSIOLOGY 


Principles of General Physiology 

By W. M. Bayliss. Fifth Edition by Dr. L. E. Bayliss. 
Vol. 1. Pp. xui+520; Vol. 2. Pp. xxi +848. 
(London: Longmans, Green and Co., Ltd., 1959 and 
1960.) Vol. 1, 55s. net. Vol. 2, 90s. net. 


A Textbook of General Physiology 

By Dr. Hugh Davson. Second Edition. Pp. xvi+ 
846 +32 plates. (London: J. and A. Churchill, Ltd., 
1959.) 848. net. 


N 1916 appeared the first edition of “Bayliss” and 
in 1951 that of Davgon. Claude Bernard had 
defined general physiology as “the study of pheno- 
mena common to plants and animals’. William 
Bayliss, in the first edition of his “‘Principles’’, had 
adopted Burdon-Sanderson’s definition “the study 
of the endowments of living materials’. Dr. Davson 
indicated that in practice Bayliss restricted this study 
to those aspects of living materal which showed 
some immediate prospect of bemg described in terms 
of the known laws of physics and chemistry. 

He referred to the fact that Dr. Leonard E. Baylias, 
son of Sir William Bayliss, was preparing a fifth edition 
of his father’s “Principle”. Despite the years since 
it was first written (1916) and since its last edition 
in 1924, it still led the field. This fifth edition shows 
changes in format, in ambit and approach, so marked 
that even the publishers seem uncertain as to the 
author. On page iii (the title-page) it is described 
as by L. E. Bayliss ; on page iv as the “Fifth Edition 


of W. M. Bayliss’s Principles by L. E. Bayliss”. 
What does it matter ? The genetic interrelationship 
is so close that the initials are almost of no importance. 
Dr. Leonard Bayliss has had a bigger task, which he 
has accomplished by scrapping entirely the old book 
and writing two volumes, one largely on physical 
chemistry ın its own right and a second (entitled 
“General Physiology”) on the applcations in living 
material. In this, he has been singularly successful, 
for the internal classification within these volumes is a 
physiological classification based on function and not 
on morphological systems. This he has illugtrated by 
studying phenomena at all levels in botany, zoology 
and microbiology. He has some beautiful discussions 
on the applications of modern physics in even more 
modern biology, particularly in the chapter on 
servo-mechanisms. 

Dr. Davson’s book has three new chapters, on 
“Sensory Response’, on “Excitability of Cardiac 
Muscle” and on “Electrical Activity in Smooth 
Muscle’. He stresses functional energy in metazoa 
and particularly in the integrated vertebrate. He is 
therefore most informing when discussing the under- 
lying biophysics of mammalian physiology. He has 
also been able to focus on the last decade aspects of 
cell structure, particularly the work of Watson and 
Crick in regard to inclusion bodies, nucleo-protein, 
the cell membrane, protein synthesis and viruses. 

General physiology is splitting into biophysics and 
biochemistry, and biomathematics. The recent 
finding of polarization in light commg from Mars, 

esting absorption bands reminiscent of carbon- 
hydrogen chains and of cellulose, points to a bio- 
astronomy. The physicist is making serious en- 
deavours to utilize models as an aid to inter- 
pretation of the nervous system. Sir Cyril Hinshel- 
wood, ın his presidential address to the Royal Society 
last year, suggested the time ia ripe to apply modern 
scientific disciplines to the study of the paranormal 
phenomena of extra-sensory perception. The all-m-all 
book embracing the whole of general physiology is 
going to be more and more difficult to write and 
maintain. 

These two branches, from the root stem Sir William 
Baylies, are most impressive ; each author has had a 
somewhat different task, each has worked differently 
and each produced a book that is mvaluable. What is 
both interesting and important is that, while different, 
they integrate and reciprocate with each other and 
the possession of one is no reason for not possessing 
the other. A. Sr. G. Huecrrr 


ANALYTICAL CHEMISTRY 
OF POLYMERS 


Analytical Chemistry of Polymers 

Edited by Gordon M. Kline. Part 1: Analysis of 
Monomers and Polymeric Materials: Plastics— 
Resins—-Rubbers—~-Fibres. (High Polymers: a 
series of Monographs on the Chemistry, Physics and 
Technology of High Polymeric Substances, Vol. 12, 
Part 1.) Pp. xviii+666. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1959.) 126s. 


| ete dareange. the term high-polymers covers 
vinyl plastics, condensation polymers—important 
in the synthesis of fibres, resins and drying oils— 
natural and synthetic rubbers, proteins, ion-exchange 
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resing and many other special classes. In each of 
these fields special procedures for physical and 
chemical analysis have been developed and their 
description is widely scattered throughout the 
literature, in industrial specifications and in research 
reports. 

This book, which is the collective work of twenty- 
six authors who are all members of the steff of 
American, industrial concerns, brings together in one 
volume methods of analysis which have been used 
successfully in the determination and testing of 
commercial monomers and polymers. The methods 
for the determination "of physical properties and 
chemical composition of each of the major mndustrial 
polymers, namely, acrylic plastics, alkyls, amino- 
resins, cellulose derivatives, epoxy resins, ethylene 
and fluoroethylene polymers, furan resins, natural 
resins, phenolic resins, polyamides, polyesters, pro- 
teins, rubbers (natural and synthetic), silicones, 
styrene monomers and polymers, vinyl polymers and 
co-polymers, and synthetic and natural fibres, are 
summarized in & separate chapter. 

In each cpse methods are described for the assay 
and determination of pertinent rmpurities in the 
monomers; this is followed by 4 discussion of 
analytical problems of identification and charactert- 
zation of the- chemical composition and physical 
properties of the polymers. Special chapters are 
devoted to plasticizers, ion-exchange resins and 
drying,ous. In general, the main features of the 
analytical method and apparatus used are described 
and the reader is referred to the original publication 
for detailed directions. In cases where the methods 
have not been previously published, full details of 
the procedure are given. š 

The book provides the best survey and compilation 
I have seen, and it should be of great use to the 
practising polymer chemist and analyst. The editor 
has been successful in bringing together a very 
valuable collection of information on polymers, and 
im the second volume, which is in preparation, it 1s 
intended to cover the subjects of molecular structure 
determination, chemical group analysis and identifi- 
cation procedures for polymers. 

C. E. H. Bawn 


THE ORGANIC CHEMISTRY 
OF SULPHUR 


Aspects of the Organic Chemistry of Sulphur 

By Prof. Frederick Challenger. (Organic Chemistry 
Monographs.) Pp. vii+263. (London: Butter- 
worths Scientific Publications ; New York: Academic 
Press, Inc., 1959.) 40s.; 7.50 dollars. 


CONSIDERABLE portion of Prof. F. Challen- 
A ger’s researches have been concerned with 
organic derivatives of sulphur, and a book on this 
subject written by him is greatly welcome. He has 
chosen six topics to discuss, each as a separate 
chapter, and naturally occurrmg organic derivatives 
occupy a prominent position. Many of the subjects 
discussed are those which he has studied intensively 
in the course of his own work, and upon which he can 
therefore write with particular authority. 

The first two chapters, on “Simple Organic Com- 
pounds of Sulphur. Properties, Preparation and 
Biological Significance” and “Natural Sulphonium 
Compounds, Sulphides, Sulphoxides, Mercaptans and 
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Sulphido-amino Acids” respectively, cover appro- 
priately the widest fields, but even m discussing 
these comparatively simple classes of compounds the 
author has a fund of very interesting information on 
various points which will probably be novel to many 
organic chemists. 

The chapter on ‘‘Sulphur Compounds of Petroleum”’ 
affords an excellent account of this subject, and the 
discussion of the desulphurization of organic com- 
pounds by Raney nickel, its mechanism, stereo- 
chemistry, and various applications is of great value. 

Each of the remaiing three chapters forms a com- 
plete monograph in itself. “The Natural Mustard 
Oil Glucosides and the Related Isothiocyanates and 
Nitriles”’ starts with a& very interesting historical 
review of the early work on oil of mustard, and then 
covers the modern chemistry of a surprisingly wide 
variety of compounds in its 146 pages. Prof. Chal- 
lenger has worked on biological methylation since 
1931, and his chapter “Biological Methylation with 
Particular Reference to Compounds of Sulphur” 
gives, as one would expect, an authoritative and 
thoroughly comprehensive account of this subject. 
Among the many subjects discussed are the mechan- 
ism of biological methylation, the transmethylation 
from methionine and choline, and the formation of 
‘active methionine’ in enzyme systems and its syn- 
thesis in the laboratory : the chapter finishes with a 
discussion of the metabolism of ethanethiol, and the 
possible mechanism of its anti-tubercular effect. 
The last chapter is devoted to ‘‘Co-enzyme A, its 
S-acetyl Derivative and Related Compounds.” 

One quality of this book which greatly impressed 
me is that it is refreshingly readable. ‘This arises 
partly from the author’s clear natural style, and partly ` 
from his gift of presenting and discussing a consider- 
able amount of material in a deceptively unhurried 
manner, 80 that, although no words are wasted, the 
reader never feels that he is being ‘crowded’. 

This high standard of writing, combined with the 
author’s wide knowledge, makes one wish that he 
would now, with greater leisure, write a volume which 
would be the sulphur analogue of Sidgwick’s ‘“‘Nitro- 
gen’’, that is, a volume in which the preparation and 
properties of the various classes of organic sulphur 
compounds would be systematically discussed, and 
many features of therr chemistry critically assessed, 
without any attempt to achieve a comprehensive 
account. Several chemists have started on this task, 
and have fallen by the wayside en route: Prof. 
Challenger’s vigour and enthusiasm would take him 
safely—and still in emmently readable style—to the 
end of the task. F. G. Mann 


LIGHT-INITIATED ORGANIC 
SYNTHESIS 


Praparative Organische Photochemle 

Von Prof. Alexander Schonberg. (Organische Chemie 
in Emzeldarstellungen, Band 6.) Pp. xii+274. 
(Berlin: Sprmger-Verlag, 1958.) 58 D.M. 


OTOCHEMISTRY is perhaps still considered to 

be essentially the province of the physical chemist, 
yet durmg the past twenty-five years a vast amount 
of information has accumulated on the use of hght to 
initiate reactions leading to the formation of relatively 
simple organic molecules (as distinct from polymers 
of high molecular weight). Prof. A. Schonberg 


tet 
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directs attention through his book to the scope and 
utility of what is rapidly evening into an impor- 
tant section of organic che 

The topics covered by Prof, Schinberg include 
photo-isomerism ; photo-dimerization ; photo- 
chemical oxidation reactions; addition reactions 
with olefins and acetylenes ; photochemical reactions 
involving ketones, acids, acyl halides, anthracene 
derivatives, organic halides, etc.; cyolization re- 
actions; photohslogenation; and photochemical 
reactions of nitric oxide, nitro-compounds, diazo-, 
diazonium-, and azo-compounds, sulphur, arsenic, 
and mercury compounds. Reactions leading to the 
formation of high polymers are excluded as being 
outside the scope of the book. Prof. G. O. Schenk’s 
chapter on equipment available on the Continent is 
of less interest to British chemists than other chapters, 
but will nevertheless provide useful ideas for the 
design. of photochemical reactors and other apparatus. 
The book was completed in mid-1957, and literature 
up to the end of 1957 1s included as an appendix. 

Experimental details are given for numerous 
syntheses, and the high yields often obtained will 
encourage many organic chemists; however, it will 
often be necessary to read the original literature to 
ensure that the correct technique is being used. 

Many of the reactions described involve free 
radicals as intermediates, and although a brief 
summary of the mechanism or the probable course 
of the reaction is often given, the author wisely 
restrains himself from over-emphasizing this aspect, 
and concentrates on the preparative use of photo- 
chemistry. For full appreciation of the very many 
reactions discussed it will thus be necessary for a 

*newcomer to the field to read a standard text on free- 
radical chemistry. 

This book is a useful addition to chemical literature, 
even though the approach is essentially—and some- 
times disappointingly—non-critical. The printing 
and general lay-out are excellent, making the book 
easy to read and to use for reference. Some will 
doubtless wish for an English translation; most 
would prefer a price lower than £5 2e. Od. (44d. a page). 

R. N. HASZELDINE 


CHEMICAL NOMENCLATURE 


An Introduction to Chemical Nomenclature 
By Dr. R. 8. Cahn. Pp. viiit+96. (London: Butter- 
worths Scientific Publications, 1959.) 10s. 6d. 


HE ever-increasing tempo of scientific research 

the world over creates part passu new problems 
of communications between scientists. New pheno- 
mena providing evidence of a multiplicity of yet 
smaller and more perplexing sub-atomic particles— 
the traditional domain of the physicist ; new matter 
at molecular level formed by the almost infinite 
range of permutations and combinations of the near 
hundred atoms of the periodic table—the chemist’s 
field; each demands the utmost care in selecting 
terms with which to describe them if a scientific 
Babel is to be avoided. In the field of chemistry the 
International Union of Pure and Applied Chemistry 
has, through its various nomenclature committees, 
sponsored much excellent and fruitful study to which 
Dr. Cahn from Great Britain has contributed in no 
small measure. The present booklet is timely, especi- 
ally in view of recent new developments in inorganic 
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chemistry and the concomitant nomenclature changes. 
While there are no major changes of principle in 
organic nomenclature, it is in the inorganic field that 
older chemists will have to accustom themselves to 
some radical departures from old familiar names for 
common substances if they are to be systematic. But 
the Union is realistic when it refers to a system as 
“in use but not recommended” and Dr. Cahn is not 
remote from everyday chemical life when he says, 
“Probably it will die hard, for ferrous chloride comes 
more glibly off the older tongue than iron (If) chloride 
or ferrum (II) chloride or even iron dichloride; but 
it will probably die in timé”’. So did Charles II. 
Throughout, Dr. Cahn treats the intractable problem 
of reconciling usage with system in a friendly sympa- 
thetic style and pedantry rarely obtrudea. The prin- 
ciples are clearly stated and it should be possible for 
the chemist arriving at the substance NaH (PHO,PF,) 
to describe it correctly in his paper to the Chemical 
Society as sodium hydrogenhydrido-dioxodifluoro- 
phosphate, and equally for another chemist searching 
the indexes in the years to come to find and identify 
the entry. But much remains to be done, especially 
with the inorganic heterocycles involving P, N, B, 
$i, 8 and the rest, and Dr. Cahn and his colleagues 
would no doubt prefer that chemists did not spawn 
exotic new compounds unless they could be given a 
proper systematic name before a trivial (and possibly 
misleading) name gained currency in the literature. 
There is a challenge for the nomenclature or theoreti- 
cal research chemist to outstrip his experimental col- 
league and prepare the name ready for the substance. 
The organic section lucidly states current principles 
but contains one or two disconcerting errors. Thio- 
cresol O,H,Me.SH gould surely never have the 
systematic name toluene-w-thiol nor has gtycollic 
acid ever been HO.CH,.CH,.COOH. Dr. Cahn rarely 
nods and he should correct these errors. To perplex 
chemists there is @ Mitford-like disapproval of 
‘mesyl’ while ‘tosyl’ appears to be ‘U’ in some places. 
Half a guinea for such a small booklet is the price for 
quality, not bulk. H. J. BARBER 


ELECTRONIC} STRUCTURE OF; 
MOLECULES 


Die Methoden der Molekiilphysik und thre Anwend- 
ungsberelche 

Von H. Preuss. (Fortschritte der Physik, 1 Sonder- 

bend.) Pp. vii+167. (Berlin: Akademie-Verlag, 

1959.) 23 D.M. 


TRST of all, the title is wrong. For despite its 
label this is not an account of the methods of 
molecular physios. If it were, it would contain some 
discussion of statistical mechanics, perturbation 
theory, properties of angular momentum and of spin, 
influence of electric and magnetic fields on molecules, 
eto. In fact it is solely concerned with the electronic 
structure of molecules, the techniques used and the 
type of result obtained. 

Dr. Preuss is already well known to workers in the 
fiald of the wave mechanics of molecules as the 
author of a series of three books containing the 
numerical values of the various Coulomb and exchange 
integrals which play such a large part in it. The present 
book could be regarded as a compendium of the 
fundamental methods which are involved when using 


these integrals. 
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There is an introductory chapter on what is 
described as “Semi-empirical Theories”, followed by 
the two main chapters of the book, on theoretical, 
and semi-theoretical, calculations. This particular 
classification is not one that has hitherto been used to 
divide up the field. But it has a good deal to commend 
it. Previously it has been more custo to have 
separate chapters on the molecular-orbital method 
and the valence-bond method : and each chapter has 
covered both the ab tnti#to calculations and the semi- 
theoretical ones. To-day, however, no one wants to 
flog the old horse by arguing which is the better, 
since we know thaf for an attempted accurate 
calculation neither is satisfactory unless it is modified 
to such an extent that it merges with the other. The 
separation chosen by Preuss corresponds much more 
closely with the way that present-day work is being 
organized. On one hand there are those who want 
as exact an estimate of the energy and the wave 
function, as can be obtained. Ideally these people 
will use no empirical data whatever. On the other 
hand there are those who want to understand the 
reasons why molecules behave as they do—why, for 
example, their colour shifts to the red on methylation, 
or why carbon-hydrogen bond lengths are nearly, but 
not quite, constant. 

Of the two main chapters the ‘non-empirical’ one 
is the better and includes several theories such as the 
density matrix, and the method of configuration 
interaction, not usually covered in text-books : and 
also Léwdin’s natural spin orbitals. But it suffers 
from an undue emphasis on the two-electron atom. 
The chapter entitled ‘semi-empirical theories’ seems 
to be rather out of balance, with several huge lists 
of not very important numerigal results, and scarcely 
any serious attempt to provide a critique for the 
approximation being discussed. But it does give a 
useful survey of Moffitt’s method of atoms-in-mole- 
cules: and of the free-electron gas model. 

C. A. COULSON 


CHEMICAL THERMODYNAMICS 


An introduction to the Study of Chemical Thermo- 
dynamics 

By Prof. D. H. Everett. Pp. xx+240. (London: 

Longmans, Green and Co., Ltd., 1959.) 28s. net. 


Bases Fondamentales et Applications de la Thermo- 
dynamique Chimique 

Par Prof. Maurice Dodé. Tome 1: Les Principes, 
Les Systèmes I[deaux Gazeux, et avec Phases Con- 
densées Pures. Pp.iv +516. (Paris: Société d’Edition 
d’Enseignment Supérieur, 1959.) 4,000 francs. 

HE authors of these books are enthusiasts 

about thermodynamics, but with rather different 
outcomes to their enthusiasm. Prof. Everett shares 
the view of P. Duhem (1903) that the range of 
scientific studies to which thermodynamics is applic- 
able is extremely broad. There are aspecta of this 
universal discipline of interest to philosophers, 
mathematicians, physicists and chemists—we would 
now add biophysicista and biochemists to Duhem’s 
list—but different treatises are needed for each of 
these groups of savants. This makes it particularly 
important to prepare for such advanced treatises by 
introductory work carefully designed to lead in the 
appropriate direction. Eiverett’s book leads to 
chemical thermodynamics. He is well aware of the 
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confusion and boredom induced m future chemists 
by many introductory treatments of thermodynamics 
which stress the physical, philosophical or pseudo- 
engineering aspects, or which over-emphasize its 
mathematical elegance and rigorousness. To avoid 
these educational mishaps, Everett’s text starts by 
getting readers interested m the use of thermo- 
dynamic equations, and familiarized with accurate 
and quite complex symbolism before they are led to 
examine the fundamental laws of thermodynamics 
with any degree of profundity. The book is designed 
to serve the needs of university students up to pass 
degree level in chemistry, or as a subsidiary to main 
biological subjects. It leads on to more advanced 
treatises m a very effective way. The chapter on 
“Conditions of Chemical Equilibrium” seems par- 
ticularly noteworthy in an elementary book of this 
kind; there are many other useful sections. Not 
every reader will find mechanical analogies of thermo- 
dynamics m the text easier to follow than their 
thermodynamic counterparts, but there is no doubt 
that the book as a whole is a very valuable contribu- 
tion to the teaching of ‘chemical’ thermod cs in 
the all-important elementary stages. The book should 
promote confidence and accuracy in students, though 
the examples for working given in the appendix 
should probably be amplified and diversified for use 
in a teaching course. 

Like Prof. Everett’s book, the text by Prof. 
Dodé is intended to serve the needs of students of 
chemical thermodynamics, in this mstance chiefly 
industrial chemists and chemical engmeers. British 
readers will find it a much more untidy and probably 
& much less useful work. It is lees carefully contrived 
to induce a strong and accurate grasp of chemical 
thermodynamics by elementary students. Dodé’s 
book quite rightly stresses the usefulness and power 
of De Donder’s affinity function and refers rather 
charmingly to “L’affinité chimique, cette vieille 
notion restée si longtemps d'ordre sentimental”. But 
the text contains much extraneous matter of mainly 
physical, semi-historical or philosophical nature. 
Calculations of chemical equilibria are described in 
very considerable detail. Some of the material 
quoted seems rather out of date. More powerful 
and convenient procedures could be found, particu- 
larly in some of the American text-books quoted by 
Everett for further reading. A. R. UBBELOHDE 


A STRUCTURAL TOOL FOR THE 
CHEMIST 


Nuclear Magnetic Resonance 

Applications to Organic Chemistry. By Prof. J. D, 
Roberte. (McGraw-Hill Series in Advanced Chem- 
istry). Pp. viii--118. (London: McGraw-Hill Pub- 
lishing Company, Ltd., 1959.) 46s. 6d. 


HE nuclear magnetic resonance spectrum of an 

organic liquid, observed under high-resolution, 
provides the organic chemist with a pattern of lines 
characteristic of the molecule. The position and 
intensity of the lines and their multiplet splitting can 
in favourable examples tell him what groups are 
present in the molecule, and how they are joined 
together. He thus has yet another tool to help him to 
identify a product, confirm or reject a structure, 
distinguish between isomers, detect and measure 
chemical exchange, and determine the kinetics of a 
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reaction. The timely development by Varian Associ- 
ates of the necessary commercial instrument led to 
rapid and widespread exploitation of the method by 
organic chemists, particularly in North America. 

Although there are a number of learned works which 
dwell on the physical theory and practice of the 
phenomenon there was no book which provided a 
simple mtroduction to the less mathematically 
minded chemist. Prof. Roberts’s very readable 
monograph fills this want. Apart from an appendix 
there are only sıx equations inthe book. The essentials 
are introduced in a few well-chosen words, illustrated 
clearly, and doubtless expensively, by diagrams in 
three colours. It is assumed that the reader will be 
using the crossed-coil detection system, an assumption 
which was generally correct for this type of work in 
the past, but which is becoming less justified now 
that single-coil spectrometers are finding ther way on 
to the market. The orgame chemist is given an 
attractive presentation with well-chosen, examples of 
what this new tool will do. The physicist ia no less 
fascinated by the account of the chemical applications 
by a practising chemist. The book closes with an 
intriguing set of problems with which the reader is 
invited to beguile the time by identifying twenty 
pure compounds from their proton resonance spectra 
given only their molecular formulx. 

E. R. ANDREW 


THEORY AND PRACTICE 
OF SEDIMENTATION 


Ultracentrifugation In Blochemistry 

By Howard K. Schachman. Pp. xu+272. 
York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1959.) 8-80 dollars. 


HIS monograph is very welcome. The bibho- 

graphy lista more than two hundred papers 
dealing with technical innovations, new applications 
of sedimentation techniques and modifications and 
extensions of sedimentation theory which have 
appeared since the publication of Svedberg and 
Pedersen’s original book on the ultracentrifuge. It is 
& great asset to have this mass of work organized and 
critically discussed. 

” Dr. Schachman has restricted himself primarily to 
the description of the principles underlying the use of 
the analytical ultracentmfuge (preparative centri- 
fugation is not mentioned) and to a survey of the 
many applications which are of interest to bio- 
chemists. Throughout the monograph, though, the 
emphasis is on problem and technique rather than on 
the biochemical value of the results. Indeed the 
index contains only one entry relating to a specific 
solute, human serum, and this reference deals with a 
remarkable boundary anomaly which shows how 
difficult it can be to assess relative concentrations m a 
multicomponent system. The absence of data on 
specific macromolecules is perhaps mevitable, since 
there are very few results in the literature which 
meet the strmgent requirements of an error of only a 
few tenths of a per cent which the author demon- 
strates is now technically possible, and very few 
published photographs of schlieren boundaries will 
bear comparison with the beautiful examples to be 
found in this book. 

A comparatively short section on experimental 
aspects includes a description of the merits and uses 
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of the different types of cell now available and a 
general discussion of the principles and practical 
limitations of the schlieren, absorption, mterfero- 
metric and Lamm scale optics. Useful practical 
advice is also to be found in the later chapters. The 
interpretation of sedimentation data is dealt with 
succinctly, the reader being referred to the several 
excellent reviews available for more detailed discus- 
sion. The greater part of the monograph is devoted 
to an exposition of theory and practice in sedi- 
mentation velocity and sedimentation equilibrium 
experiments and the increasingly important method 
of determming molecular weights by the method of 
Archibald. In the section on sedimentation velocity 
experiments a clear differentiation is made between 
those aspects of analysis which are based soundly on 
theory and those, for example the extrapolation of 
results to infinite dilution, which are still essentially 
empirical. There are surprisingly large fields which 
have as yet received little or no theoretical investi- 
gation. The complexity of the computations required. 
to derive all the formation possible from any one 
set of experiments is well brought out and makes one 
echo the author’s hope that some of the labour will be 
reduced by the development of automatic scanning 
and registration techniques to replace the photo- 
graphic methods now in use. 

It is evident from the steady stream of papers now 
appearmg that the dramatic developments in the 
application of sedimentation techniques to biochemi- 
cal problems which has occurred during the last 
decade has by no means ended. Dr. Schachman’s 
monograph provides an admirable basis for the 
appreciation and assessment of future work. 

° K, V. SHOOTER 


CHEMICAL ANALYSES OF ROCKS 


Petrochemische Berechnungsmethoden auf Aqui- 
valenter Grundlage 

Von Prof. Conrad Burri. (Methoden von Paul 
Niggli.) (Lebrbucher und Monographien aus dem 
Gebiete der Exakten Wissenschaften. Maneralogisch- 
Geotechnische Reihe, Band 7.) Pp. 334. (Basel und 
Stuttgart: Birkhduser Verlag, 1959.) 38 Swiss 
francs ; 38 D.M. 


HIS well-produced volume deals with methods 

of recalculating chemical analyses of rocks 
(chiefly igneous and metamorphic rocks) on a com- 
parative basis, and the methods discussed are mainly 
those devised by the late Prof. Paul Niggli, of Zurich, 
though some reference ig also made to the calcu- 
lations of T. F. W. Barth and P. Eskola on the basis of 
anion, percentages and standard cells. 

The book is the most complete treatment of the 
methods of calculating the so-called Niggl values (st, 
al, fm, alk and go on) and of their use which has so far 
appeared, a use which has had a considerable vogue 
among European petrographers, but only a limited 
appeal to workers in Great Britain and in the United 
States. There is also a very full account of the Niggls 
norm, devised to supersede the Clark-Iddings- 
Pirsson-Washington norm, the disadvantage of which 
18 that the standard minerals used as a basis of calcu- 
lation rarely correspond completely with the actual 
mineral composition, or mode, of the rock. The 
Niggli equivalent-norm has the advantage that 
phases such as the amphiboles and the micas can be 
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represented in the calculations when they are present, 
but it would be a. mistake to expect, even using this 
method, any really exact correspondence between 
norm and mode. Indeed, the description of this book 
as & ‘Monograph in the Field of Exact Science” ıs, in 
the reviewer’s opinion, scarcely justifiable when the 
persistent maccuracy of the method, and of even the 
best of chemical analyses of rocks, revealed by the 
international investigations of the past ten years, is 
recalled. Many petrographers now doubt whether it 
is proper to base elaborate calculations or classifi- 
cations on buch a shaky foundation. However, for 
those who still enjoy this exercise, here is a work 
after them own hearts. The new tables of molecular 
percentages included as an appendix are probably 
the best so far produced, and there is a wealth of 
illustration of graphical representation of the regults 
of the calculations, for example, in triangular plots. 
The author rightly claims priority for ‘petro- 
chemical’ as a term to cover the chemistry of rooks 
and looks askance at the increasing use of the term to 
describe chemicals derived from petroleum. It might 
be suggestetl that the latter usage is now so widespread 
that 1t would be advisable to abandon petrochemical 
as a term of geology, and leave it to the chemical 
engineer. K. ©. DUNHAM 


GEOLOGICAL WAYS 
AND BY-WAYS 


Principles of Geology 

By James Gilluly, A. C. Waters and A. O. Woodford. 
Second edition. (Series of Geological Texts.) Pp. 
viii +534, (San Francisco: W. H. Freeman and 
Company ; London: Bailey Bros. and Swinfen, Ltd., 
1959.) 7.50 dollars; 64s. 


Bi © casa rato OF GEOLOGY” appeared in 1952 
when. it was welcomed as an original and stimu- 
lating book. Clear style, remarkably little jargon and 
arresting illustrations were obvious virtues. Now, 
after seven years, when the first edition has proved 
useful to teachers and taught alike, the second 
edition has appeared, printed on a larger page, 
setting off figures and plates advantageously. The 
sequence of the chapters has been logically re- 
arranged with a modicum of rewriting to meorporate 
some recent work and to expand the reviews pro- 
vided on certain topics. The authors have retained 
their approach of furnishing short sketches of the 
people, like Nicholas Demarest, for example, involved 
in making geological discoveries, or in the con- 
troversies arising from them. The principle of 
uniformitarianiam is sustained throughout, although 
some of the extraordinary incidents described as 
occurring in storms and floods supply live ammunition 
for the neo-catastrophists. 

The selection of examples of geological phenomena 
fulfils the condition that “all the world’s a stage”, the 
Old World and the New, continents and oceans alike. 
Thus an earthquake, landslide and turbidity current 
intimately related to one another are demonstrated 
from the Grand Banks in 1929; the quiet sinking of a 
large region shown by a swamped river system in 
Indonesia, while building-stones m Glasgow’s houses 
are used as evidence that deserts like those in present- 
day Nevada once existed where now flows the 
Clyde. 

To me the locating of Funafati as “not far from 
Tarawa of World War II fame” ıs a case of the 
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cart before the horse. In the new groupmg sedi- 
mentary rocks and the environments of deposition 
get a chapter to themselves, but we “go out through 
that same door where in we went” in that the origin 
of dolomite is stil mysterious. A later chapter 
commences with an account of the Lisbon earth- 
quake of 1755, leads downwards through sial and 
sima to the Mohorovicic discontinuity into the 
mantle until it comes to the core of the earth, stuffed, 
as formerly, with question marks. 

The discussion of mountains is excellently done and 
covers some familar ground, but this is so vividly 
described that it leaves no doubt what the writers 
mean or where they stand in the realm of Alpine 
theories. Two points are of special interest. The first 
is the brief revised account of the “‘Basin Ranges” in 
the south-western United States. The individual 
ranges often have diverse and complicated structures 
not clearly related to any discernible geosyncline. 
Each one stands apart from its neighbours and is 
bounded by normal faults. The second is the com- 
parison, of the river-carried deposits of the Brama- 
putra and Irrawaddy respectively, thus presenting the 
idea also advocated by Kuenen! that substantial filling 
of a geosyncline may be accomplished slong its trend 
and need not necessarily originate from its flanks. 

It 18 & surprise to find a book of this character with 
so little to say about rift valleys and the recently 
described intriguing long straight fracture zones in 
the eastern Pacific, but perhaps something has to be 
held in reserve against a third edition. Recalling the 
scope of an ancient text-book like G. A. J. Cole’s 
“Aids in Practical Geology”, it is odd that the two 
geological handmaids, mineralogy and petrology, have 
each an appendix devoted to them but palmontology 
is omitted. Nevertheless, here is a book which all 
geologists wil read with profit and enjoyment, and 
there will be few whom it does not caress or jolt into 
having to think. J. V. HARRISON 


' Kunoy ED- E., Kon. Ned. Geol. Mijnb, Gen., Geol. Ser., 18, 188 


GLOSSARY OF GEOLOGICAL 
TERMS 


Geological Nomenclature (English-Dutch-French-e 


German) 
Edited by A.A.G. Schieferdecker. (Royal Geological 
and Mining Society of the Netherlands.) Pp. xvi+ 
523. (Gorinchem: J. Noorduijn en Zoon, N.V., 1959.) 
45 guilders. 


T is now thirty years smce the Royal Geological 

and Mining Society of the Netherlands published a 
glossary of geological terms in the Dutch language, 
with English, French and German equivalents. The 
work noticed here is an entirely new production 
sponsored by this Society, and prepared by a team of 
collaborators of several nationalities. It has become 
necessary a8 & consequence of the progress of geo- 
logical and closely allied sciences in the interval; 
which has led to the introduction of new concepts, 
new terms and new methods of carrying out geo- 
logical investigations. Furthermore, and this is of 
particular interest to English-speaking geologists, 
because, in the opinion of the sponsors, the English 
language has become increasingly dominant in geo- 
logical literature, the new edition has been prepared in 
English. Thus, the introductory matter and table of 
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contents are in this language, and the terms and 
phrases are given first and defined in English. These 
are followed by their Dutch, French and German 
equivalents. 

The glossary contains 5,489 entries, and is arranged 
by subjects, there being eleven main divisions. Each 
of these is agam divided, sometimes into as many as 
ten or eleven subdivisions, and the latter are again 
divided into smaller subject groups. Such an arrange- 
ment was no doubt essential m preparing the glossary, 
since the various subdivi8ions have been compiled 
by a large number of specialist collaborators but it 
does not make for ease of reference. This difficulty 
has been overcome by numbering consecutively all 
the entries, and their inclusion in a single four- 
language alphabetical index in which the reference 
to any particular term is by number, whichever 
language is used in consulting the index. Cross- 
reference from mdex to text can thus be made 
rapidly. 

The principal divisions cover general and physical 
geology ; geomorphology; sedimentation ; strati- 
graphy; tectonics; geophysics; orogeny; vulcan- 
ology ; petrology ofi igneous and sedimentary rocks ; 
and mineral deposits. Crystallographic terms and 
the names of minerals, rocks and stratigraphical 
formations have been omitted from this edition ; and 
paleontological terms are not included. It is a little 
surprising that among the list of collaborators there 
are few who may be supposed to have English as 
their mother tongue; but this omission is seldom 
apparent in the text and, where noticeable, without 
serious results. In choosing terms for inclusion in the 
eglossary the editor has cast his net widely, and both 
glossary and index appear to have been compiled 
with much care. There is no doubt the book will 
form a valuable addition to geological, geographical 
and engineering libraries. Welcome as this new 
glossary is, in view of the very large amount of 
geological literature now appearing in the Russian 
language, often without adequate summaries in 
western European languages, the preparation of a 
supplement of Russian geological terms, in which the 
same index figures could be used, would be an 
extremely useful compilation. V. A. EYLES 


-LOW-ENERGY NUCLEAR PHYSICS 


Proceedings of the International Conference on 
Nuclear Physics 

Low-Energy Nuclear Interactions and Nuclear 

Structure, Paris, 7-12th July, 1958. Presented by 

Mme. P. Gugenberger. Pp. v+950. (London: 

Crosby Lockwood and Son, Ltd., 1959.) 140s. net. 


HE international meeting of nuclear physicists 

held in Paris durmg July 1968 yielded the con- 
ference report under review, dealing essentially with 
low-energy nuclear physics. The conference and the 
preparation of the report (carried out by Mme. P. 
Gugenberger) were made possible financially by 
the United Nations Educational, Scientific and 
Cultural Organization and the International Union of 
Pure and Applied Physics, augmented by various other 
public and private sources. The volume of 1,600 pages 
reflects in ita structure the new style of conference : 
specialist rapporteurs present the relevant contribu- 
tions offered by members of the conference as survey 
papers, thus producing a well-kmit whole out of a 
number of components. This survey is printed ver- 
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batim as are the discussion remarks following the 
rapporteurs presentations (825 pages). The rest of 
the volume contains the text of the communications, 
with an author index (612 pages). 

My personal reaction to this volume is one of 
delight. The text gives the reader the impression of 
being present at the meeting, and the discussion 
produces a lively atmosphere through argument and 
counter-argument ; as a result one can learn much 
about the subject with considerably less effort of 
will than from the original papers. Ngturally, the 
rapporteur has already spent‘%some effort in digesting 
the contents of a bunch of scientific papers. It seems 
clear that this type of conference and its reporting 
methods are here to stay. It is more stimulating 
and more informative than the string of 10-minute 
talks with which one is familiar from Physical 
Society meetings. 

The conference was opened by Prof. F. Joliot on 
July 7, 1958 (five weeks before his death) and closed 
with an illuminating summary by Prof. L. Rosenfeld. 
The various sections deal with the following topics : 
(a) Elastic Scattering of Neutrons (E. H. Barschall) ; 
Charged Particles (A. E. Glassgold). (b) Scattering 
and Nuclear Forces: Scattering by Electrons (R. 
Hofstadter); Analysis of p-p Scattering below 
40 MeV. (M. H. McGregor). (c) Direct Interaction : 
Theory (C. T. De Dominicis); Deuteron Stripping 
(G. R. Satehler); Experimental (B. L. Cohen). 
(d) Heavy Ions (A. Zucker). (e) Photonuclear 
Reactions (J. 8. Levinger). (f) The Independent 
Particle Model and its Connexion with the Collective 
Model (A. M. Lane, 8. A. Moszkowski). (g) The 
Collective Model (A. Bobr}; Coulomb Excitation 
(E. K. McGowan). (h) Structure of Nuclear Matter 
(C. Bloch). (#) Weak Interactions: Theory and 
Experimental Resulte (R. Nataf). 

It is regretted that the text of the Russian con- 
tributions was not received in time for incorporation 
in the report. 

Mme. P. Gugenberger and the publishers are to be 
congratulated on producmg this fine conference 
volume; they both deserve the gratitude of the 
nuclear physicists. E. BRerscHen 


ROCKET PROPELLANTS 


Rocket Propellants 

By Francis A. Warren. Pp. ix+218. (New York: 
Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1958.) 52s. net. 


HIS book is designed to provide both the 

technical reader and the newcomer with baaio 
information on the propellants used in modern 
rockets. The author has been directly associated 
with the development of propellants and rockets since 
1942 and is well qualified to write a book on this 
topic. There are chapters with the different 
types of propellants (both solid and liquid), propellant 
ingredients, the manufacture of solid propellants, per- 
formance and burning characteristica, the more 
important design features in both solid and liquid 
motors, safety, quality contro] and the future of 
rocket propellants. For a book of its size all these 
subjects are dealt with very adequately ; the matter 
is clearly presented and supported by a useful 
selection of photographs, line drawings and graphs. 
There is surprisingly good coverage of the possible 
combinations of fuels and oxidants, and in the early 
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chapters one frequently encounters novel rtems of 
information and ‘know-how’ not previously seen in 
publications of this kind. 

The bibliography quoted is extensive but, perhaps 
inevitably, predominantly American. During the 
Second World War, and particularly in its early 
stages, the Americans were supplied with a great deal 
of information from Great Britein about the design 
and manufacture of small solid-propellant rocket 
motors. It is always a little disappointing that 
British workers who have played a conspicuous part 
in these developments ere not as well known as they 
deserve to be, mainly because they have been 
associated with material which only slowly finds its 
way into the ‘open’ literature. 

While the book is very readable and informative, 
there are some omissions, For example, in the section 
dealing with composite propellants there is no men- 
tion of ‘plastic propellant’, a wholly British concept 
which started during the War. This propellant 
has a good performance and possesses exceptional 
chemical stability. Its main ingredients are am- 
monium pérchlorate (the oxidant) and a hydrocarbon 
binder (the fuel); these are mixed together to form 
a stiff ‘putty’ which can then be pressed into the 
desired shape in a rocket tube. Plastic propellant 
is used in a range of fairly large motors, notably 
in the Skylark rocket, which has been employed 
in the upper atmosphere research firings in 
Australia. 

In the discussion on “Ballistic Agents’’, minor 
ingredients used to modify the burning character- 
istica of propellants, it is mentioned that potassium 
sulphate was originally used to reduce the flash and 
smoke in guns. ‘This latter point, that is to say, 
smoke reduction, is incorrect, since any imorganic 
additive must aggravate the smoke problem. How- 
ever, the book is well edited and no slips of real 
significance have been noted. 

The final chapter deals with “The Future of Pro- 
pellante’”’. This outlines very clearly the possibility 
of developing propulsion systems of greatly enhanced 
performance by various applications of nuclear 
power. 

The author is to be commended on producing a 
very readable book which contains a useful blend of 
basic information and technology. It can be recom- 
mended to those seeking a good introduction to all 
aspects of rocket propellants. W. B. Lrrrume 


AN EASY GUIDE TO 
RADIO ASTRONOMY 


Radio Studies of the Universe 

By Dr. R. D. Davies and Dr. H. P. Palmer. Pp. 
viii -+200-+14 plates. (London: Routledge and 
Kegan Paul, Ltd., 1959.) 25s. net. 


8 the jomt authors of this book are two experi- 
enced radio astronomers working at the Jodrell 
Bank Experimental Station, the authoritative nature 
of the material is assured. The book is intended for 
the non-specialist, and does not assume any appreci- 
able previous knowledge of either radio or astronomy. 
It can be recommended as a useful and informative 
outline of the results achieved in all aspects of this 
progressive new branch of scientific activity. 
The book begins with a brief outline of optical 
astronomy; then a description of radio methods is 
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followed by an account of the various sources of 
radio emission beyond and within the Galaxy 
including the Sun and solar system. Subsequent 
chapters deal with the application of radar to the 
study of meteors, aurore, the Moon and planets, and 
the contribution of radio-astronomical methods to 
the study of the Harth’s upper atmosphere. There are 
a useful glossary and a selected list of references. 
The book is printed in large type and illustrated with 
plates and diagrams. 

The writing of books of this claas, often described 
as ‘semi-popular’, presents the problem of conveying 
& correct meaning without encumbering the reader 
with the detailed concepts of rigorous treatment. In 
this elementary survey of radio astronomy, the 
authors have for the most part succeeded well in this 
respect. In some places a slight amplification would 
have been helpful. It would have been worth 
attempting to show, possibly in a further appendix, 
how the expressions for the beam-width of a radio 
telescope and for the lobes of an interferometer 
pattern are derived, as these involve only elementary 
ideas of wave motion. The significance of band-width 
in radio noise reception could also have been more 
adequately covered. 

Only in a few instances could one feel more partiou- 
larly critical of the authors’ approach. For example, 
a statement that the amount of radiation received 
by an aerial is proportional to its area is followed by a 
discussion of linear aerials, and it is not made clear 
what ‘areas’ they possess. Later, radar echoing 
properties of objects are again loosely identified with 
therr ‘areas’. A different type of misleading impression 
arismg from inadequate explanation occurs, for 
example, in the description of visual solar activity, 
where a statement “. . . when the outer edge of the 
Sun is viewed through a telescope...” neither 
suggests the necessary precautions nor the special 
technique involved in making optical solar observa- 
tions. It would not, however, do justice to the book to 
dwell unduly on a few defects of detail. The book asa 
whole provides a simple and comprehensive guide to 
radio astronomy. J. 8. HEY 


PROBLEMS OF SPACE FLIGHT 


Vistas In Astronautics : 
Vol. 2. Edited by Morton Alperin and Hollingsworth 
F. Gregory. Second Annual Astronautics Symposium 
sponsored by Air Force Office of Scientific Research, 
and Institute of Aeronautical Sciences. (International 
Series of Monographs on Aeronautical Sciences and 
Space Flight. Division 7: Astronautics, Vol. 2.) 
Pp. x+318. (London and New York: Pergamon 
Press, 1959.) 108s. net. 


HE second Astronautics Symposium organized 

by the U.S. Air Force Office of Scientific Research 
was held at Denver. Colorado, in April 1958, and this 
volume records the proceedings. The papers can 
conveniently be divided into four groups. The first 
group is concerned mainly with scientific experiments 
in space, and includes a concise survey by S. F. Singer 
of the outstanding scientific problems in the region 
out to the Moon’s distance. The second and largest 
group deals with the propulsion, orbits, control and 
guidance of space vehicles. There is a significant 
paper by A. Ferri and others, who conclude that the 
use of turbo-jet and ram-jet engines in the launching 
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missiles for space vehicles, up to speeds of say Mach 4, 
might considerably reduce the weight at launch and 
the rocket thrust required. Another notable con- 
tribution comes from J. H. Laning, jun., and others, 
who describe a design study for a vehicle to go near 
Mars, to photograph it, and to return. 

The third group of papers records a discussion 
panel on the question “What use is man in space ?” 
The answer given by almost all the speakers was : 
“not much use at all”. But the U.S. Air Force 
chairman stoutly resisted this undermining of the 
Symposium’s raison d'étre by saying that man will, 
nevertheless, go into space. 

The fourth and most controversial group of papers 
is concerned with the Moon. First, T. Gold argues 
persuasively that the Moon’s surface is deeply 
covered in dust: “the top few feet may well be 
extremely loose and more treacherous than quick- 
sand”. Then F. L. Whipple, just as persuasive, 
contends that the dust must cement “into a weak, 
porous matrix” under the bombardment of meteorites, 
corpuscular radiation, ete. Finally comes G. P. 
Kuiper, whose paper is the most striking in the book, 
since it contains twenty-three magnificent photo- 
graphs of the Moon, mostly full-page : after surveying 
the lunar topography m detail, Dr. Kuiper finds 
“overwhelming evidence that the traditional view 
that the mare floors are lata fields is correct’’—a 
rebuff for the dust-men. 

These technical papers, which take up most of the 
book, form a valuable record ; but the same cannot 
be said for the introductory material, which often 
sounds too nationalistic a note. Nor is the editing 
perfect: for example, a three-line footnote on p. 139 
has somehow escaped the deletion it obviously 
deserves, and the grouping of the contributions is not 
entirely logical, since the solitary paper on ‘‘Space 
Navigation” appears in the section entitled “Control 
and Propulsion ...”’, and not in the section on 
‘Departure, Space Navigation and Re-entry”, which 
would seem to be its proper home. 

D. Q. Kine-HELE 


PLANETARY DYNAMICS 


Celestial Mechanics 
By E. Finlay-Freundhch. Pp. vii+150. (London 
and New York: Pergamon Press, 1958.) 50s. net. 


Stability in Celestial Mechanics 
By Prof. Yusuke Hagihara. (Jubilee Publication in 
Commemoration of the Sixtieth Birthday of Prof. 
Yusuke Hagihara, by his Friends and Pupils.) Pp. 
x+106. (Tokyo: Kasai Publishing and Printing Co., 
1957.) n.p. 

EN years ago it was commonly thought by many 

astronomers, most mathematicians and almost 
all physicists that celestial mechanics was a dead 
subject of historical interest, that it had been worked 
out, and that it was unlikely in the future to yield 
new results of fundamental importance. The edvent 
of artificial satellites has led to a re-awakened 
interest in many of the problems of celestial mechan- 
ics. It is therefore quite appropriate that new 
text-books should be written not only to cater for the 
new demand but also so that those unfamiliar with 
the subject may become acquainted with the vast 
body of knowledge which exists and of which they 
might otherwise remain ignorant. 
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The two books under review are of quite different 
kinds. Prof. Freundlich’s book is a self-contained 
introduction to the subject. After a brief introductory 
chapter, the n-body problem is discussed, including 
Lagrange’s solutions to the three-body problem, the 
singularities of the three-body problem and periodic 
solutions in the neighbourhood of the points of 
libration. This is followed by an outlme of the 
application of the Hamilton-Jacobi theory, a dis- 
cussion of the principles underlying perturbation 
theory, and several discussions on the problems of 
periodic motions. The book ênds with chapters on 
the two-body problem for extended deformabile 
bodies and on the motion of the apsidal line in 
relativistic mechanics. 

The most surprising feature of the book is the 
discussion in a relatively elementary way of so 
many advanced topics, and this is to be com- 
mended. It is unfortunate, however, that space 
was not found for a rather more detailed discussion 
of some of the basic problems. For example, many 
university mathematical courses in dynamics end 
at Lagrange’s equations, and proofs of Hamilton’s 
equations and the Hamilton-Jacobi Theorem (with- 
out the use of contact transformations) would have 
added to the value of the book. Also a course on 
celestial mechanics can scarcely be considered complete 
if it does not include the equations for the variation 
of the elements of an orbit. This is, after all, the 
feature of celestial mechanics of most interest for 
artificial satellites. Those who, like myself, are 
frequently charged with the duty of giving formal 
lecture courses in celestial mechanics, will be grateful 
to Prof. Freundlich for.providing in this text a useful 
survey of the subject, but they wil of necessity 
supplement this survey with selections from more 
advanced books to fill the more obvious lacunz. 

Prof. Hagihara’s book was publshed by his 
friends and pupils to celebrate his sixtieth birthday. 
He has attempted to summarize the present situation 
in the efforts towards solving the very difficult 
problem of the stability of the solar system. His 
book ranges widely over many difficult aspects of 
celestial mechanics, and, by omitting or outlining 
proofs, he succeeds in giving in a short space an 
exhaustive survey. He discusses the resulte of the 
most advanced research work more completely than 
any existing text-book or review, and gives com- 
prehensive bibliographies. His book is a land-mark 
in celestial mechanics. 

Neither of the books under review contains any 
discussion of the numerical problems of celestial 
mechanics, and it is to be hoped. that someone will be 
stimulated into filling this gap in the literature. 

R. H. GARSTANG 


STEVIN’S MATHEMATICAL WORKS 


The Principal Works of Simon Stevin 
Edited by Prof. D. J. Struik. Vol. 2A : Mathematics. 
Pp. v+1-466. Vol. 2B: Mathematics. Pp. m+ 
457-976. (Amsterdam : Swets and Zeitlinger, 1958.) 
n.p. 
HESE two volumes comprise Stevin’s principal 
mathematical works. The first begins with an 
account of his little known “Tables of Interest” 
(1582). In a period of rapid commercial expansion, 
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when even the ordmary arithmetical operations still 
presented difficulty, the computation of interest 
called for no little skill, and so the appearance of 
Stevin’s “Tables” must have proved a boon to the 
great bankmg houses, such as those of Lyons and 
Antwerp. Many readers will be interested to trace, 
with the help which Prof. D. J. Struik has abundantly 
provided, the origins and the growth of such tables ; 
they will be grateful for the translation and the 
copious references provided. 

The “Problemata ,Geometrica” deals with the 
division of polygons into parts having & given ratio. 
The regula falst, a favourite device of the mathe- 
maticians of the Middle Ages, is freely used. Then 
follows a study of the regular and semi-regular poly- 
hedra and the construction of polyhedra simular to 6 
given polyhedron. Stevin follows closely in the 
footsteps of Euchd and Archimedes without removing 
many of their obscurities. The ample footnotes 
provided have at least succeeded in making a difficult 
subject attractive. 

Probably the most interesting section of Stevin’s 
work is his exposition of the principles underlying 
the use of decimal fractions. Prof. Struik’s judgment : 
“Tt is safe to assume that Stevin’s work contributed 
to the growing popularity without ascribing the 
success exclusively to him” (p. 377), is very fair, and 
it is supported by an exhaustive list of references to 
pioneers in the development of this branch of arith- 
metic. The facsimile reproduction of “La Disme”, 
and its side-by-side translation, cannot but be 
accorded a warm welcome from those who have not 
access to Stevin’s original tract. Nevertheless, it 1s 
extremely doubtful if the defimal system of writing 
fractions would have achieved such a wide popularity 
had it remained in the clumsy notation which Stevin 
adopted. A number of writers of the period who 
employed decimal fractions, either with or without 
Stevin’s notation, follow the exposition. The omission 
of the names of Oughtred and Wallis is a little sur- 
prising. The former, in his “Clavis Mathematicw’’, 
adopted a much more convenient notation. ‘Decimal 
parts are written in the same line with integers .. . 
‘They take their denomination from the place of their 
last figure, as 0/5 are five-tenths, 0/56 are fifty-six 
hundredths”. Wallis, in his ‘“Mathesis Universalis”’ 
(1657) followed Oughtred’s notation, but in his 
“Algebra”, written nearly thirty years later he 
sometimes uses the full stop, as 3.14159, and some- 
times the comma, as 12,756. 

The main merit of Stevin’s “L’Arithmétique”’ is 
the systematic way in which he discusses operations 
with rational, irrational, and algebraic numbers, and 
the theory of equations of the second, third and fourth 
degrees. Here the editor shows an intimate knowledge 
of the steps which led to the solution of algebraic 
equations during the fifteenth and sixteenth centuries, 
and he has placed the reader very much in his debt 
by his exhaustive bibliography. He rightly criticises 
Stevin’s interpretation of powers higher than the 
cube as “ʻa clumsy procedure”. Not everyone, however 
will agree with his view that “the way out towards 
spaces of higher dimensions only appeared in the 
nineteenth century”. For did not Descartes (“La 
Géométrie”, 1637) point the way when he threw 
aside the dimensional restrictions of earlier writers 
(for example, Vieta) and divorced such expressions as 
a}, d’, and higher powers from reference to physical 
quantity ? These are nothing more than the terms 
of a continued progression, the first term being unity. 
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They should not, therefore, have caused any embar- 
rassment in explaining powers higher than the cube. 
In this section of the work no little skill is shown in the 
selection for reproduction of those passages which 
best illustrate the sixteenth century approach to the 
solution of equations. 

Readers will welcome the section dealing with 
Stevin’s contribution to trigonometry, which is 
preceded by a brief account of the development of the 
subject from Ptolemy.e The chief feature of this, 
in Prof. Struik’s Judgment, is the clarity of its 
exposition. This view will be readily accepted. But 
there was rather more in ıt than this. It was only a 
few years prior to the appearance of this work that 
trigonometry had emerged as an independent science. 
Stevin’s contribution gave a great impulse to a 
movement which was already rapidly gathering 
strength. 

Stevin’s work on perspective is probably among 
the most original of all his work. It was written in 
the vernacular, and this may well be a reason why 
it has not become widely known outside the Low 
Countries. Prof. Struik’s translation does much 
towards removing this limitation. 

The appearance of these two volumes goes a long 
way towards filling a gap in our acquaintance with 
Stevin’s mathematical work. They illustrate the vast 
range of his contributions to the subject. His gifts, 
outstanding as they were, have been overshadowed 
by those of his great contemporaries and successors. 
For Stevin lived in an age of intellectual giants— 
Vieta (16540-1603), Galileo (1564-1642), Kepler 
(1571-1630), and he was followed by men no l 
distinguished—-~Wallis (1616-1703), Fermat (1601- 
1665), Pascal (1623-65), Descartes (1596-1650)—to 
name but few. This, together with the fact that 
much of it was written in Flemish, may be a reason 
why his work has hitherto not received at the hands 
of the historian of science the recognition which is 1ts 
due. Prof. Struik has gone a long way to remedy 
this situation, and the appearance of later volumes 
will be awaited with considerable interest. 

The only feature open to serious criticism is the 
index, which, for a work of nearly a thousand pages, 
18 condensed into a few columns. Would it be too much 
to hope that, in subsequent volumes, Prof. Struik will 
devote as much care to the compilation of a really 
helpful index as he has done to the rest of the work ? 

J. F. Soorr 


GODEL’S THEOREM 


Godel’s Proof ! 
By Ernest Nagel and James R. Newman. Pp. 
ix-+-118. (London: Routledge and Kegan Paul, 


Ltd., 1959.) 12a. 6d. net. 


ROM time to time a little masterpiece of exegesis 

appears in the field of mathematics and physics : 
this little manual is certainly such a one. It deserves 
a place with Sylvanus Thompson’s “Calculus Made 
Easy”, and Biggs’s “Wave Mechanics”. But m a 
sense it is better than either of them, in that it 
manages to convey the spirit of the genius of Kurt 
Godel, and to show his achievement of 1931 (at 
which time he was twenty-five years old) as at least 
comparable with Euclid’s, when he selected the 
particular form which he did to enunciate the 
parallel postulate, realizing at the same time that 


62 


proof was needed, but impossible to supply. It is 
* curious that, as in Godel’s theorem, it is in these 
declarations of impotence that mathematicians 
sometimes reach their zenith. In demonstrating, 
and accepting, the impossible, mankind (paradoxi- 
cally) breasts its summit. 

Throughout history, the axiomatic method has 
gained favour, and advanced from strength to 
strength. Seen in full vigour in Euclid’s geometry, 
it appears again for mechanics in the hands of 
Archimedes. Centuries later, something akin ran in 
the mind of Descartes, and in our own century (1908) 
we find it in the Axvtomaitk of Carathéodory’s thermo- 
dynamics. What more fitting for it to support the 
great structure of arithmetic, and the aesthetic 
satisfaction of David Hilbert’s systematic founda- 
tions ? Yet that is just what it has failed to do, and 
what Gddel showed it fundamentally incapable of 
doing. It is nothing less than that which constituted 
the core of his original paper, with the forbidding 
title “On Formally Undecidable Propositions of 
Principia Mathematica and Related Systems”. All 
this germinated ın the mind of the young member of 
the Vienna Circle. When events shattered that 
distinguished group, Princeton came to the rescue, 
and Harvard acclaimed Kurt Godel at his true 
stature. 

The authors of the present book begin by dis- 
cussing the problem and absolute proofs of consist- 
ency, giving an example wherein such & proof is 
successful. This entails, en route, the systematic 
codification of formal logic. A reader with some little 
competence in the sentential and existential calculus 
Will have no particular difficulty in following the 
train of thought thus far. Then comes the idea of 
mapping, and its use in mathematics. It is exactly 
here that the power of Godel is so remarkable. We 
are familiar with the processes of projective geometry, 
or those involving the theorem of Pappus, wherein 
an abstract structure of relations in a domain (A) 
can be murored as holding in another domain (B). 
(In this particular case the transform is between 
points and lines.) What Gödel did was to map 
statements ‘about’ arithmetic as expressions ‘in’ 
arithmetic. In other words, he managed to ject 
the meta-mathematics of arithmetic upon arithmetic 
itself. This method amounte in effect to making 
Meaningfyl statements about a formalized mathe- 
matical system; it says something about mathe- 
matics, but plainly not belonging to it. Meta-language 
and meta-science sometimes present difficulties to 
the British way of thinking. Perhaps a very crude 
analogy would be the distinction between history and 
historiography, which is well accepted among 
scholars. 


The end-result of Gédel’s achievement is that 
arithmetic is incomplete. The way in which this 
remarkable conclusion is reached is by proving 
that there is at least one mathematical truth which 
cannot be said to follow from the axioms, and yet 
can be establiahed meta-mathematically from out- 
side. 

We are thus faced with severe limitations in the 
whole axiomatic method iteelf, and everything built 
upon rt. One cannot specify once for all a fixed set of 
axioms to shore up and bear the whole load. 

There is, as the authors pomt out in a significant 
footnote (pp. 99-100), a throw-back to a type of 
Platonio realism. Gödel would seem to accept the 
existence of classes and concepts as real objects 
whether in fact we have ‘realized’ them or not. This 
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may have wide repercussions, for it may prove to be in 
line with Heisenberg’s primordial matter (after the 
manner of Anaximander), which he considers may be 
needed to extricate the quantum theory from ite 
present philosophical confusion. Supposedly, such an 
entity would exist independently of our thoughts 
about it. 

For what is little more than an essay on a vast 
subject, the writers have done astonishingly well. 
The proof-reading must have been as near faultless 
as human frailty can accomplish, since a minor 
misprint in such a strange land would lead many 4 
careful inquirer to despair. To make Goddel’s theorem 
more accessible is something supremely worth while, 
and this book is the way to do it. 

F. I. G. RAWLINS 


ORGANIZATION AND METHODS 


Organization and Methods . 

A. Service to Management. Edited by G. E. Milward. 
Pp. xxxii+408-+4 plates. (London: Macmillan and 
Co., Ltd.; New York: St. Martin’s Press, Inc., 
1959.) 636. net. 


HIS is easentially a practical book and gives the 

essence of the experience in organization and 
methods work of nine lerge commercial companies. 
Mr. Milward has done an excellent job in producing 
such a readable volume and one which does not 
show evidence of its rather mixed parentage. As one 
completely untrained ix office management, yet who 
has had to accept responsibility for the many ‘admin- 
istrative’ aspects of a large scientific institution, I can 
testify to the value of organization and methods 
procedures as described in this book in simplifying 
and often in reducing the ever-increasing paper 
work. 

The book is concerned essentially with the practice 
of “Organization and Methods”, the types of people 
required to carry out its procedures, their training 
and methods of working. It does not ignore the 
human factors which form such an important part 
in the operation of any organization. Its range is 
from the setting-up of an organization and methods 
department to information about types of office 
machines and their efficient use, and even to some 
mnatters of detail such as the optimum size for an 
office desk. In these days, when there is such a 
plethora of office machines and office systems on 
offer, it is extremely valuable to have, in convenient 
form, the product of the experience of leading com- 

es. 

A feature of the book which is claimed to be 
unique is a chart on the field of office machinery. 
This sets out diagrammatically the seven basic 
clerical operations and the machines which carry out or 
assist them, while the pros and cons of mechanization 
are discussed in the text. There is much in this book 
of interest and value not only to the managers of 
large commercial offices but also to those who have 
to incorporate in their organizations or institutions 
some efficient system of collection of data, record- 
keeping, ordering, etc. The index does not do justice 
to the book—especially one on this subject. For 
example, “Pros and cons of mechanization’ is indexed 
under ‘P’, with no reference under ‘M’; ‘Glossary of 
arithmetical terms’ is under ‘G’, with no reference 
under ‘A’, and so on. E. 8. Hiscooxs 
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SHORT REVIEWS 


Alan M. Turing 
By Sara Pp. xiv +157 +7 plates. (Cambridge : 
W. Heffer and Son, Ltd., 1969.) 21e. net. 


RIENDS and acquaintances of the late Dr. A. M. 

Turing, as also a much wider circle who only knew 
him through his published work, will welcome this 
succinct and timely biography by his mother, Mrs. 
Sera Turmg. Alan M. Turing, who died in tragic 
circumstances in 1984, in his forty-second year, had 
already gained wide recognition for his work in 
E. computing theory and machine design, 
and for a novel physico-chemical theory of morpho- 
genesis; and, on the evidence, he was still on the 
flood-tide of even more remarkable achievements. 
Unfortunately, this was not to be. 

Now, in this readable volume, presented with 
admirable detachment and singularly unmarred 
by the excess of sympathy which might well have 
crept in, we have an outline sketch of a very remark- 
able, and original, if sometimes wayward personality, 
direct, friendly, whimsical, and generous to a degree. 
Talent may be said to be the mainstay of academic 
life ; but his contemporaries recognized that Turmg 
had that very much rarer quality . How 
much genius it is not possible to assess at this stage. 
Hence the value of this biographical memoir ; for as 
Lyn Irvine (Mrs. M. H. A. Newman) has indicated 
in @ percipient foreword, this is a source-book for 
future biographers, especially those who are concerned. 
with the nature and manifestation of genius. 


A Source Book in Greek Science 

By Prof. Morris R. Cohen and Dr. I. E. Drabkin. 
Second printing, with corrections. (Source Books in 
the History of the Sciences.) Pp. xxi+581. (Cam- 
bridge, Mass. : Harvard University Press ; London : 
Oxford University Press, 1958.) 60s. net. 


T is interesting to see that this well-known work, 
which first appeared in 1948 from the McGraw- 
Hill Book Co., has been taken over by the Harvard 
University Press and is distributed in Britain by the 
Oxford University Press; and it is to be hoped that 
the other volumes in this excellent series are to be 
made similarly available in the near future. The 
great value of the book bas always lain in its making 
immediately available, to students of the history of 
science and to other interested readers, English 
versions of Greek scientific literature that they would 
otherwise have to seek through many volumes in & 
library of considerable size; and it has another 
importance as & corrective of the partial and narrow 
view that scientific thought began in the seventeenth 
century. These six hundred pages of extracte on 
mathematics, astronomy, geography, physics, chemis- 
try, technology, geology, meteorology, biology, 
medicine, physiology and psychology, with easy 
reference through a detailed table of contents, place 
at the reader’s disposal a wealth of scientific literature 
and information that ranges through ten centuries. 
The comments connecting the extracts and the notes 
on the extracts have been well prepared, and ‘the 
illustrations are suitably chosen. 


Two impressions of Greek science that the reader 
gets from a critical survey of these extracts are very 
clear, namely, the preponderance of mathematics 
and the lack of understanding of experimental 
science. One could say with confidence not so long 
ago that in these joint respects Greek science differed 
much from that of our own time, but to-day one may 
be allowed to wonder whether there are not some 
scientific activities that have recenily resumed these 
ancient characteristics. 


Robert Boyle 

Father of Chemistry. By Dr. Roger Pilkington. Pp. 
179. (London: John Murray (Publishers), Ltd., 
1959.) 18s. net. 


LL scientists know Boyle’s Law, and many are 
aware of Boyle’s work on combustion and 
respiration and his critical approach to chemical 
theory. But how many know that the author of 
“The Sceptical Chymist’’ wrote a religious romance 
and financed the translation of the Bible into the 
language of the North American Indians ? 

Dr. Roger Pilkington gives a balanced account of 
all aspects of this remarkable man’s life and character, 
Boyle’s chemical heritage is well described, and his, 
scientific work is described as fully as possible m 4 
short book, but more might have been said about the 
work and opinions of his contemporaries and the 
consequences of his discoveries and theories. ‘This 
would have been particularly useful to readers 
unfamiliar with the history of science. If such a 
chapter can be added to a future edition it will 
enhance the value of a well-written book that can be 
read with profit by all who are interested in the men 
behind the scientific laws and theories. 

W. A. SMEATON 
Structure and Function of Genetic Elements 
Report of Symposium held June 1-3, 1959. (Brook- , 
haven Symposia in Biology, No. 12.) Pp.*v+187. 
(Upton, New York: Brookhaven National Labora- 
tory, 1959. Available from Office of Technical 
Services, Department of Commerce, Washington, 
25.) 2 dollars. 


HE Brookhaven symposia on biology are spon- 

sored by the Department of Biology of the 
Brookhaven National Laboratory. The twelfth 
symposium was held during June 1~3, 1959, and was 
devoted to the topic of the structure and function 
of genetic elements. The object of the symposium 
was to bring together the several pomts of view of the 
physical chemist, the biochemist, the geneticist, the 
eytologist, and the cytochemist. There are fourteen 
papers in all, covering these disciplines. All are 
valuable and important, and almost as valuable as 
the papers are the full reports of discussions and 
comments by the participants. 

The subjects dealt with are: (1) Structural 
aspects of nucleic acids; (2) Biochemical activities 
of nucleic acids; (3) Genes; (4) Genetic transfers 
by viruses ; (5) Structure and duplication of chromo- 
somes; and (6) Nuclear-cytoplasmic relationships. 
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The results presented at this symposium may be 
compared with those of eight years ago at the fourth 
Brookhaven symposium, on a simular theme, the 
chemistry and physiology of the nucleus. It 1s clear 
that considerable advances have been made in our 
knowledge of the structure and function of the genetic 
elements. This is in some part due to improved 
techniques in the various areas of study. Autoradio- 
graphy is, for example, extensively employed to 
help solve the problem of how chromosomes duph- 
cate themselves. 

Among the most valuable contributions are those 
of a general nature, for example, those concerning 
the present position of the coding problem (Crick), the 
present status of the adaptor hypothess (Hoagland) 
and a comparative view of the chromosome (Steffen- 
gon). 

Light touches are provided by Crick-——‘‘Hinshel- 
wood once suggested a code dependent on the sugar 
but I never understood what he meant”, and Zamen- 
hof——“Could ıt be that all these things are not gene 
determmed ? Or could it be that there is some 
information also in the sugar, God forbid ?” 

S. C. HABLAND 


Blindness in West Africa 

By Prof. F. C. Rodger. Pp. xiv+262+1 plate +6 
maps and 96 text figures. (London: H. K. Lewis 
and Co., Ltd., 1959. Publshed for the Royal Com- 
monwealth Society for the Blind.) 708. net. 


N Great Britain there are about two certified blind 

persons in every 1,000 of the population. A 
report from thirty-nine ‘Commonwealth and Colonial 
territories has given a figure of about eight blind 
per 1,000, wrth far the largest numbers m West 
Africa. 

This book records the findings of a survey in 
Nigeria, North Gbana and the Cameroons, and Prof. 
Rodger, allowing for factors like visual standards, 
assesses the overall figure of blindness as about I per 
cent of the population with the figure much higher 
than this im North Ghana, where onchocerciasis, a 
generalized infestation by a fly-borne filarial worm, is 
very severe. The countries, the people and their 
eye diseases are all reported upon, and, while much 
is technical, Prof. Rodger has presented his material 
„80 that a lay person will find interest in it. Hye 
"disease among children was especially investigated 
and considerable attention paid to nutritional 
standards. The report is objective and parts make 
gloomy reading, for much of the blindness arising 
from infection (purulent smallpox, syphilis, etc.) 
and malnutrition ıs preventable. Trachoma, the 
cause of the greatest number of blind, is now amen- 
able to treatment, and may perhaps be eradicated 
before too long ; but the elimination of filarial worm 
disease remains a problem to be solved. 

The production of the book is good, though the 
illustrations vary a lot in quality. 

R. C. DAVENPORT 


The Hand of Life 

The Story of the Weizmann Institute. By Ritchie 
Calder. Pp. 78+65 plates. (London: Weidenfeld 
and Nicolson, 1959.) 30s. net. 


N 1934 the Daniel Sieff Institute was established in 
the desert at Rehovoth, Israel, as a memorial to 
the son of Mr. and Mrs. Israel Sieff and the nephew of 
Sir Simon Marks. The memorial had been suggested 
by Dr. Chaim Weizmann, the distinguished chemist 
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who became the first president of Israel. Ten years 
ago the Weizmann Institute was also founded at 
Rehovoth and, to mark both occasions, Ritchie Calder 
has produced a tribute worthy of the magnificent 
buildings and gardens which now flourish in a place 
where twenty-five years ago there stood nothmg but 
sand. This handsome book describes some of the 
outstanding investigations which have been made at 
both Institutes and also contains a series of photo- 
graphs which give a clear impression of what life is 
like for those who live and work at Rehovoth ; their 
scientific investigations are a worthy memorial to 
Sieff and Weizmann. 


Paths Across the Earth 
By Lorus and Margery Milne. Pp. xi+216. 
don: Cassell and Co., Ltd., 1959.) 168. net. 


T 1s unfortunate that the wrapper should tell us 

that the authors, two American zoologists, have 
“travelled together from the Arctic to the Equator 
to try to solve such problems”, because they say little 
at first hand and nothing new. The book 1s ın fact a 
popular account of the migratory movements of 
animals, presented ın chapters devoted to general 
aspects or questions ; New World examples naturally 
predominate. It should be mteresting to readers 
coming fresh to the subject and willing to accept 
a degree of arbitrary simplification. There are, how- 
ever, surprising omissions; for example, Kramer 18 
not mentioned among seven authorities named in 
respect of bird navigation; there is no reference to 
the annual movements of some African 
antelopes—indeed almost an implication that such 
do not occur ; and a section on echo-location contains, 
in, that regard, only a vague statement about mice 
and none of the precise information available for bats, 
cetaceans and certain birds. There are also definite 
errors ; for example, 1t is the reverse of true to say that 
ringing has shown that the majority of British 
native starlings do not remain throughout the year 
but migrate towards the Mediterranean; and it 1s 
not the case that the cattle egret has shown no recent 
range expansion in the Old World comparable with 
its spread to and in the Americas. 

LANDSBOROUGH THOMSON 


(Lon- 


Handbook of Toxicology 

Vol. 5: Fungicides. Analysis and Compilation by 
Everett F. Davis, Barbara L. Tuma and Lucy C. Lee. 
Edited by Dorothy 8. Dittmer. Prepared under the 
direction of the Committee on the Handbook of 
Biological Data, Division of Biology and Agriculture, 
National Academy of Sciences—National Research 
Council. Pp. ix+242. (Philadelphia and London : 
W. B. Saunders Company, 1959.) 38s. 6d. net. 


HIS volume liste 196 substances known to 

destroy fungi or to inhibit their growth and 
reproduction. For each the structural formula, 
physical and chemical properties, tests (tn vtiro, m 
vivo or both), toxicity to man and animals, and use 
are given. Authorities for this information are 
included in the bibliography of 326 titles, and patent 
numbers (United States and others) for 112 of the 196 
substances are listed in Appendix i. Appendix ii 
lista 500 other substances, refers to references to them 
in the general bibliography, but gives no other 
information. This should be a useful reference work 
for those advising on the use of fungicides in industry 
and agriculture. 
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Agricultural Insects of East Africa 
Compiled by R. H. Le Pelley. Pp. x+307. (Nairobi: 
East Africa High Commission, 1959.) 42s. 


NTOMOLOGISTS and agriculturalists in many 
tropical countries, particularly in Africa, have 
been greatly handicapped because they have not 
been able to refer to authoritative hsts giving the 
names of insects recorded there. A great deal of the 
information required has been collected by Govern- 
ment entomologists, and has been buried ın depart- 
mental files. Dr. Le Pelley has performed a useful 
service in bringing tdgether in this book so many 
records of insects and mites associated with plants in 
Kenya, Uganda, Tanganyika and Zanzibar ; workers 
here, in adjacent territories and even in other parts 
of tropical and sub-tropical Africa, will find the lists 
invaluable. Parasites, predators and stored products 
insects are included, with the original reference to the 
publication first giving their occurrence. A list like 
this cannot but be incomplete, as 1ts author would be 
the first to point out; but he is to be sincerely 
congratulated on his success m including so many 
records others would not have unearthed. 

The title, ‘Agricultural Insects of East Africa’’, 
may mislead. This book contains only a list of names 
of insects and plants. It does not give any deserip- 
tions of the animals, or of their importance in 
agriculture. It is a very valuable work as it stands, 
and it is perhaps unfortunate that the title does not 
make its nature more obvious. 

KENNETH MELLANBY 


A Laboratory and Fleld Manual of Ornithology 
By Olin Sewall Pettingill, Jr.. Third edition, second 
printing. Pp. viii-+279. (Minneapolis: Burgess 
Publishing Company; London: Mayflower Pub- 
lishing Co., Ltd., 1958.) 40s. 


N recent years ornithology has become increasingly 

respectable among contemporary sciences without 
losing its place as a source of casual interest and 
amusement. This status has been achieved to a large 
extent by improvements ın standards of teaching as 
reflected in such books as this laboratory and field 
manual. In Britam ıt seems difficult to isolate 
ornithology as a special subject in the curricula of 
secondary schools and universities, and teaching is 
confined mainly to extra-mural environments. But 
in the United States, apparently, this difficulty is not 
felt to the same extent, for Prof. Pettingill’s manual 
is based on notes for lectures at high schools and 
colleges. The text consists of explanatory material 
and directions for study, including lines of research 
for advanced students. Although retaming the form 
and structure of lecturer’s notes (it is a photo-offset 
reproduction of typescript) it is a valuable source of 
useful information on most aspects of bird biology. 

J. D. MACDONALD 


The Buzzard 

Text and Photographs by Frank Wenzel. Translated 
from the Danish by Reginald Spink. Pp. 86. (London : 
George Allen and Unwin, Ltd., 1959.) 35s. net. 


HIS book from Denmark, written and illustrated 

by Frank Wenzel, is a fine example of bird 
photography. Its illustrations from photographs in 
colour and in black-and-white include many superb 
pictures, some of remarkable dramatic quality, for 
example the colour plate facing p. 80. This shows a 
buzzard balancing itself with extended wings held 
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aloft on a swaying branch. The bird is silhouetted 
against a stormy aky with a dazzling sun gleaming 
from between the clouds. Another pleasing picture 
is the portrait of a buzzard facing p. 78. It shows a 
remarkably light-coloured bird in a green woodland 
setting and it reminds us how this species varies in 
colour and markings. A little farther on is a photo- 
graph of a very dark male, with plumage of deep 
sooty brown, indeed almost black. 

The letterpress is comparatively slight; but it 
is based on first-hand bservations, telling of the 
author’s experiences among the buzzards of his 
native Denmark. He gives us many exciting de- 
scriptions of its woods, heaths and marshes. He tells 
how he built a hide in a tree from which he could see 
into a buzzard’s nest in a neighbouring tree ; he adds 
he thought it desirable to ensconce himself in it 
under cover of darkness, though to do so he had to 
walk through the night-time woods. , Moonlight 
makes everything change character,” he says. 
“Things well known in daylight now appear quite 

unfamiliar. Tree trunks look like dark figures 
throwing long mysterious shadows in the under- 
growth; harmless stumps are transformed into 
witches and ogres. The silence was broken over by 
the bog. There was a strange purring and whirring 
noise . . . ib was the phantom nightjar filling the 
night with magic and mystery.” 

This volume would make a fine present for any 
young person with aspirations to use his camera in 
the portrayal of birds. Franous Prrr 


Diseases of Farm Crops 

By A. Beaumont. Pp. 128+48 photographs. (Lon 
don: W. H. and L. Collingridge, Ltd., 1959.) 25s. 
net. 


HE farmers and agricultural students for whom 

the author intends this companion volume to his 
“Diseases of Garden Plants” will be glad that it is 
written so clearly, with so few scientific terms and 
generously illustrated by photographs nearly all of 
which show what is intended. Readers better versed 
in plant pathology will recognize that most of the 
recent work is mentioned in summaries of the major 
diseases. The author is realistic about the importance 
of diseases, and the control measures necessary or 

ical ; he emphasizes the effects of crop rotation 
and has added many cautionary notes born qf his long” 
experience as an advisory plant pathologist. 

Because much of it is good, the weaker parts of 
the book stand out starkly. The arrangement of 
diseases under crops and the organs attacked makes 
reference easy, but leads to much repetition which 
could be avoided by tabulation or some grouping of 
closely related hosts. The too-simple section on 
naming and recognition of diseases, the many notes 
on rare fungi: and, for example, the 15 references 
under marrow stem kale which contain little more 
than note of frequency and cross-references, all 
make one wish the author had used this space to 
expand the sections on principles and major diseases. 

J. M. Hst 


A Handbook of West African Flowers 
By Harold N. Saunders. Pp. 124. (London: Oxford 
University Press, 1958.) 5e. 
T is not an easy task to select the commonest 
plants in an area, and the larger the area the more 
difficult it becomes. When the area is West Africa 
from Gambia to Nigeria, with a flora of several 
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thousand species, no selection within reasonable 
limits can hope to satisfy everybody everywhere. 
Nevertheless this attractive little book has courag- 
eously attempted the task, and the result is both 
creditable and useful. Within the limits of no more 
than 124 pages, 364 species are briefly described, 
and small, simple, clear illustrations of 120 of them 
are fitted in, four to a page. In addition there are a 
glossary and an ingenious numerical key, which the 
user after some practice should find helpful. A word 
of warning to the user to read all the choices in each 
column on pages 108 and 109, before deciding which 
one fits his plant best, is, I think, desirable. Hitherto 
there has been no pocket-book of West African 
flowers for the beginner. Now, for as little as five 
shillings, there is, and I hope that this book will 
start to perform its most valuable function of arousing 
interest and intelligent observation of what is growing 
round them among those people previously daunted 
by the learned and weighty scientific works, from 
which alone hitherto the name of the commonest 
West African roadside weed might be laboriously 
extracted. J. P. M. Brenan 


Miocene Floras of the Columbia Plateau 

Part 1: Composition and Interpretation. By Ralph 
W. Chaney. Part 2: Systematic Considerations. 
By Ralph W. Chaney and Daniel I. Axelrod. Pp. 
vill + 237 +44 plates. (Publication No. 617.) (Wash- 
ington, D.C.: Carnegie Institution of Washington, 
1959.) 4.26 dollars ; Cloth bound 4.76 dollars. 


HIS excellent and comprehensive review of the 

Middle to Late Tertiary floras of the Western 
United States is for the most part a revision and 
synthesis of the research work carried out in the 
University of California by Emeritus Prof. Ralph 
Chaney and Dr. D. I. Axelrod, who have contributed 
many papers on this subject covering a period of 
more than forty years. The results of their research 
and that of earlier workers on the composition of the 
floras is brought together and from the result of 
this synthesis deductions are made as to the ecological 
and climatic features under which the floras existed. As 
an example, they find evidence that as a result of the 
increasing altitude of the Cascade Range during the 
Pliocene the conditions became drier and hotter and 
many constituent types of plant disappeared ; 
e whereas on the eastern sides of Asia and North 
America” where the climates have remained moister 
these types still persist as constituents of the 
floras. 

The second part of the review consists of what is in 
essence a catalogue raisonné of the fossils. These are 
well illustrated in the plates and there are also photo- 
graphs of present-day vegetation in the United States 
for comparison with that of the Tertiary. 

J. WALTON 


Memoirs of the Geological Survey of Great Britain 
Palæontology, Vol. 4, Part 2: Fossil Plante of the 
Carboniferous Rocks of Great Britain. By Dr. Robert 
Crookall. Second edition. Pp. iv+865-216+plates 
25-58. (London: H.M. Stationery Office, 1959.) 
110e. net. 


HE Geological Survey of Great Britain is 
publishing a complete account of the Coal- 
measure plants of Great Britain. This work representa 
the second part of the series on palmontology of 
which the first (pages 1—84) appeared in 1955. Like 
its predecessors it gives references exhaustively ; 
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deacriptions are full and amply illustrated by photo- 
graphs. The photographs indeed repay study with a 
fairly strong hand lens ; structures 0-1 mm. apart can 
just be resolved. It is very like the memoirs being 
produced elsewhere on the same subject; as far as I 
can judge, the work is of equal completeness and 
quahty, though the paper and margins may be less 
sumptuous. Like them, it seems written mainly for 
the geologist who has to correlate a rock by means of 
ite fossil plants, and what is more, does it by the well- 
tried hand-lens methods. In the course of bemg 
complete, the present volume, mentions microscopic 
work done by others, but does not add to it. If the 
botanically minded fossil botanist wants such 
information, he can determine his plant here, but then 
do all his own work. The treatment is conservative ; 
the several subgenera used by some are rejected and 
though new species are made, their numbers are 
moderate. The only really adverse criticism to be 


made is at the very slow production. Kidston’s 
Volume 1 of the series is dated 1923—25. 
T. M. Harris 


Strahlenblologie 
Grundlagen und Ergebnisse. Von Prof. Dr. Hedi 
Fritz-Niggli. Pp. xvi+379. (Stuttgart: Georg 
Thieme Verlag, 1959.) 65 D.M. 

ROF. FRITZ-NIGGLI deserves congratulation 

for a masterly review, with 28 pages of references, 
of a subject that 1s difficult to make into a logically 
coherent whole. Though the reader is left feeling 
that the core of the subject, the cause of radio- 
biological damage, is as mysterious as ever, that is 
not the fault of the author. A further feeling, sur- 
prising and depressing, results from the author's 
pamstaking historical research ; this is that many of 
the facts that became familiar ‘during the post-bomb 
wave of radiobiological research were just as familiar 
during the post-X-ray-radium wave at the beginning 
of the century. Good examples are the effects on 
blood cells and embryos, which were studied in 

amazing detail between 1903 and 1908. 

A commendable feature of the book is that each 
branch of the subject is introduced with a short 
sketch of the basic knowledge needed to follow it ; 
but the reader’s education is rather peculiar. He is 
told that the atoms m a gram of hydrogen if placed 
end-to-end would stretch 76 times round the Earth’s 
solar orbit, that proteins have large molecular 
weights and that nucleic acids are biologically 
important ; but it is assumed that he knows how to 
distinguish & gynogenetic from an androgenetic 
haploid habrobracon. Fortunately his knowledge of 
histology is assumed to be imperfect; he is shown 
normal pictures for comparison with the abnormal. 
The book is attractively written and printed, with 
good illustrations and plenty of tables and ingenious 
but rather brain-twisting diagrams. 


Die Aktivlerte Essigsäure 
Das Coenzym A und seme Acylderivate im Stoff- 
wechsel der Zelle. Von Dr. Karl Decker. (Sammlung 
Chemischer und Chemisch-technischer Beiträge, Neue 
Folge, Nr. 67.) Pp. viii+-300. (Stuttgart: Ferdinand 
Enke Verlag, 1959.) Ganzleinen 74.80 D.M. 
HE index of this monograph might almost be 
that of a general text-book of biochemistry : so 
wide-spread are the functions of coenzyme A. It is 
difficult to realize that this coenzyme was discovered 
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only about ten years ago and that the mass of funda- 
mental knowledge described in this book was mostly 
gained within that short time. Coenzyme A is a 
catalyst which is built up in the body from panto- 
thenic acid, one of the vitamins of the B complex. It 
acte as a carrier of acid groups, particularly acetate ; 
the acid, when combined as a thiol ester with the 
coenzyme, can take part in reactions which do not 
‘occur with the free acid. The acetyl derivative of 
coenzyme A (‘activated acetic acid’) 1s a key inter- 
mediate substance m the body, for it is on the direct 
pathway for the metabolism of carbohydrate and fat. 
It is involved in many other important biochemical 
processes such as the synthesis of cholesterol, the 
acetylation of drugs like the sulphonamides and the 
formation of acetylcholine, one of the chemical 
transmitters of nerve activity. 

All these, and many other functions of the co- 
enzyme, are described and fully documented. The 
early chapters deal with the events leading to ite 
discovery, and with its preparation, properties and 
estimation. The information is well set out, much of it 
in tabular’ form, and the literature is covered up to 
and including 1968. It may be worth mentioning 
that the high cost of materials for present-day 
biochemical research is not only due to the need for 
expensive isotopes, for the cost of a gram of com- 
mercial coenzyme A runs into hundreds of pounds. 
Beside this, the cost of the book may not seem 80 
high. It is very useful to have all this information 
collected together and the book should be in every 
biochemical library. D. C. Harrison 


‘Tables of Physical and Chemical Constants and 
some Mathematical Functions 

By Dr. G. W. C. Kaye and Dr. T. H. Laby. Prepared 

under the direction of an Editorial Committee. 

Twelfth edition. Pp. vui+231. (London: Long- 

mans, Green and Co., Ltd., 1959.) 25s. net. 


HE latest edition of this admirable book is, like 

its predecessors, an outstanding work of reference 
of which its editorial board and contributors can be 
justly proud. So many complimentary things have 
been said in the past about previous editions that 1t 
is difficult to add anything more. Suffice it to say 
that the present edition more than maimtains ite great 
tradition for accuracy and clearness in the presenta- 
tion of the abundant data, and that it remains an 
indispensable book for all students of physics and 
chemistry and their teachers. 

The tables have been thoroughly revised and 
brought up to date, and certain sections, like radio- 
active and stable isotopes, have been extended to 
bring them into line with modern times, while the 
general atomic constants have been entirely recal- 
culated. 

Extensive changes have also been made in the 
chemistry section, in particular with chemical thermo- 
dynamics and electro-chemistry, while in the physics 
section the main revisions have been under the 
headings time, elasticity, full radiation and atomic 
physics. But in spite of the inevitable changes and 
modifications, this edition has the same essential 
features as before. It is still “Kaye and Laby’’, the 
friend and guide of countless numbers of students of 
successive generations, for it continues to be a com- 
pletely reliable source of an amazing amount of 
essential material expressed so clearly, concisely and 
accurately. T. M. Yarwoop 
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Atomic Terminology 


A Dictionary of Nuclear Science, Engineering and ° 


Technology in Four Languages (English-GQerman- 
French—Italian). Compiled by Lore Lettenmeyer. 
(Die Fremdsprachen in der Prexis, Reihe B, Band 
1.) Pp. 298. (Múnchen: Isar Verlag; London: 
Temple Press, Ltd., 1958.) 42s. net. 

THIN the limits ofits scope, “Atomic Termino- 

logy” is a model of what a. multilingual 
dictionary should be. Im the main part of the work, 
where the order is English alphabetical, each of the 
1814 entries is given a number; this number ig 
repeated before the German, French and Italian 
equivalents, and is also used in the indexes in each 
of these three languages. English synonyms are 
listed together, but each appears also in its alpha- 
betical place with a cross-reference. The fact that 
the number of synonyms is, on occasion, 88 many as 
thirteen indicates the thoroughness with which the 
compilation has been carried out. 

The keeping of the dictionary to pocket size hag 
naturally imposed lmmitations: there are no defini- 
tions, and no information about sources, so that the 
user cannot tell a priors which forms are in common 
use and which, if any, have been coined by the 
compiler. Nevertheless, the general impression 18 
one of careful and reliable lexicography, and this is 
confirmed by the extreme paucity of obvious errors : 
half a dozen misspellings such as ‘Cockroft’, and as 
many termmological inexactitudes such as ‘restricted 
theory of relativity’, in almost 300 pages. Dr. 
Lettenmeyer’s valuable work is to be warmly recom- 
mended to all who have occasion to seek quick 
reference to correct equivalents of terms in the 
field of nuclear energy. J. B. SYKES 


Electromagnetic Phenomena In Cosmical Physics 
Edited by B. Lehnert. (International Astronomical 
Union Symposium No. 6, held in Stockholm, August 
1956.) Pp. xiii +545. (Cambridge: At the University 
Press, 1958.) 50s. net. 


HIS volume testifies to the increasing interest m 

electromagnetic phenomena which has character- 
ized research in cosmical physics during the past 
decade. It 1s a subject in which simultaneous develop- 
ment and combination of theoretical, experimental 
and observational work are necessary, and this ia, 
reflected in the topics discussed at the symposium. 
Part 1 is devoted to magneto-hydrodynamics, and 
both theory and laboratory work arə discussed. Tho 
paper by W. H. Bostick on the experimental study 
of plasmoids is of especial interest. 

Part 2 is devoted to solar electrodynamics, Part 3 
to stellar magnetism and Part 4 to solar and inter- 
planetary magnetic fields. The papers in these three 
parts give a good indication of the importance of 
electrodynamic phenomena in astrophysics. It is not 
surprising that in this very live field few of the papers 
reach final conclusions, and they serve to emphasize 
how little we really know about the phenomena. 

Part 5 is mainly concerned with cosmic rays, Part 6 
with high current discharges and Part 7 contains a 
number of additional contributions on various 
subjects. From the vigorous discussions after the 
papers it is clear that the symposium was a success 
and of much benefit to the experts. The casual 
reader will not find this collection of papers suitable 
for general reading, and must await the production 
of a more systematic treatment of the subject. 

R. H. Garstane 
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Nuclear Reactor Physics 
By Prof. Raymond L. Murray. Pp. xi+317. (London : 
Macmillan and Co., Ltd., 1959.) 30s. net. 


HIS is a reprint of the 1957 American edition 

and therefore contains no references to develop- 
ments since 1956. It presents a clear and concise 
introduction to the basic ‘equations and physical 
concepts, and its reappearance at a price which is 
now within reach of the student is to be welcomed. 
The author covers the basig areas of reactor physics, 
starting with those problems for which simple 
mathematical models provide an adequate approxi- 
mation, and develops the power of the mathematical 
techniques as the book proceeds and as they are 
needed to cover the later, more complex, problems. 

A feature of the text is the illustration of each 
development of the theory by applying it to a specific 
physical problem ; a list of problems is also provided 
at the end of each chapter. These provide a very 
effective technique for showing the student what can 
be done with the theory. 

The reader should, however, note that although this 
book is an excellent elomentary text, the use of 
modern high-speed computing machines has meant 
that the calculation procedures currently in use for 
the solution of reactor problems differ appreciably 
from those described in Prof. Murray’s book. 

J. FELL 


Physics and Mathematics 

Vol. 3. Edited by Donald J. Hughes, J. E. Sanders 
and J. Horowitz. (Progress in Nuclear Energy, Series 
1.) Pp. viii+403+xii. (London and New York: 
Pergamon, Press, 1959.) 105s. net. 


HE second (1958) Geneva Conference on the 

Peaceful Uses of Atomic Energy differed from 
the first in that the declassification of much of the 
early work was complete, and so attention was 
concentrated more on critical appraisal and inter- 
pretation, rather than on the mere presentation of 
data. 

This third volume in the series ‘Physics and Mathe- 
matics” contains a selection of some twenty-one 
papers considered by the editors to be the most 
significant contributions to the dozen or gso sessions 
on the physics of atomic energy. There can be no 


doubt that several of the papers, which cover the 


fields of neutron cross-section measurement, the 
physics of fission, neutron thermalization theory, and 
other aspects of reactor physics, are of great sig- 
nificance. For example, Leachman’s paper on “The 
Fission Process” fills a very definite need for a read- 
able review of recent data and theories on this 
controversial subject. 

It can inevitably be argued that certain papers 
have been included the fields of which are too narrow, 
and that other, possibly better, papers have been 
excluded. It 1s the opinion of this reviewer, however, 
that the volume contains a selection of papers which 
wil form a most useful reference work for any 
physicist interested in the more fundamental aspects 


of reactor physics. E. R. Raz 
A Student’s Introductlon to Physics 
By Franklin Miller, Jr. Pp. xv+608. (London: 


Routledge and Kegan Paul, Ltd., 1959.) 50s. net. 


HE author of this copiously illustrated text-book 
believes that all students can, and should, be 
familiar with the basic principles of physics, and 
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accordingly he covers the whole field from its nature 
to the structure of the atom and nuclear energy. 

The student requires no mathematics beyond 
simple algebra, and principles are emphasized rather 
than technological applications, though several of 
these are dealt with. 

For a text in elementary physics there are several 
departures from the orthodox presentation. For 
example, the structure of the atom is introduced very 
early and students become acquainted with protons, 
electrons, neutrons and isotopes almost at the start. 
For a book of this scope I agree this is the correct 
approach, since there ıs no doubt much interest 18 
taken nowadays by the ordmary student in anything 
pertaining to what ıs termed ‘modern physics’, 
and the early introduction must act as a stimulus 
to learn more about the principles of classical 
physics. 

Another sensible innovation is the elimination of 
all reference to conventional positive current; the 
text deals only with direction as indicated by the 
electron flow. 

Metric and f.p.s. units are used in *mechanics, 
but only M.K.S. units are used in the section on 
electricity and atomic physics, thus keeping in Ime 
with modern practice. 

Many worked examples, questions and problems 
are included m the book; the text, supported with 
many diagrams and illustrations, is well written and 
thoroughly done and it should certainly fulfil the 
aim of its author. T. M. YaRwoop 


Analyse de Variance et Plans d’Expérience 

Par Prof. Daniel Dugué et Prof. Maurice Girault. 
(Probabilités Statistique—Recherche Opérationnelle. 
Section B: Statistique Mathématique.) Pp. xiii-+68. 
(Paris: Dunod, 1959.) 800 francs. 


HIS short book gives a compact account of the 

elements of analysis of variance and experimental 
design. By English standards, its compounding of 
very elementary ideas on standard distributions and 
models with methods for design construction based 
upon Galois fields and vector spaces reads strangely ; 
however, this book appears to be a successful execu- 
tion of this intention. Necessarily the limitation of 
length prevents adequate critical discussion of the 
ways in which the designs should be used. Ascription 
of the distribution of the ratio of two independent y? 
variates to ‘Behrens—Fisher’ is surprs ing. 


D. J. FINNEY 


Between Earth and Space 
By Dr. Clyde Orr, Jr. Pp. ix+253+8 plates. (New 
York: The Macmillan Company, 1959.) 34s. 6d. 


HE future of mankind has always been a con- 

cern. of thinkers, the deleterious effects of Man’s 
own activities having prompted many pamphlets. 
The substance of such a tractate might well be drawn 
from the last two chapters of this book. One of these 
deals with atmospheric pollution, and here, as might 
be expected from a chemist, Dr. Orr is at his best, 
the subject-matter being of higher quality than is 
suggested by such a poetic title as “A Ravaged 
Realm”. 

The twelve earlior chapters give a non-technical 
account of man’s environment and its evolution. 
The presentation is more that of a popular lecture 
than that of a text-book and flows easily. As seems 
inherent in this type of treatment, there are state- 
ments as of faot which the specialist would accept 
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only as possible hypotheses. The initiate is, however, 
not seriously misled, being shown a balanced picture 
with a spice of the more spectacular phenomena. 

A selected reading list is given of some two hundred 
references from a wide variety of sources largely of a 
popular or semi-popular nature. This list is not 
classified, there is no reference to it in the text, nor 
is there any indication of which part of each reference 
is thought to be apposite. To pursue every reference 
would take even the most assiduous reader quite 
some time, an unduly heavy task to develop from an 
easily read book which itself supplies good light 
relaxation. B. R. LBATON 


Man’s Conquest of the Stars 
By Pierre Rousseau. Pp. 356. (London: Jarrolds, 
Publishers (London), Ltd., 1959.) 25s. net. 


N this book the author has attempted to show how 
the development of astronomical science has in- 
fluenced, and been influenced by, human methods 
of thought. When primitive man first turned to 
agriculture he needed the stara to forecast the 
changes of the seasons. The sophisticated thinkers 
of the Greeks attempted to encase astronomy in their 
different philosophies—-whether the perfect circles 
of Plato or the divme harmony of Pythagoras. When 
Europe was submerged by the Dark Ages, the Arabs 
maintained the study of astronomy, chiefly to ensure 
that the Moslem hours of prayer were accurately 
fixed. When the Renaissance dawned, the new 
discoveries of astronomy helped to break the chains 
that fettered human thought. In succeeding centuries 
the great explorations stimulated the study of 
navigation, and the industrial revolution made 
possible the construction of instruments of greater 
power and accuracy. 

This history is fully developed in M. Rouaseau’s 
book; but the most powerful part is his discussion 
of the contribution of the seventeenth-century 
scientist-philosophers Descartes, Newton, and their 
contemporaries. They invented methods which led 
directly to the ‘scientific method’ as we understand 
it to-day. The author assesses the stature of each new 
school of astronomy by the closeness with which 
it adheres to this method. 

It should not be thought from the above remarks 
that this is a closely reasoned philosophical treatment 
—the style is racy and frequently enlivened by 
anecdotes. However, this style is virtually irrecon- 
cilable with spherical astronomy, which is made 
unnecessarily obscure in comparison with the rest of 
the book. D. H. P. JONES 


Astronomy 

A Textbook for University and College Students. 
By Dr. Robert H. Baker. Seventh edition. Pp. viii+ 
547. (Princeton, NJ.: D. Van Nostrand Company, 
Inc.; London: D. Van Nostrand Company, Ltd., 
1959.) 52s. 6d. 


HIS work is an excellent descriptive handbook 

of modern astronomy and astrophysics. It is the 
seventh edition of a book originally published in 1930, 
but has been completely rewritten and embraces all 
new developments up to 1958. However, it is not 
encyclopsedic in approach; the author has been at 
pains to describe the context as well as the content of 
each section so that the subject appears as an organic 
whole. Thus radio-astronomy appears not as a gelf- 
contained unit but as the means for demonstrating 
the spiral nature of our galaxy, the size of which is 
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known from optical means. The photo-electrie 
measurement of the apparent brightnesses of stars is 
shown to lend a greater precision to the cosmic 
distance scale. Earth satellites had not made much 
direct contribution to astronomy at the time of pub- 
lication, and they receive a correspondingly small 
mention. : 

All this information is conveyed in a lively and 
lucid style and there are plenty of really good photo- 
graphs. Line diagrams are often used to. illustrate 
more obscure points. In the preface the-author states 
that no special knowledge of mathematics or physics 
is required ; this rather vitiates its value as a univer- 
sity text-book. However, it would make a good 
reference to the descriptive part of a general course 
in astronomy as well as being an intelligible intro- 
duction for the layman. D. H. P. Jonass 


The Sun and Its Influence 
An Introduction to the Study of Solar-Terrestrial 
Relations. By Prof. M. A. Ellison. Second edition 
(revised). Pp. xiv+237-+9 plates. (London : Rout- 
ledge and Kegan Paul, Ltd., 1959.) 26s. net. 

HE second edition of Prof. Ellison’s book is the 

same as the first except for a few corrections 
and an added description of the solar cosmic ray 
event of February 23, 1956. The book is an authorita- 
tive factual description of solar activity and its 
terrestrial effects. It is written for the general reader, 
but provides a stimulating narrative for students or 
workers interested in any of the phenomena operating 
between the Sun and the Earth. The solar problems 
studied are the solar atmosphere, solar radiation, 
radio emission and various aspects of the solar cycle: 
Special attention is given to solar flares. The main 
terrestrial effects are to be found in the iono- 
sphere, the Earth’s magnetism, and aurors. 

0O. W. ALLEN 


A Concrete Approach to Abstract Algebra 

By Prof. W. W. Sawyer. Pp. v+233. (San Fran- 
cisco: W. H. Freeman and Co.; London: Bailey 
Bros. and Swinfen, Ltd., 1959.) 1.25 dollars; 
108. 6d. (paperbound). 


ie abstract algebra, the novice is sometimes per- 
plexed by the contrast between the almost 


ludicrous simplicity of the techniques and the pro-, 


fundity of the concepts, and may accept the logic of 
a modern text without acquiring any real grasp of 
the subject. To help him, Prof. Sawyer begins with 
a simple concrete model: a child with no arithmetic 
and no English, placed in an English schoolroom, 
might soon learn to associate the onses ‘four’ 
and ‘‘six’’ with the teacher's demands, “Two and two 
make . . .”, “Two times three ig .. . ”, and thus 
arrive at formal addition and multiplication tables 
without having any knowledge of the specific charac- 
ter of the elements to which these tables apply. 
By insistence on such concrete models, the author is 
able to emphasize the structure of an algebra, to deal 
with such topics as finite arithmetics, extensions of 
fields, and vector spaces, without inducing a feeling 
of unreality. A final good chapter shows how these 
notions can be applied to the familiar old problem 
of the trisection of an angle. Prof. Sawyer writes 
clearly and entertainingly: there are many non- 
mathematicians who want to know what modern 
mathematics is doing, and they will find this book 
helpful, though some references for further reading 
might well have been supplied. 


Bi 
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Differential Geometry 
By Prof. Erwin Kreyszig. (Mathematical Exposi- 
tions, No. 11.) Pp. xiv+352. (Toronto: University 
of Toronto Press; London: Oxford University 
Press, 1959.) 488. net. 


HE calm backwater of classical differential 

geometry was stirred up by the general theory of 
relativity and is now once more in the main stream : 
Prof. Kreyszig keeps within familiar euclidean space, 
but has in mind extensions $o Riemannian geometry. 
He first deals with the curvature and torsion of a 
curve, defined rather artificially as normalizing 
factors for certain vectors associated with the curve, 
but quickly related to the more concrete notion of the 
components of the angular velocity of the fundamental 
orthogonal triad. Then he discusses the first and 
second ground forms for a surface and geodesic 
curvature, using tensor methods which are introduced 
and elaborated as they are needed. This part of the 
book gives the minimum which every mathematician 
must know, and Prof. Kreyszig has taken pains to 
make the argument both detailed and rigorous. For 
the rest of the book he selects certain more advanced 
topics of importance. There is a very good chapter 
on mapping, in which the unifying power of this 
concept is illustrated. Another chapter deals with 
Levi-Civité’s parallel displacement as an introduction 
to the general theory. The final chapter covers & 
variety of special topics, such as minimal surfaces 
and surfaces of constant Gaussian curvature. Exer- 
cises for the student are interesting and not oppres- 
sively numerous. The teacher should find this book 
helpful because of the care with which topics have 
‘been chosen from & very wide field, and because of 
the skill with which analytical rigour and geometrical 
intuition have been mated. 


Britain’s Natlonal Parks 
Edited by Harold M. Abrahams. 
photographs. 
258. net. 
HEN the first British national park was 
designated ten years ago it was hoped, in 
Lord Brrkett’s words, that “the fairest places in these 
islands will be secure from all assault arising from 
accident or design”. With ten parks created this has 
e proved to be far from the truth, and those who 
administer the parks need all the support they can 
get to resist the encroacher, both private and public. 
This beautiful book, made up of a series of articles 
by men and women who know their parks lovingly 
and intimately, supported by photographs of the 
quality one expects from the publisher, should 
encourage all readers to join the ranks of those who 
see to it that encroachments are not made without 
due cause. 


Pp. 151+40 
(London: Country Life, Ltd., 1969.) 


British Industries and Their Organization 

By Prof. G. O. Allen. Fourth edition. Pp. xi+332. 
(London: Longmans, Green and Co., Ltd., 1959.) 
268. net. 


lie this edition Prof. Allen has largely re-written his 
book, which was first published in 1933 and sub- 
stantially revised in 1951. The first chapter, which is 
substantially unaltered, traces the chief features of 
British industrial growth up to 1914, and the second 
chapter, much enlarged, outlines the economic history 
of the period from 1914 to 1959, so far as is relevant 
to the main theme of the book. The remaining ten 
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chapters are concerned with particular industries ; 
but, as in previous editions, the chemical and eles- 
trical industries are not mecluded, and the book 
suffers a little in consequence. The select biblio- 
graphy has also been completely revised. 

R. BEIGETMAN 


Biographical Memoirs of the National Academy of 
Sclences of the United States of America 

Vol. 33. Pp. vi+484+16 plates. (New York: 

Columbia University Press; London: Oxford Uni- 

versity Press, 1959.) 40s. net. 


HE ‘Biographical Memoirs” of the U.S. National 

Academy of Sciences are the counterpart of the 
Obituary Notices of the Royal Society, and Vol. 33 
worthily maintains the high standard. The memoirs 
it contains are noteworthy for the completeness 
of the bibliographies appended to each memoir, but 
the time-span is exceptional, ranging from Josiah 
Boyce (September 14, 1916) and M. C. Wood, jun. 
(January 3, 1920) to P. D. Merica (October 20, 1957), 
though apart from Dunham Jackson (1944) and T. H. 
Morgan (1945) the subjects of the remaining memoirs 
died between 1950 and 1957. Among the memoirs 
likely to be of the widest interest to British readers 
are those of Isaiah Bruman, R. A. Millikan and L. F. 
Small. 


The Wealth of India 

A Dictionary of Indian Raw Materials and Industrial 
Products. Raw Materials, Vol. 5: H-K. Pp. 
xxv +332 -+-xii +16 plates. (New Delhi: Council of 
Scientific and Industrial Research, 1959.) Rs. 30. 


HE appearance of the fifth volume of this work 

will be welcomed, the first volume having 
appeared twelve years ago. According to the chief 
editor’s introduction it is considered that half the 
total work has now been printed. With the machinery 
for the preparation of this gigantic task now appar- 
ently well organized and tried, 11 may be that the 
remaining five volumes will be completed in a shorter 
time. It would seem that the task may well take 
twenty years to complete. This is not unduly long, 
however, when one considers how long other similar 
large tasks, involving several authors, take to com- 
plete. For example, some of the large tropical 
floras now in preparation are unlikely to be completed 
in less than twenty or even thirty years. 

This volume follows a similar pattern to the 
previous four volumes and contains a great deal of 
useful information presented in a form readily intellig- 
ible to the ordinary reader. It is well illustrated with 
line drawings, photographs and a few coloured plates. 
The coloured frontispiece is the sunflower (Heltanthus 
annuus), which is, of course, of American orgin. A 
typically Indian economic plant would perhaps have 
been more appropriate. 

The volume deals with the raw materials falling 
under the lettera H-K. It contains 380 entries—370 
on plants, 7 on animals and 3 on minerals. The 
preponderance of plant raw materials, compared 
with animal and mineral, is no cause for surprise to 
those familiar with the amazing richness in economic 
plants which Nature has so generously bestowed upon 
the Indian sub-continent. Important products in 
this volume include—Hevea (rubber), Hibiscus (with 
several different economic plants), Hordeum (barley), 
Hydnocarpus (chaulmoogra oil), Indigofera (dyes), 
Ipomoea (sweet potato}, jade, Jasminum (perfumes) 
and Juglans (walnut). F. N. Howes 
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applied intermittently to the fine grains subjected. to 
the ‘grinding’ actions in each of these types of 
apparatus. 

That a real pressure component 1s operative in the 
action of the mortar assembly was shown by increasing 
or reducing the weight of the pestle-head assembly by 
means of a suitable weight or counterpoise to twice 
or one-sixth the normal weight. Thus, although 
about 20 per cent conversion of calcite to aragonite 
was achieved by only 13 hr. of grinding under normal 
weight, and about 5 per cent in the same time under 
half the normal weight, more than 100 hr. under the 
one-sixth weight failed to produce detectable amounts 
of aragonite. Presumably the greatly reduced weight 
of pestle is not sufficient to generate pressures greater 
than 3,000 bars on the calcite, leaving it still in its 
equilibrium field. Another example is the litharge— 
massicot transition of lead oxide in which litharge is 
the low-pressure (and also low-temperature) form. 
The action of the hght-weight pestle (under nitrogen) 
will drive thassicot readily to the stable litharge (this 
being merely the effect on kinetics due to bond 
breakage), but if litharge is the starting material no 
change to massicot is observed. To accomplish the 
latter the heavier pestle xs necessary, presumably 
since only then is enough pressure available to reach 
the magsicot field. On the other hand, the heavy 
pestle will produce some litharge when acting on 
massicot, because all values of pressure up to the 
maximum must be encountered, since the appara- 
tus of necessity produces a whole ‘spectrum’ of 
pressures. A simular example was found on grinding 
a mixture of the senarmontite and valentinite forms 
of Sb,0 ge 

Thus it is clear that the stresses causing fracture 
generally operate to accelerate reactions, although 
the effect is larger in some pairs of structures than in 
others. Superimposed on this kinetic effect is a 
hydrostatic effect. Detailed verification of 
the separability of the ‘stress’ and pressure effects 
has been effected’ in an uniaxial high-pressure device® 
so modified that a slow continuous oscillating dis- 
placing shear action by the movement of one piston 
through 2° of aro is applied to samples (of the above 
compounds) simultaneously subjected to high pres- 
sures and temperatures. It is sufficient to mention 
here that it has been established that stresses in the 
form of displacing shear do not alter equilibrium 
pressures of transitions (within the experimental 
limits), although they do contribute enormously to 
the rates of such reactions. 

Burns and Bredig? have already pointed out that 
the possibility of phase transformations taking place 
on grinding must be taken into account in explaming 
discrepancies in the behaviour of calcium carbonate. 
Our results show that: (1) ‘grmding’ or mixing, in 
both ‘automatic mortars’ and ‘Wig-L-Bug’-type 
shakers not only can introduce appreciable amounts 
of surface and stram energy but also can quite 
generally cause the formation of high-pressure phases ; 
(2) the effective maximum in the ‘spectrum’ of 
hydrostatic pressures obtained in such instruments 
is not less than about 15,000 bars; (3) in addition to 
the quasi-hydrostatic pressures exerted, the shearing 
stresses causing the breakage of bonds and/or the 
storage of strain energy result m a very marked 
acceleration on the kinetics of such transformations. 

This work was done as part of the high-pressure 
studies under contract with the Office of Naval 
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Research, Metallurgy Branch, NON R-656(20). We 
are also indebted to S. Merrin and D. Corrigan, who 
carried out some of the experiments reported. 
Frank DacHILLE 
Rustom Roy 
Department of Geophysics and Geochemistry, 
Pennsylvania State University, 
University Park, Pa. Feb. 10. 
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Strontium-90 in the ‘Mixed Layer’ of 
the Atlantic Ocean 


OCEANOGRAPHY and marine geochemistry have 
only relatively recently been able to take advantage 
of isotopic tracer techniques; unfortunately, the 
conceptual framework devised for wotope studies in 
biochemistry and physiology is not readily applic- 
able to systems of very large spatial extension. 

In considering the significance of the ocean 
reservoirs in the geochemistry of carbon dioxide, and 
in using the distribution of carbon-14 to derive rate, 
of ocean mixing in both vertical and horizontal 
planes, it has been conventional! to divide the oceans 
into shallow surface reservoirs assumed to be well 
mixed, and deep reservoirs assumed to be only slowly 
renewed from the surface. Since, in some applications, 
the quantitative expression of this picture is extremely 
sensitive to the assumed depth of the surface 
reservoir, and to its rate of renewal from below, it 
seems important to point out that these parameters 
are measurable by using relatively short-lived 
radioisotopes, which are added to the system at the 
surface. In the case of the Atlantic Ocean, North 
and South, this condition is well met by radioactive 
strontium-90 from bomb test fall-out. To the Atlantic, « 
strontium-90 has been added, measurably? only as 
fall-out to the ocean surface. In this form the isotope 
is wholly soluble in water?; and in sea water, the 
dilution of the radioisotope by both stable strontium 
and steble calcium in solution is so great that 
neither biological nor chemical processes produce 
significant changes in strontium-80 concentration. 
Thus, its vertical transport depends wholly on vert- 
ical movement of the water in which it is dissolved. 

As a part of an extended study of the marine 
geochemistry of long-lived radioisotopes from fall-out, 
we are obtaming & number of series of measurements 
of the change in strontium-90 concentration with 
depth in the ocean. Some of these measurements, 
together with descriptions of the methods employed, 
have been published®. We now present (Table 1) 
seven series of strontium-90 analyses, all but one 
previously unreported. These series agree in showing 
very significant concentrations of radiostrontium at 
depth in the open ocean, both north and south of the 
equator. The number of analyses is still too few to 
justify very precise integration of the ourves of 
strontium-90 versus depth, but an average concen- 
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Table 1. STRONTIUM-90 IY ATLANTIC WATER COLUMNS 


Station position 15° 49’ S, 


35° 50° W. 
1/2.4.57 


8° 20’ 8, 
7° 48’ B. 


16° 15’ N. 
48° 37-5 W. 


Date collected 


‘Gr disinteg./min. 
per 100 ites at 
depth 





36° 23’ N, 
70° 33° W. 


31° 15’ N. 


84° 30’ N. 34° 30’ N 
68° 10° W. . 


67° 24° W., 


11/12.7.58 15/16.7.58 


10°5 + 0:6 1009 +0 6 


77 +068 
3°0 406 
23440 


4140868 
<10 


Oht HHH 
too coo 

Oe DAIS 
Mim mM 
“ee oboe 
HHH HHH 
COO ecco 
HM Nea 


Note.— Deviations reported are those expected from counting statistics only. 


tration, from 300 to 700 m., of about half the surface 
value, is indicated. The upper 100 m. appears likely 
to be well mixed, as generally assumed, with a sharp 
gradient from 100 to 300-400 m. Appreciable con- 
centrations at 1,000-1,200 m. are frequent, although 
we have never found measurable radiostrontium in 
samples from 3,000-5,000 m. 

We wish to emphasize here only two features of 
these distributions: the indicated mass transport, 
and the time-scale. The water columns so far sampled 
appear to have from three to four times as much 
total strontium-90 below 100 m. as remams above 
that depth ; and it is reasonable to assume that this 
radioisotope has all been added since mid-19544. The 
possibility of vertical transport by sinking along 
sigma-T surfaces appears to be strictly ruled out by 
the short times available, and the enormous horizontal 
«distances which would have to be traversed. A more 
or less direct vertical movement by wind-driven 
mixing is indicated. The facta of the close agreement 
of samples from 400-500 m. from the two 1957 
Sargasso Sea stations, and the significantly higher 
figures for the July 1958 stations, support the 
postulate of vertical transport during the winter 
period of surface-water cooling and high wind 
velocities. 

It is unfortunate that present uncertainty about 
the mechanism and rate of stratospheric fall-out 
should preclude conversion of our figures for total 
vertical transport of strontium-90 into annual rates 
of down-mixing (and hence of up-mixing) of ocean 

» surface-water im mid-latitudes. For this, more 
observations over a longer time span will be needed, 
and this will be profitably supplemented by the 
collections of precipitation which have begun on 
weather ships. It does now seem reasonable to point 
out that the same mechanism which has produced in 
three years at depths of 300-700 m, an approxi- 
mately 1:1 mixture of surface-layer strontium-90, 
and pre-1954 sub-surface strontium-90, would have 
produced the same sort of dilution of surface sea- 
water carbon-14. Broecker’s weighted average’ of 
carbon-14 in North Atlantic water at 200-400 m. 
very closely approximates this same 1:1 ratio. 
Clearly, to assign the reduction in carbon-14 activity 
to radioactive decay, and conclude a ‘crude age’ of 
290 years, become untenable, in the light of our 
demonstration that surface-added radioactivity 
reaches this same concentration ratio in three years. 
An attempt must be made to interpret these reduc- 
tions in specific activity, and that m the surface layer 
as well, as concentrations maintained 
by mixing processes. Unlike the situation in bio- 
chemistry, here the gradient area across the boundary 
between two reservoirs contains a major fraction of 


the tracer in the system. A very much larger flux of 
earbon-14 across the sea surface must then be 
postulated to maintam the very much greater 
reservoir indicated. Our strontium-90 measurements, 
as well as the first of the weather ship fall-out measure- 
ments’, indicate that much more fall-ou{ may have 
been delivered per unit area to the sea surface than 
has been reported for the land. It is of course possible 
simply that the sea surface is a more efficient collector 
of fall-out than any which have been devised for 
shore-based study, and that retention in the water 
column is more reliable than on soil. Without a 
theory of the processes responsible for this difference, 
if real, we cannot tell whether this may also help to 
clarify the problem of the transfer of carbon-14. 

A more detailed report of this work is being 
prepared for early publication elsewhere. Various 
aspects of the programme have been supported by the 
United States Atomic Energy Commission (contracts 
AT (30-1)—1918, AZ (30-1)—-2174), the United 
States Office of Naval Research (contract NONR- 
2196) and the United States National Science Founda- 
tion. Most of the stations mentioned have been 
collected as part of the U.S. International Geo- 
physical Year programme. 

Vaueuan T. BOWEN 


Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts. 


THomas T. Suarmarsa 


Department of Chemistry, 
Clark University, 
Worcester, Massachusetts. 
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CHEMISTRY 


Gas Content of Graphites 
ARTIFICIAL graphite for use in graphite-moderated 
nuclear reactors, as anodes for mercury vapour 
rectifiers, and crucibles for vacuum fusion work should 
contain little gas. Otherwise, when the graphite 
is heated to operating temperatures, the gas is de- 
sorbed, resulting in adverse effects. For example, 
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in the graphite-moderated nuclear reactor, hydrogen 
and carbon monoxide released from the graphite can 
interact with the fuel-cladding material (usually 
zirconium or stainless steel), resulting in hardening 
and embrittlement of the metal. Released carbon 
monoxide can disproportionate on cooler metal heat- 
exchanger surfaces depositing carbon, resulting in an 
adverse effect: on. the heat-transfer and flow properties 
of the system. 

The present communication summarizes briefly 
resulta on the gas released from typical nuclear 
graphites (and an electrode graphite, for comparison) 
when d at an upper temperature between 
1,500 and 2,000°C. in vacuo. For the degassing 
studies, a pumping system consisting of a liquid- 
nitrogen, cold trap and a two-stage Van-Hespen 
mercury diffusion pump was used. Power to heat the 
graphite samples (1 in. long by 4 in. diam.) was 
supplied by a 5-kW. high-frequency induction 
generator. 

Table 1 presenta results for the gas released from a 
sample of enuclear (A) and a sample of electrode 
graphite. Both graphites were graphitized in an 
Acheson-type furnace, as described by Abbott?. For 
the nuclear graphite, the hitizng was done in a 
chlorine (gas purified) atmosphere*; and the cooling 
was done in helium. For the electrode graphite, the 
atmosphere during heating and cooling consisted 
primarily of carbon monoxide and nitrogen which 
diffused in through the coke packing material. There 
were also significant pressures of carbon dioxide 
and oxygen at lower graphitizer temperatures, where 
the packing material did not completely convert 
oxygen to carbon monoxide. 


Table 1, GAA RWLMASWD FROM GRAPHITBS WHEN HHATED TO 
EPLURvatap TawPBRATURES* 


Nuclear (A)t | Electrode} 


Total gas evolved ane 
Anal of gas e 


at 8.T.P. 
a Eip per seat) 


Water 
Hydrocarbons 





á * ee fee degassed to 1,900°0.; electrode graphite 
ae area, 0'3 m.*/gm.; porosity, 25-2 per cent; ash, <0-004 

per cen 

t Surface area, 0-4 m.*/gm.; porosity, 81-3 per cont; ash, 0 11 per 


cent. 
3 Not determined. 


For the results given in Table 1, runs were made on 


three different pieces of each graphite, with the 
results between each piece agreemg within 10 per 
cent. As expected’, a considerably smaller quantity 
of gas is released from the nuclear than from the 
electrode graphite. This cannot be accounted for by a 
difference in Brunauer—Emmeti—Teller surface area 
of the two materials. It is also noted that the per- 
centage of carbon oxides in the evolved gas from the 
electrode graphite is considerably higher than from 
the nuclear graphite. Undoubtedly, this is a result of 
chemisorption by the electrode graphite of carbon 
monoxide, carbon dioxide and oxygen in, the graphi- 
tizer and enhanced chemisorption of oxygen (because 
of the higher impurity content of the electrode 
graphite) at ambient temperatures following unpack- 

ing of the graphitizer. From other studies‘, it is 
senaleaaa that the hydrogen released from a nuclear 
graphite is chemisorbed primarily on carbon atoms at 
crystallite edges. 
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Fig. 1. Comparison o e integral and anrorenual degassing 
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Gas-release from a thermally purified nuclear 
graphite (B), as a function of outgassing temperature, 
is compared with that from the electrode graphite 
(previously discussed) in Fig. 1 and Table 2. Because 
of the large amounts of carbon dioxide desorbed 
from the electrode graphite at low temperatures, a 
maximum in the differential degassing curve occurs 
at approximately 500°C. Another maximum (and 
higher) in the differential degassing curve of electrode 
graphite will occur above 1,300° O. On the other 
hand, for the thermally purified nuclear graphite (B), 
gas release below 800°C. is small; and only one 
maximum in the differential degassing curve is 
indicated at about 1,200°C. Interesting points to, 
note from the resulta in Table 2 are : 

(1) For the nuclear graphite (8), significant 
amounts of hydrocarbons are found in the gas up to 
1,200° C. These gases consist mainly of C,H,, C,H, 
C,H, CH, and +90-C Ha, with C,H, predominant at 
the lower temperatures and C,H, predominant at the 
higher temperatures. It is uncertain what fraction of 
the hydrocarbons recovered is a result of reaction of 
carbon with desorbed hydrogen (ionized in the high- 
frequency induction-coil)*. Carter and Greening’ also 
reported hydrocarbons during the degassing of 
nuclear graphite. i 

(2) Considerably more water is recovered upon the 
low-temperature outgassing of electrode graphite | 
than nuclear graphite (B). Since water adeorption 
on carbon occurs’ ily at sites containing 
oxygen, this result is consistent with the fact that the 
electrode graphite originally contains more oxygen 


Table 2. ANALYSHS OF GAS BYOLVED FROM GRAPHITES OVER 
DISTYRERENT TAMPERATURE INCREMENTS 


Temperature Volume percentage of : Hydro- 
increments (° 0.) Hy co 00; H,0 carbons 
Nuclear (B)* 

20-600 “4 ‘8 16:9 7°7 20 °2 
600-800 8-9 10:8 10-0 4°6 30°7 
80)--1,000 54:6 7-2 3-1 2°0 82-2 

1,000-1,200 9 7'8 1-4 nil 27°4 

1,200-1,400 85:8 11-1 1:8 nil 1°8 

1,400-1,600 70 8 244 25 nil 2 4 
Electrode 

20-200 8-7 141 22°83 43-5 10:9 
200-400 4°8 21-4 59-5 11-9 2'4 
400-600 450 36-2 2-8 2:5 12-6 
800-800 61:0 38-3 nil nil 9-8 
800~-1,000 86 4 63-6 nil nil nil 

1,000-1,800 24-5 75:0 nil nil nil 


* Surfkee area, 0 4 m.*/gnmi.; poroslty, 25-2 per cent; ash content, 
<6:07 per cent. 


ee 


e 


efor about 50 per cent of the loss of weight. 


aa 7 NATURE 


Table -3, Evyrsor OF GRAPHITIZATION TRMPBRATURM AND ATNO- 


SPHERE ON SUBSEQUENT GAS RELBASE UPON DRGASSING AT 2,000° O. 


EA ( 
o 

SLE) 
Analysis op gas evolved (vol. 


cent) 
evoived (¢.0./gm. af 


per ao 
ydrogen 
arbor monoxide 
Carbon dioxide 





* The maxim hy e temperatures for I, I and IO aro 
2,800, 3,000 on and. 2,700° 0., respectively, 


(ultimately desorbed as carbon dioxide and carbon 
monoxide). 

(3) An increase in the carbon monoxide : hydrogen 
ratio of the desorbed gas at outgassing temperatures 
above 1,000°C. for the nuclear graphite (B) and 
above 600°C. for the ‘electrode graphite indicates 
that an important fraction of the carbon—oxygen 
complex leading to carbon monoxide has a higher 
thermal stability than has the chemisorbed hydrogen. 

Table 3 presents results for the gas released from 
three samples of graphite following heat treatment 
under different conditions. All samples were out- 
gassed at a maximum temperature of 2,000°C. 
Graphites I and IL were heated and cooled under an 
atmosphere similar to that used for the electrode 
graphite. Graphite TTI was treated in a halogen 
atmosphere and cooled, (flushed) in an inert gas 
atmosphere to about 1,500°C. It is seen again that 
the use of a halogen atmosphere during graphitization 
(and perhaps cooling, in part, in an inert atmosphere) 
is particularly effective in reducing the subsequent 
amount of gas released from the graphite. As pre- 
viously discussed’, this is related probably to enhanced 
removal of metallic impurities. These impurities can 
be oxidized and/or catalyse the chemisorption of 
gases on carbon. In the former case, the reduction of 
these metal oxides by carbon at high degassing 
temperatures leads to gaseous carbon oxides. 

The sample weight losses, given in Table 3, are a 
result of both gas desorption and metal volatilization. 
For example, for graphite I, each process accounts 
Con- 
siderable material was collected on the cool walls of 
the desorption chamber during the degassing of 
sample I. An emission spectroscopic analysis indicated 
that the main constituente of the deposit were 
silicon, iron and magnesium 

The kinetics of the adsorption and desorption of 
hydrogen on nuclear graphite will be reported on in 
more detail elsewhere. 

We thank the Atomic Energy Commission, Con- 
tract No. AT (30-1)-1710, for support of the above 
work, 

J. P. REDMOND 

P. L. WALEER, JUN. 
Fuel Technology Department, 
Pennsylvania State University, 
University Park, Pennsylvania. 
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Optical Properties of the 
xo-Dimethanesulphonoxyalkanes 


Tex well-known alternation of the melting points 
with chain-length of a homologous series of com- 
pounds (for example, the normal paraffins, mono- 
and di-basic fatty acids, n-acetyl L-amino-acids) has 
been observed in the series of aw-dimethanesulph- 
onoxyalkanes CH ,SO,0(CH,),O80,CH, 1. The melt- 
ing points of this series are shown plotted in Fig. 1, 
from which it 18 observed that the butane derivative 
(n = 4) exhibits a melting point which is very much 
larger than the rest of the series. A discontinuity 
of this kind is unusual, and it ıs of interest to examine 
it further. 
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in ether (O-4, butane derivative, etc.) 


The alternation in properties of the odd and even 
members of the aw-dimethaneaulphonoxyalkanes is 
reflected in their solubilities in an organic solvent, 
ether. Thus, as shown in Fig. 1, the odd and even 
series respectively show a linear relationship between 
their melting points, Tm, and the logarithm of their 
solubilities, S, that is, log S œw — Tm. In terms of 
the Clausius equation, for ideal solution : 


L 1 l Lf | Tm — T 
hng = — H d 2 bo a age rae aa 

R { A T Ta { RT } 
for constant-pressure conditions, where Lyr is the 
latent heat of fusion of the solute and T is the tem- 
perature at which the solubility (as the mole fraction) 
is measured. The rectilinearity between log S and 


Tm suggests that, over the limited range considered, 
Ty increases approximately proportionately to Tm. 


alT m — T) 
RT 


for the two series differ by a factor of about 4, 
suggesting that the change in Ly with chain-length 
in the even series is greater than that for the odd 
series. Similar effects have been observed with other 
series, for example, the fatty acids*. It will be noted 
that the butane derivative (n = 4) exhibits the 
solubility properties characteristic of the even series 
in this respect. 

The crystal form and optical constants of the 
compounds have been determined to examine whether 
the difference in the butane compound is easily inter- 
preted in terms of the crystal structure. The values 
obtained are given in Table 1. 


Then log S = — . The slopes of the lines 
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Table 1. Tam OPTICAL PROPERTINS OF THE co-DIMETHANBSULPHONOXYALKANES 


No, of 
methylene 
groups (#3) 


O D Oo t ih m6 


pan 


The compounds are white crystalline solids, 
although some difficulty is sometimes met in crystal- 
lizing the n-pentane member of the series : this com- 
pound was not used in this study. The three principal 
refractive indices were determined with a three-axis 
universal stage by the immersion method using 
monochromatic sodium light and the values given 
have @ reproducibility of + 0-002. The optic axial 
angle (2 V)ewas determined orthoscopically. 

The crystal habit of the compounds and the 
orientation of the elements of optical symmetry have 
been used to assign them to a crystal system. No 
goniometric measurements have been made, and more 
detailed work by X-rays is needed to determine the 
fundamental crystallographic constants. 

Optically, the compounds fall into two main groups : 
(a) those with n = 7-10; (6) those with n = 3-6. 
The optical constants of the compounds containing 
7-10 methylene units show good agreement with the 
results obtained from melting point and solubility 
determinations. Two sub-series can be recognized : 
those in which n is an odd number and those in which 
n is even. Crystallography, optic axial angles, 
refractive indices and birefringence all accord within 
each sub-series, but can be used to distinguish 
between them. 

The compounds for which n = 6 or less show no 
such simple relationship. The butane derivative 
(n = 4), which is abnormal in the melting point 
sequence, shows good agreement optically with the 
series n = 8-10, indicating that its abnormality is 
not due to fundamentally different crystal structure. 
The compounds in which n= 3 and n = 6 show 
rather unexpected similarities. Both are acicular in 
habit, although the hexamethylene compound (n = 6) 
is monoclinic whereas the trimethylene compound 
(n = 3) is orthorhombic. They are the only members 
of the series investigated which are optically negative 
and which have large optic axial angles (about 70°) ; 
the other compounds have optic axial angles of about 
40—B0°. 

The investigation indicates that there is a strict 
correlation between chemical and optical properties 
in the compounds containing seven or more methylene 
groups. ‘The crystallography and optical properties 
appear to be controlled by the number of methylene 
groups in the structure; compounds in which n is 
even are triclinic, whereas when n is odd the crystals 
exhibit monoclinic symmetry. The crystallography 
of compounds in which n = 6 or less may, on the 
other hand, be controlled by the methanesulphonoxy 
end groups which are large in relation to the remainder 
of the structure. The abnormally high melting point 
of the butane derivative (n = 4) reflects a high lattice 
energy which, although it is not revealed orystallo- 
graphically, may be due to the relative positions of 
the large end groups in the space lattice. 
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The optical properties of a great number of such 
compounds have been listed by Winchell’. 
We wish to thank Dr. R. F. Hudson for helpful 
discussions. 
A. C. BISHOP 
R. D. MARSHALL* 
Departments of Geology and Chemistry, 
Queen Mary College, , 
London, E.I. 


* Present address: De ent of S eanioal Pathology, 8t. Mary’s 
Hospital Medical Schoo 1, London, W.2 
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Requirements for Stereospecificity in 
Hydrolysis by Chymotrypsin: Diethyl 
p-Acetamidoglutarate 


As part of our study of the relation of structure of 
substrate to stereospecificity in enzyme reactions, we 
wish to report asymmetric hydrolysis of diethyl 
§-acetamidoglutarate by «-chymotrypsin. This com- 
pound was prepared by acetylation of Dan 
B-aminoglutarate’, b.p. 142-144°/2 mm. 
calo. for C,\,H,NO,: C, 53:88; H, 7-81; 
Found: C, 54:38; H, 7-84; N, 5-50. 


N, 5: L. 
(Chymo- 
trypsin was from Worthington, salt free.) A 
solution of 0:544 gm. of the ester and 0-524 gm. 
of the enzyme in 52-4 ml. of 0-02 M phosphate 
buffer was allowed to react at 27° in a pH-stat 
at pH 7-8, one ester group being 80-85 per cent 
hydrolysed in 5 hr. The reaction showed repro- , 
ducible first-order kinetics, k, = 0-0057° mm}, 
indicating extremely weak catalytic activity. How- 
ever, the reaction was stereospecific. Neutralization 
of the alkali which had been added, evaporation 
to dryness and extraction with acetone led to optic- 
ally active monoethy]-f-acetamidoglutarate, 0:318 
gm., 78 per cent yield, m.p. 93—94 per cent. [z]. + 
5:9° (5 per cent acetone)’. Anal. calc. for C,H a NO, : 
C, 49-73; H, 6:96; N, 6-45. Found: C, 49:80; 
H, 6:92; N, 6°51. The half-ester was prepared in 
the racemic form by hydrolysis of the di-ester to 
the di-acid, B-acetamidoglutaric acid, m.p. 185—-186° 
dec., anal. calc. for C,H,,NO,: N, 7-41; found: 
N, 7°38; conversion of the di-acid to 8-acetamido- 
glutaric anhydride, m.p. 140-141°; anal. calce. for 
C,H,NO,: C, 40-11; H, 5:30; N, 8-18; found: 
C, 49-058; H, 5:26; N, 8-16; and conversion of 
the anhydride to racemic monoethyl B-acetamido- 
glutarate, m.p. 77-78°. Anal. found: O, 49-71; 
H, 6-92; N, 6-42. The racemic and (+) moncesters 
had identical infra-red spectra in chloroform. 
Asymmetry is shown despite the lack of the two 
stractural features which are characteristic of specific 
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substrates for chymotrypsin‘, the beta-aryl and 
alpha-acylamido groups, which do lead to high 
reactivity if the stereochemistry 1s correct. These 
two groups, combmed with that undergoing hydro- 
lysis, have been thought to provide the three- 
point contact which has been considered necessary 
for asymmetry in this type of reaction‘, and for 
stereospecificity®, and in particular for stereo- 
specificity in hydrolysis by chymotrypsin’. However, 
the beta-aryl group is neither necessary nor sufficient? 
to lead to stereospecificity, while the acetamido 
group in either the alpha or the beta position does 
lead to stereospecificity in the hydrolysis of the 
malonate? and glutarate esters respectively, in which 
the presumed three-point contact cannot be occurring. 
Classical diastereomeric interactions may in principle 
account for asymmetric reactions of molecules of type 
Cabdd with enzymes and with other optically active 
reagents’. Scale models show that as the functional 
group of an asymmetric molecule attacks one group d 
of Cabdd, other groups of the reagent interact dif- 
ferently with the groups a and b at the developing 
centre of asymmetry C, depending upon which of 
the groups d is attacked. Such diastereomeric inter- 
actions of the acetamido group with rather rigidly 
organized asymmetric chymotrypsin may suffice to 
lead to reaction via preferred orientations and to 
stereospecificity. 

We are pleased to acknowledge generous support 
by the Division of Research Grants, National 
Institutes of Health (RG 4584). 
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Structure of the Viscous Phase of Liquid 
Sulphur 


TRANSITIONS in the liquid phase have been reported 
for few substances. However, sulphur hag been 
extensively studied and the variation of most of its 
properties through the transition region determined!. 

At present the mobile phase 81, obtained on melt- 
ing, is thought to consist principally of B, rings 
which open at the transition temperature of 159° and 
polymerize to chains of 10*-10* atoms to form the 
Sy phase. Evidence for the chain structure is based 
mainly on an interpretation of the viscosity results of 
Bacon and Fanelli, which attain a maximum of 930 
poises at 166°. Powell and Eyring? suggested that, as 
the addition of as little as 0-02 per cent of iodine is 
capable of suppressing the viscosity maximum from 
930 to 57 poises, iodine tends to add terminally 
to the free valencies formed when the S, rings open 
at the transition temperature, go preventing excessive 
chain growth. 
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It is possible, however, to check this hypothesis by 
allowing sulphur alone in the viscometer to attain its 
maximum viscosity at 166°, when the long chains, if 
present, should be fully formed, and then making 
the iodine addition. If the long- ‘chain hypothesis 1s 
correct, the addition of iodine in situ, at this tempera- 
ture, should only have a minor effect on the viscosity 
maximum as it will add terminally at the free valence 
ends of the cham. If this is done, however, it is 
found that the viscosity maximum is still suppressed. 

This suggests that unless the iodine is able to split 
& sulphur chain as readily as add terminally, which is 
unlikely, long chams of the order estimated by 
Geet of 10° and Powell and Eyring of 10‘ are not 
present in the viscous phase. 

On the basis of the thermal conductivity, viscosity, 
self-diffusion and surface tension data a different 
mode] of the structure of 8, sulphur has been pro- 
posed’ which does not necessitate the postulated 
existence of long chains. In this model the sulphur 
units in the viscous phase have only an average 
molecular complexity of 20-30 atoms. However, 
when the S, rings of the 8; phase open at-the transi- 
tion temperature and polymerize slightly, the new 
units formed at this temperature are well below their 
normal] freezing point. In such a supercooled state 
the viscosity naturally attains very large values. 

E. MoLAUGHLIN 
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Imperial College of Soience and Technology, 
London, §.W.7. 


1 Schonk, Physica, 23, 828 (1957). 

* Bacon and Fanelli, J. Amor. Chem. Soc., 65, 589 (1943). 
* Powell and Eyring, J. Amer. Chem, Soc., 65, 648 (1048), 
‘Gee, Trans. Farad. Joo., 48, 515 (1952). 

* McLaughlin and Turnbull (unpublished work), 


BIOCHEMISTRY 


Bradykinin Activity of some Synthetic 
Peptides with only Slight Structural 
Resemblance to Natural Bradykinin 


Recent findings? have indicated an unexpected 
kind of structural specificity among biologically 
active peptides. Although minor changes in chemical 
structure may reduce or even abolish a particular 
biological activity, large and sweeping changes 
sometimes do not destroy potency. Thus, in such 
peptides as strepogenin, oxytocin, lycomarasmin and 
gramicidin S, neither the sequence of amino-acid 
residues in the peptide nor the actual amino-acid 
composition of the naturally occurring peptide is 
essential for biological activity. We have therefore 
sought to examine this situation further, and to 
determine whether it applies to other kinds of 
biologically active peptides. We have found that it 
does apply to bradykinin. 

Pure bradykinin has only very recently been 
isolated? and shown to be an octapeptide composed 
of arginine, proline, phenylalanine, glycine and 
serine. At the time this result was announced, we had 
isolated from enzymic digests of insulin the disul- 
phide of leucylvalylcysteinylglycylglutamylarginine 
(a peptide with strepogenin activity), and had syn- 
thesized it?. As by-products of the synthesis, several 
related peptides were also available. Because these 
compounds were of nearly the same size as brady- 
kinin, and, like it, contained arginine, assays of their 
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Table 1. AMOUNTS OF COMPOUNDS NECESBARY TO GAVEM MAXIMAL 
OONTRACTION 
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ability to function as bradykinin wero carried out. 
It was felt that if the situation outlined at the start 
of this communication had general validity, some of 
the synthetic peptides should show bradykinin 
activity. Thus, the only amino-acids in common 
among the synthetic peptides and natural brady- 
kinin would be arginine and glycine. 

Assays were performed as described by Roche e 
Silva‘. Both the isolated guinea pig ileum and the 
isolated rat uterus were used. The former was 
standardized with histamine, and the latter with 
serotonin. The peptides available were glutamyl- 
argimine and the disulphide dimers of leucylvalyl- 
cysteinylglycylglutamylarginine, its diamide, and 
leucylvalyleysteinylglycylisoglutamylarginine. These 
were dissolved in the salt solution appropriate for 
each type of assay, and the pH of the solutions was 
adjusted to that of the test system. Each active 
peptide gave the typical slow contraction of the 
muscles shown by natural bradykmin, and the 
effects were not overcome by an antihistamine 


1). 

The results are summarized in Table 1. There 
it can be seen that some only of the peptides exhibited 
activity. Consequently, a mere peptide of arginine, 
or of arginine and glycine, was not enough. Free 
arginine likewise was inactive. Note that although 
leucylvalyleysteinylglycylglutamylarginine was jin- 
active up to 2 mgm., its diamide was potent. This 
might suggest that overall charge on the molecule 
was important for activity, especially since natural 
bradykinin contains no dibasic amino-acid residue. 
However, the corresponding tsoglutamyl peptide, 
which has approximately the same charge as its 
isomeric inactive relative, was active. One might 
say that so long as the gamma carboxyl group of 
glutamic acid in the peptide was substituted (either 
by ammonia or by arginine), activity resulted, whereas 
if it was free the peptide was inactive. 

The synthetic peptides studied were not nearly so 
potent as bradykinin, even though they did show 
activity. This may have been because of their 
striking difference in chemical structure from the 
natural compound, but may also have been related 
to the fact that the synthetics were larger than brady- 
kinin. The synthetic peptides were disulphides, and 
the active ones were thus composed of 12 amino-acid 
residues, whereas bradykinin contains 8. One striking 
feature of active peptides related to strepogenin 
and to the melanophore-stimulating hormone has 
been that in each case an optimal size seems to be 
important for highest potency.'. Whatever the 
merits of this question about size, the present results 
show clearly that for bradykinin, just as for strepo- 
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genin, oxytocin, etc., the exact chemical constitution 
of the naturally occurring peptide is not essential 
for biological activity, even though it may influence 
the potency quantitatively. 
This investigation was supported in part by a 
grant from the United States Public Health Service. 
G. L. Turrson 
D. W. WOOLLEY 
The Rockefeller Institute, 
New York. š 
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Synthesis of Contractile Proteins in the 
X-Irradiated Embryo 


In skeletal muscle the formation of actin precedes 
that of myosin in the early developmental stages of 
the chicki? as well as Triturus pyrrhogaster’, and in 
regenerating limb tissues of the latter®. The following 
questions therefore arose‘: Does the formation of 
actin induce that of myosin and does it directly 
cause myosin formation? To obtain an answer to 
this question, the synthesis of contractile proteins in 
X-irradiated embryos of Triturus pyrrhogaster was. 
examined by means of a serological technique’. 

G-Actin and myosin were prepared from large 
specimens of Triturus pyrrhogaster by the method 
of Straub and Szent-Gyérgyi*®. Both proteins were 
injected intravenously (four times with 3-day inter- 
vals, 100 mgm. in total) into rabbits. The immunized 
rabbit sera were raised to their serological specificity 
by resorption test with saline extracts of liver, spleen 
and skin tissue of Triturus pyrrhogaster. Titration, 
with homologous antigen was then carried out. The 
titre of both sera was adjusted to 1:512 before 
carrying out the precipitin reaction with saline ex- 
tracts of X-irradiated embryos. Constant volumes 
of sera and progressively decreasing amounts of 
antigen were used in order to avoid an excess of 
antigen. The irradiation of embryos was carried out 
108 hr. after fertilization under the conditions of 
Table 1. 


Table 1. IRRADIATION CONDITIONS 


Target- 





Tg 
object | Intensity 
X-rays | kVp m.amp. Filter distance | (per min. 
(r.) (om.) 
500 180 25 0 Ou (1:0 mm.) + 
Al (0 5 mm.) 28 167 6 
200 ss 10 0 ” is 66-6 
50 ñ 25 os n 16 7 


In normal embryos, actin and myosin first became 
detectable 132 and 176 hr., respectively, after fertil- 
ization?. In the case of irradiation with 50 r., both 
actin and myosin were detected 156 hr. after fertiliza- 
tion. The time of actin and myosin formation after 
fertilization was changed to 180 and 144 hr., re- 
spectively, with 200 r., and to 204 and 132 hr., 
respectively, with 500 r., as shown in Fig. 1. 


TER ERER 


Dose of X-rays (r.) 


o8 





129 140 160 180 
Er. after fertilization 


Fig. 1. Syntheais of contractile Hed eg in an oe developmont of 
the embryo of Triturus p be Milage y X-rays 108 hr. 
rsa li tig 


X-irradiation 108 hr. after fertilization, therefore, 
markedly suppresses the synthesis of actin and pro- 
motes that of myosin in early developmental stages. 
The order of actin and myosin formation in the 
irradiated embryos at doses of 200 r. and 500 r. was 
opposite to that found in the non-irradiated control. 

It was thus proved that during skeletal muscle 
differentiation in the early embryo of Triturus 
pyrrhogaster, the formation of actin does not induce 
that of myosin and the processes of synthesis of 
those proteins are independent of each other. 


Yosurro OGAWA. 
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«e Misima, Shizuoka-ken, 
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Production of Shikimic Acid by Penicillium 
griseofulyum Dierckx 


SEVERAL phenolic substances have been isolated 
,from the cultures of Pentetlium griseofulvum 
Dierckx: 2-hydroxy-6-methylIbenzoio acid', 2,5- 
dihydroxybenzoic acid’, o-, m- and p-hydroxybenzoia 
acid’, 2,4-dihydroxybenzoic acid, 3,4-dihydroxy- 
benzoic acid and 3,5-dihydroxybenzoic acid‘. Those 
compounds, together with amino-benzoic acids”, fulvic 
acid’, griseofulvine’ and patuline®, were identified in 
metabolic solutions of cultures ten days of age or 
older. In order to detect substances which could 
be involved in the production of benzoic derivatives 
it seemed advisable to investigate the metabolic 
solution in the earliest stages of the culture. This 
has led to the identification of shikimic acid, which 
is interesting because of its possible conversion to 
phenolic substances such as has been shown for 
Escherichia coli’. Besides shikimic acid, sedohopt- 
ulose, d-erythrose and pyruvic acid have also been 
found. This communication describes the isolation 
and identification of shikimic acid and related 
substances. 

Batches of 500 Erlenmeyer flasks of 500 ml. capacity 
each containing 100 ml. Czapek~Dox medium were 
aseptically inoculated with a suspension of P. griseo- 
fulvum (our strain P 34) and incubated at 25°. 
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After 30 hr. the cultures were filtered through 
Chardin filter paper. The metabolic solution, having 
a pH of 5:8, was passed successively through a 
column of “Dowex 50’ (chloride) and then through a 
column. of “Dowex 2’ (acetate). This last column was 
then washed with distilled water until sugar could 
no longer be detected, and after this washing it was 
eluted with a mixture of 50 per cent N/10 sodium 
acetate and 50 per cent N/10 acetic acid. The eluate 
was acidified to pH 3 by addition of N]10 hydrochloric 
acid and concentrated in vacuo. 

The paper chromatography of this solution was 
carried out with Whatman paper No. 4 using four 
different solvents giving the following Ry: 


5) (ref, 
Phenol~water (3:1 
wiv) (ref. 11) 
tert. Butanol~ benzyl 
alc,-isopropanol-— 
water F 8 1:1, why) 
(ref, 11 





The reagents used were: (1) bromocresol green, 
(2) ammoniacal silver nitrate and (3) & succession of 
metaperiodate, nitroprussiate and piperazine. The 
chromatogram was then warmed to 105° 0.1, 

These three reagents gave yellow spots for shikimic 
acid, 5-dehydroshikimic acid and for 5-phospho- 
shikimic acid. The identification of shikimic acid 
was also confirmed by co-chromatography with an 
authentic sample. 

In order to obtain some information concerning the 
biosynthesis of shikimic acid the following experiments 
were carried out. 

The mould was grown for 10 days at 25° in 500-ml. 
Erlenmeyer flasks containing 100 ml. Czapek—Dox 
medium. After having eliminated the culture 
solution, the mycelium felts were aseptically washed 
three times, cach time with 100 ml. sterile distilled 
water. Then the preformed mycelium was left to 
act for 28 hr. at 25° on 100 ml. of one of the four 
following solutions: (1) d-erythrose 10-3 M, pyruvic 
acid 10-* M and adenosine triphosphate 10-* M ; 
(2) d-erythrose, 10- M ; (3) pyruvic acid, 10° M ; 
(4) d-erythrose, 10-3 M and pyruvic acid 10° M. 

After incubation the solutions were filtered and 
chromatographically analysed as described above. 
The results were that in solution (1) 5-dehydroshikimic 
acid and 5-phosphoshikimic acid were present while 
in solution (4) only traces of those substances could 
be detected and neither of them could be found in 
solutions (2) and (8). 

Another series of experiments was made where 
d-erythrose was replaced by sedoheptulose. After 
28 hr. incubation solution (1) contained only traces 
of 5-dehydroshikimic acid and of 5-phosphoshikimic 
acid and solution (4) contained none of either. But 
after 48 br. incubation solution (1) contained more 
5-dehydroshikimic acid and 5-phosphoshikimio acid, 
while in solution (4) traces of those two acids were 
detected. 


Two other series of experiments were carried out 
with the same solutions but with shaken culturas. 
The results were exactly the same as those obtained 
with the ordinary cultures. 
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This is the first time that shikimic acid has been 
reported in mould metabolism. This substance seems 
particularly interesting owing to its probable place 
m the biosynthesis of the benzene ring which is 
present in many mould metabolites. 

On the other hand, neither quinic acid nor dehydro- 
quinic acid could be detected in the metabolic solution 
of P. griseofuluum, although those acids have been 
proved to play an important part in the synthesis 
of ahikimio acid by Escherichia coli, 

It is also worthy of note that shikimio acid is 
formed more readily by P. griseofuluum from 
d-erythrose + pyruvic acid + adenosine triphosphate 
than from sedoheptulose + pyruvic acid + adenosine 
triphosphate. This seems to suggest that in this 
case the biosynthesis of shikimic acid proceeds more 
easily via C, + C, while it has been shown for 
Escherichia coli that this biosynthesis takes place via 
sedoheptulose™, 

Finally, the comparison between the results 
obtained with solution (1) and with solution (4) 
points to éhe hypothesis that these phosphoric 
esters are directly involved in the synthesis, namely, 
ena Ppoepnate and phospho-enol pyruvio 
acid. 
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Measurement of Transaminases in Serum 


Wir the growing emphasis on the study of 
glutamic oxaloacetic and glutamic pyruvic trans- 
aminases of the serum, both in the diagnosis and the 
prognosis of a large number of pathological con- 
ditions, particularly in cardiovascular and hepatic 
diseases, a need for a simple and accurate method for 
the measurement of these transaminases is apparent. 

A sensitive method has been devised which serves 
for the accurate and concurrent determination of the 
transaminases. This method can be used to assess 
the accuracy of earlier methods! 3-5, and because of 
its simplicity it can be used easily as a routine 
method in clinical investigations. 

The method involves the transamination by the 
serum of dl-alanine and «-ketoglutarate to glutamate 
and pyruvate (in the case of glutamic pyruvic trans- 
aminase) and of dl-aspartate and a-ketoglutarate to 
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glutamate and oxaloacetate (in the case of glutamic 
oxaloacetic transaminase), in the following reaction : 


(T) 
R.CH.NH,.COOH + R’CO.COOH = R.CO.COOH 
+ &’CH.NH, COOH 


The measurement is based in the determmation of 
the end-product of the transamination (pyruvate 
and oxaloacetate, respectively). 

The substrates used are’ as follow : 

(1) Glutamic pyruvic transaminase, 0:2 M di- 
alanine and 0-002 M a-ketoglutaric acid: dl-alanine, 
1:78 gm.; a-ketoglutaric acid, 0-03 gm.; dipotas- 
sium hydrogen phosphate, 2:00 gm. ; distilled water 
to make up 100-00 ml. 

(2) Glutamic oxaloacetic transaminase, 0:2 M 
dl-aspartic acid and 0-002 M a-ketoglutario acid: 
dl-aspartic acid, 2-66 gm.; a-ketoglutaric acid, 0-03 
gm.; dipotassium hydrogen phosphate, 2:00 gm. ; 
distilled water to make up 100-00 ml. The reagents 
at the beginning are diluted to 80-00 ml. with water, 
adjusted to pH 7-4 with sodium hydroxide and made 
up to 100-00 ml. To each is added 1 per cent clear 
chloroform as @ preservative. They can be kept in the 
refrigerator for many weeks, but should be discarded 
if they become cloudy or mouldy. 

Other reagents used are: (a) aniline citrate: citric 
acid, 5:0 gm.; distilled water, 5:0 ml.; aniline, 
5-0 ml.: the reagent is diluted before use 1:5 with 
distilled water ; (b) dinitrophenylhydrazine 0:002 M: 
2,4-dinitrophenylhydrazine, 0-04 gm.; conc. hydro- 
chloric acid, 5-00 ml.; distilled water, 95-00 ml. ; 
the reagent is diluted in the hydrochloric acid withe 
15-20 ml. water with vigorous shaking and made up 
to 100-00 ml. ; (c) aqueous solution of 0-75 M sodium 
hydroxide ; (d) pyruvic acid stock solution: pyruvic 
acid, 1-00 gm.; distilled water, made up to 1,000-00 
ml. ; it should be stored in the refrigerator. 

To 0-8 ml. of serum saline in a test-tube add 0-2 ml. 
of serum with a pipette and mix the contents. 0-5 ml. 
of substrate for glutamic pyruvic or glutamic oxalo- 
acetic transaminase is added and the tube is placed 
in a water-bath for 60 min. at 37° C. The tube 
is then held at room temperature and 0-5 mil. of 
the diluted citrate aniline ıs pipetted into it; this 
stops the enzymatic reaction. Immediately 0-5 ml. 
dinitrophenylhydrazine is added and the 
are vigorously mixed. Exactly 5 min. the 
addition of the latter reagent (the time necessary to 
form pyruvate—dinitrophenylhydrazone but excluding 
the formation of «-ketoglutarate—dinitrophenylhydra- 
zone), 3-0 ml. of sodium hydroxide are added, the 
contents are mixed by inversion of the tube and the 
colour produced is measured after 30 min. (the colour 
remains stable for 1 hr.), in a spectrophotometer at 
500 mu with a cuvette of 1 cm. diameter, against 
the blank set at zero optical density. The blank is a 
mixture of the reagents prepared in the same way as 
that of the sample, except that the serum is replaced 
with serum saline. 

From the graph prepared with the use of known 
solutions of pyruvic acid (20, 40, 60... 600 ugm./ml.) 
in the place of the serum and in the same quantity 
(0-2 ml.), after treatment of the tube as described, 
the pyruvic acid formed by the serum sample is 
determined directly in micrograms per ml. at 37° C., 
and for a period of 60 min. 1 unit is the amount of 
activity in 1-0 ml. of serum that resulta in the forma- 
tion of 1 ugm. of pyruvate as defined by Cabaud 
et al}, 


ntents * 


80 NATURE 


0°83 
2 
A 
D 
x 0-2 
D 
Gy 
© 

0'1 

00 

0 40 80 120 160 200 
Pyruvio acid («gm./ml) 


.1. Graph prepared with the use of known solutions of pyruvic 
acid, treated in the same way as the serum for glutamic pyruvic 
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Fig. 1 indicates that the colorimetric reaction under 
the conditions of this technique follows closely 
Beer’s law, up to the concentration of 200 ugm./ml. 
In the case in which the activity of the serum is very 
high, the determination is repeated with a sample of 

the serum diluted 1/5 or 1/10 with serum saline and 
the final result obtained is multiplied by 6 or 10. 

An investigation of certam colorimetric methods 
for the estimation of transaminases in serum demon- 
strated the difficulties and inconveniences of some of 
the techniques. The methods described by Cabaud, 
Leeper and Wroblewski.* and by Umbreit, Kingsley, 
Schaffert and Siplet* are characterized by the same 
principles as those of Tonhazy, White and Umbreit#. 
These methods are cumbrous. The deproteinization 
of the serum, the extraction by toluene and centri- 
fugation require many manipulations. The separation 
of the toluene fraction is often difficult, and in many 
cases it forms a gelatinous mass and is obtained 

- only after breaking it up and repeated centrifuga- 
tions. On the other hand, the alkalinization of toluene 
requires the use of recently prepared solutions of 
alcoholic potassium hydroxide, which causes cloudi- 
ness of the mixture after the lapse of a few minutes. 

In comparison with the previous methods, the 
method of Reitman and Frankel’ is exceptionally 
easy and simple. Experience shows, however, that 
the method is unsatisfactory, because of its particular 
characteristics ; for the colorimetric determinations of 
the end product (pyruvate and oxalate) formed are 
made by the use of a graph of mixed solutions of the 
pyruvic and «-ketoglutaric acids, in an empirical way. 

Tt is evident that the method described is consider- 
ably simpler, requiring the use of a test-tube only for 
the transamination reaction and for the determination 
of the pyruvate produced. In addition it is accurate, 
because the end products, pyruvate in the case of 
the glutamic pyruvic transaminase, and the result- 
ing pyruvate by decarboxylation of oxaloacetate 
by the use of citrated aniline in the case of glutamic 
oxaloacetic transaminase, are both calculated directly 
by the use of a prepared graph on the basis of known 
solutions of pyruvic acid. The method is also very 
sensitive. The greatest error found among the repli- 
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cates of a considerable number of normal and patho- 
logical sera was approximately 2-5 per cent. 

In 50 presumably healthy individuals of ages 
ranging from 20 to 40 years the range of values for 
glutamic pyruvic and glutamic oxaloacetic trans- 
aminase was found to be 15-98 and 26-92 units per 
ml. of serum determined at a temperature of 37° C., 
and for a period of 60 min. Thus readings above 
100 units per ml. indicate pathological conditions. 
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Conjugation of 3:4-Benzpyrenols in 
Mouse Skin 


THe liver is undoubtedly the major site of 
glucuronide synthesis in the mammal}?, but varying 
degrees of glucuronide synthesizing activity have 
also been reported for other tissues. These include 
the kidney?.’, intestine’, cartilage‘ and granulation 
tissue’, although the findings of different workers 
have not always been in agreement. The only specific 
investigation of this nature which we have been able 
to find applied to such activity in skin is that of Zini‘, 
who reported that isolated rat skm possesses ‘some’ 
glucuronide synthesizing activity with o-aminophenol 
as substrate. No quantitative details are given, 
but the assumption is that the level of activity falls 
far below that of other tissues in which significant 
activity was observed. Evidence from another field, 
however, would suggest that the glucuronide synthe- 
sizing ability of skin may be by no means insignificant 
and indeed may play an important part in the de- 
toxification of foreign substances at that site. Thus 
it is now well confirmed that the carcinogenic hydro- 
carbon, 3:4-benzpyrene, is metabolized in mouse 
skin both tn vivo’-* and tn vtirol to yield a water- 
soluble polar derivative designated as BPX, (ref. 7). 
Subsequent work by one of us (K. H. H.) has shown 
this metabolic fraction to consist of a mixture of 
glucuronide conjugated benzpyrenols™. ‘The anal- 
ogous sulphate conjugated fraction™, on the other 
hand, has not so far n detected within the skin, 
and this has led one of us (G. C.) to suggest that the 
formation of this complex (BPX,) is divorced from 
the carcinogenic response elicited by 3 : 4-benzpyrene 
at this site’. It was of importance, therefore, to 
re-examine the conjugating ability of mouse skin mn 
the light of this evidence. 

Mice, in batches of about twenty, were closely 
clipped or plucked and in parallel experiments a 
solution of either 3:4-benzpyrene or the phenol, 
8-benzpyrenol, in acetone was applied to the denuded 
areas of skin. After varying intervals of time the 
animals were killed and the treated areas of skin 
removed, minced and homogenized. Extraction and 
separation into glucuronide and sulphate conjugated 
fractions were then carried out using a modified 
form of the original method of Weigert and Mottram’. 
Details of this have been published elsewhere!!. 
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The experiments with 3 : 4-benzpyrene confirmed 
the findings of other workers with regard to the 
formation of benzpyrenyl glucuronides within the 
skin although the concentration at any time was 
found to be low. Identical behaviour was observed 
in the parallel experiment with the phenolic derivative 
8-benzpyrenol, for, although the glucuronic acid ester 
was readily detected in the extracts, the total amount 
present at any time was of the same order as that 
yielded by the parent hydrocarbon. This suggests 
that the initial hydroxylation of benzpyrene is not a 
limiting factor in determining the concentration of 
conjugated metabolites within the skin. 

Throughout these experiments evidence was also 
sought of conjugation with sulphuric acid. Trace 
amounts of a metabolite possessing the physical 
properties of a benzpyrenyl sulphate were isolated 
after treatment with both 3:4-benzpyrene and 
8-benzpyrenol, but the small amount obtained pre- 
vented an unequivocal identification. In vitro studies 
with microsome-free supernatant fraction of skin 
homogenate fortified with adenosme triphosphate, as 
described by De Meio, Wizerkaniuk and Fabiani??, 
yielded inconclusive results. 

The conclusion arrived at from this work, therefore, 
is that mouse skin does possess the ability to conjugate 
foreign phenolic compounds with glucuronic acid 
and possibly sulphuric acid. To what extent this 
occurs, however, is as yet unknown, for these experi- 
mentes do not preclude the possibility that the con- 
jugates are either rapidly removed from the skin 
via the blood stream or perhaps bound firmly to 
cellular constituents. The additional point also 
arises that hydroxylation of aromatic hydrocarbons 
can occur within the akin although no evidence exists 
as yet as to the mechanisms involved. 
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Heterogeneity of Tumour Ribonucleic 
Acid and the Effect of ‘Degranol’ on it 


Ix view of its importance to the study of the 
chemical properties and specific biological functions 
of nucleic acids, in recent years much attention has 
been devoted to the heterogeneity of this group of 
compounds?, 

In earlier papers®,* we reported the elaboration of 
a new method and the results obtained with it in a 
study of the heterogeneity of ribonucleic acid obtained 
from rabbit liver and labelled with phosphorus-32 
in vivo. 
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The present communication describes the hetero- 
geneity of ribonucleic acid obtained from Guérin 
carcinoma transplanted into rats and labelled with 
phosphorus-32 tn vivo; further, the effect on this 
heterogeneity of 1,6-bt8-(-8-chloroethylamino)-1,6- 
deoxy- D- mannitol - dihydrochloride (‘Degranol’ ; 
B.C.M.)’. 

Inbred albino rats weighing 120-150 gm. were 
inoculated subcutaneously with Guérin carcinoma, 
and divided into two groups. One group was given 
intravenously a 50 mgm./kgm. dose of ‘Degranol’ 14— 
16 days after the transplantation of the tumour, and 
the other was left untreated. The animals received 
a 100 uc./100 gm. intraperitoneal dose of phosphorus- 
32 at 48 hr., and were decapitated at 72 br. after 
“‘Degranol’. Each of the resultant tumours was 
worked up separately and the ribonucleic acid was 
recovered from the whole tumour by the method of 
Pain and Butler®, modified inasmuch as the ribo- 
nucleic acid precipitated by the addition of 96 per 
cent ethanol was dissolved in 0:2 M sodium chloride 
and dialysed for 24 hr. at + 4° C. against 0-2 M 
sodium chloride. A quantity of 6-10 mgm. of ribo- 
nucleic acid was adsorbed on a 6 cm. X 1-5 om. 
‘Dowex-2’ resin column (Cl-form, 10 per cent cross- 
linkage, 200-300 mesh) and eluted with sodium 
chloride solutions of continually increasing concen- 
tration. The reservoir contained 2-8 M sodium 
chloride, and the 225-ml. mixing flask, initially, 
0-3 M sodium chloride. The rate of flow was 0-25 
ml./min. 5-ml. fractions were collected, and aliquot 
parts of these were used to determine radioactivity 
and ribonucleic acid content, the latter by the orcinol ° 
reaction as modified by Ceriotti®. 

Fig. 1 shows that the ribonucleic acid isolated from 
whole tumour is heterogeneous ; moreover, that the 
individual fractions of ribonucleic acid differ in 
specific activity. This difference permits the con- 
clusion, which is consistent with that drawn from our 
earlier heterogeneity studies of rabbit liver ribonucleic 
acid‘, that in the living organism the phosphorus-32 
exchange in the individual ribonucleic acid fractions 
proceeds at different rates. 
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Kellner et al.1%11 have shown that morphologically 
the peak effect of “Degranol’ appears between 48 and 
72 hr. after treatment, manifesting itself in extensive 
cellular and nuclear disintegration in the florid parts 
of the tumour. Hidvégi et aJ.*41* have observed a 
substantial decrease at that same period of time in the 

*relative specific activity of the phosphorus-32 in the 
deoxyribonucleic acid, and a less notable, but still 
significant, fall in the ribonucleic acid of the nuclei 
and the cytoplasma. For these reasons, in our experi- 
mental animals we have studied the heterogeneity of 
the tumour ribonucleic acid at 72 hr. after “Degranol’, 
when the drug has been established to exert ita 
maximum effect. 

On the evidence of Fig. 2, ‘Degranol’ causes no 
change in heterogeneity in ribonucleic acid but does 
give rise to essential differences in the incorporation 
of phosphorus-32. Appreciable radioactivity was 
only measured in fractions which could be eluted at 
lower sodium chloride molarities. 
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ANIMAL PHYSIOLOGY 


Effects of 1,4-Dihydrazinophthalazine] 
on the Catechol Amines 


In a previous communication in Nature? some 
effects of ‘Nepresoline’ on the catechol amines in 
various organs of rats and on the adrenal medullary 
secretion in cats were described. Further experi- 
mente using chiefly the same technique have been 
carried out. 

A total of 165 male albino rats with an average 
body-weight of 250 gm. were divided into groups of 
five and injected with 5-50 mgm./kgm. ‘Nepresoline’ 
subcutaneously twice a day on three consecutive 
days. The control groups were given an equivalent 
amount of vehicle. The rats were killed with a blow 
on the head on the first, third and fifth day after the 
last injection, respectively. The content of adrenaline 
and noradrenaline in adrenals, brain, heart and spleen 
was determined fluorimetrically after purification 
by absorption on aluminium oxide. All values were 
measured in ugm./gm. organ weight. ~ 

The effect of intravenous injection of 5 mgm./kgm. 
‘Nepresoline’ on the secretion from the left adrenal 
after sectioning the corresponding splanchnic nerve 
was studied on 6 cats weighing 3—4 kgm., anssthetized 
with ‘Nembutal’ (40 mgm./kgm. mtraperitoneally). 
In one case the spinal cord was divided at O 1. 

Venous blood from the Jeft adrenal was collected at 
intervals before and after giving ‘Nepresoline’, using 
an. adrenolumbar-femoral Tenant technique. The 
adrenal vein plasma samples were assayed biologically 
on the cat’s blood pressure and the hen’s rectal 
cscum. 

In the rats, a dose of 5 mgm./kgm. caused in some 
experiments & marked depletion of noradrenaline in 
heart and adrenal. However, this effect was irregular. 
With higher doses of ‘Nepresoline’ a definite reduction 
of the content of both adrenaline and noradrenaline in 
the adrenals was found. With a dose of 50 mgm. /kgm. 
a low level of noradrenaline was occasionally found 
in the brain. The only organ which showed complete 
regularity in response was the adrenal (Table 1). 
Table 1. MWAN VALUES VOR CATROHOL AMINE CONTENT OF YHE 

RAT'S ADRENAL AFTHR VARIOUS DOSES OF ‘NEPRESOLINE' 


The corresponding values for controls, Injected with an equivalent 
amount of solvent, are given within brackets 





Adrenaline Noradrenaline 
per cent ugo. fgo 
of control organ of control 
ues 
10 mgm.jkgm. | 578 (803 71 118 (187 RB 
50 mgm.jkgm. | 266 en 39 77 TE 58 


In cats, after adrenal denervation, ‘Nepresoline’ 
caused a much less definite secretory response than 
was found in cats with intact innervation. In one 
case no response was seen, whereas in four cats a 
slight stimulation of the medullary secretion occurred. 
In the spinal cat preparation, no definite increase in 
the secretion was found. 

The effects of ‘Nepresoline’ on various organs in 
rats show a surprising and disturbing variation. 
However, it seems that, 1f fairly high doses are used, 
consistent reduction of the amount of adrenaline and 
noradrenaline in the adrenal was found. 

As mentioned in the previous communication, 
low noradrenaline values were found for the heart 
after ‘Nepresoline’. This effect we have not been able 
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to confirm in more recent experiments. In the brain, 
after higher doses of ‘Nepresoline’, a reduction of the 
noradrenaline-level occurred occasionally. The vari- 
ability in the response of these organs to ‘Nepre- 
soline’ remains unexplained. 

The results of the cat experiments suggest that the 
effect of ‘Nepresocline’ on the adrenal secretion is 
mainly mediated through the nervous system. In 
our previous report it was mentioned that baro- 
receptor denervation by vagotomy and carotid sinus 
denervation did not abolish the response. Thus it 
seems likely that the effect is not reflexly elicited 
by fall of blood pressure, but is due rather to the 
direct action of ‘Nepresolme’ on some structure in 
the central nervous system and possibly to some 
extent en the adrenals. 

Further experiments to elucidate the mechanism 
of the ‘Nepresoline’ effects on the adrenal are in 
progress. 

This investigation has been supported by grants 
from Karolinska Institutet and Svenska Sallakapet 
for Medicinsk Forskning. 

s M. BYGDEMAN 
L. STJÄRNE 
Department of Physiology, 
Karolinska Institutet, 
Stockholm. 
Feb. 8. 


1 Bygdeman, M., and Stjärna, L., Nature, 184, 1646 (1959). 


Diurnal Temperature Variation in the 
Rhesus Monkey under Normal and 
Experimental Conditions 


A DIURNAL temperature variation has been 
previously reported! in the unrestrained rhesus 
monkey (Macacca mulatta) the confirmation of which 
was the object of the present study. An accurate 
estimate of diurnal temperature variation is & 
necessary prerequisite for assessing basal body- 
temperature in this species. 

Temperature recordings were made routinely with 
a clinical thermometer per vaginam 
in nine mature female rhesus mon- 
keys which had becomes accustomed 
to handling in a previous study’. 
The monkeys during the control 
period were kept one to a cage, in 
quarters previously described? in 
which ambient temperature and 
humidity conditions were held con- 
stant and artificial lighting 
(virtually the only source of ilum- 
ination) was controlled. Lights 
were on during 8 a.m.—4 p.m. each 
day, preceded and followed by dawn 
and dusk, night-time (near total 
darkness) intervening. 

Temperature recordings were 
made at 10 a.m., 1.30 p.m., 5 pm., 
and 10 p.m. over @ period of one 
month. The former two tempera- 
ture recordings were made m 
artificial illumination, the latter 
two recordings under conditions of 
near total darkness. 

As previously observed!, if a 
monkey was inclined to struggle 
during handling, its temperature 
slightly mcreased. If the monkey 
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was purposely. stressed by being chased, a tem- 
perature increase of 1° F. promptly occurred. 
With repeated recordings, the monkeys became 
acclimatized, and temperature values obtained were 
not believed to be due in part to incidental struggling. 

In 6 of the 9 animals studied, the mean 
temperature values (and associated standard devia- 
tions) over the 12-hr. period of recording are plotted 
individually (Fig. 1). The range of the temperature 
variation under the control or normal condition in 
each animal is given ın the upper right-hand corner 
of the respective graph and is plotted along a 24-hr. 
abscissa in a solid black line. The number of record- 
ings upon which the control or normal variation is 
based is indicated in the upper right-hand corner 
under the value of the range. 

The highest temperatures recorded were obtained 
usually in the early afternoon, the lowest temperatures 
at 10 p.m., about 5 hr. after the onset of near total 
darkness. 

The animals were further studied for 3 months in 
an isolated, light-tight environment in which tempera- 
ture and humidity conditions of the control period 
were maintained and held constant, but lighting 
conditions altered. Periods of 14 hr. of total darkness 
were followed by periods of 16 hr. of bright light. 
This 30-hr, dark-light period, and the relative 
absence of daily noise were the two most marked 
differences between the control and experimentally 
modified environmental conditions. 

In the experimental environment, temperatures 
were recorded at the approximate midpoint during 
the light period, and at 6 and 10 hr. after the onset 
of total darkness. ‘Temperatures were recorded ine 
the total darkness in, the lght-tight experimental 
environment by first darkening the ante-chamber 
before entering the totally darkened room, so that 
recordings could be made with minimal disturbance 
to the animals. 

The variation in temperature encountered in the 
experimental environment is plotted individually 
(dotted lines, Fig. 1), and in the upper right hand 
corner of each individual graph is the number of 
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recordings upon which the experimental temperature 
variation is based. 

The temperature-range over the 30-hr. light-dark 
period has been plotted in terms of the 24-hr. time- 
base of the control environment to make similar 
periods of temperature recordings comparable. It 
may be noted that the temperatures in the experi- 
mental environment, both at the midpoint of the 
light period and 5 hr. after the onset of total darkness, 
were of the same approximate magnitude, but in all 
cases somewhat less thên those encountered at 
comparable times diurnally, so that simular slopes 
between diurnal and experimental temperature 
curves resulted when the values were plotted. 

In order to ascertain the period of greatest tempera- 
ture depression in the experimental environment, 
temperature recordings were made at both 6 and 
10 hr. after the commencement of total darkness. 
The latter mean temperature value (based on the 
number of recordings indicated m the upper right- 
hand corner of individual graphs) has been plotted 
in 5 of the 6 animals studied. In 4 out of 5 of these 
animals, mean temperatures 10 hr. after the onset 
of total darkness were slightly higher than the 
temperatures occurring 5 hr. after the onset of total 
darkness, but less than temperatures recorded in the 
light. In the fifth recorded animal (XIV, Fig. 1) the 
mean temperature value 10 hr. after the onset of 
darkness was the same as that occurring 6 hr. 
earlier. 

The slight, but systematic reduction in tempera- 
tures in the experimental environment compared 
with diurnal values can be explained in two possible 

eways: (1) the relative absence of diurnal noise, and 
{2} the fact that the monkeys were out of sight of 
other monkeys of the main colony room, the isolation 
from which deprived them of sensory stimuli. The 
fact that depressed temperatures 5 hr. after the onset 
of total darkness in the experimental environment 
were less than those recorded diurnally may be due 
to the condition of total darkness achieved experi- 
mentally, but not achieved during the control night- 
time periods. 


Table 1 
Animal Temperatare 

XII Macacea mulatta female 3-0 
ax a: Ss T 
XIV iF] ay 2? 2 8 
MI n e ” 2-1 
xT , n” ” 1-8 
X i) ” 1:7 
IY LEJ 3 LEJ 1 8 

Mean: 2°16 

8D. 1:47 


Table 1 illustrates the range of diurnal temperature 
variation encountered in the nine animals studied. 
The diurnal range in two Macacca mulatta previously 
studied! was of the order of 3° F., a finding which 
the present study confirmed. It may be concluded 
that the diurnal range in temperature variation in the 
Macacca mulatta ig largely a light-dependent pheno- 
Menon. 

Liorp B. ERIKSON 

Department of Anatomy, 

University of British Columbia, 
Vancouver. 


1 Bim aay S., and Galbraith, J. J., Trans. Roy. Soc. Edin., 46, 05 


2 Ririkson, L. B., Anat. Ree, 130, No. 2, 207 (1958). 


res “ay” and Kennard, M. A., Canad. J. Comp. Med., 20, 204 
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Body-weight and Liver —SH Levels of Mice 


DurgrNe the course of some recent work! the —SH 
levels of the liver tissue of groups of mice were 
determined. In any one group (10 animals) most 
figures fell very close to the mean figure, but an 
occasional case occurred showing a considerable 
divergence from the mean. The impression was 
gained that those animals whose liver —SH diverged 
most from the mean figure were either the smallest 
or largest in any group. This point has now been 
checked experimentally and the findings are presented 
below. 

A batch of twenty inbred ‘Strong dA’ mice of 12 
weeks age were taken. Apart from this selection on 
an age basis no further selection was undertaken. 
The animals were treated individually and for each 
one the total body-weight and total liver (less gall 
bladder) weight were recorded. Using slices from the 
liver (85-140 mgm.) the —SH content was determined 
by the method described by Caleutt and Doxey’. 
The —SH content was calculated as a value per 100 
mgm. wet weight of liver and also as totel liver con- 
tent. No correlation whatever was detectable between 
the total body-weight and liver-weight or between 
total body-weight and total liver —SH. However, 
& plot of total body-weight against the —SH value 
per 100 mgm. of liver (wet weight) appeared as m 
Fig. 1. The apparent inverse relationship between 
pony ween and —SH per unit mass indicated by 

this figure is in keeping with the impression gained 
in earlier work as —-SH values were calculated on a 
unit mass basis during those experiments. 
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Fig. 1. -~SH per 100 mgm. of liver (vot  waght) against total 
body-welght. ‘Strong A 


32 °5 35-0 


As confirmation of these findings a parallel experi- 
ment has been carried out using a batch of 20 female 
‘Strong A’ mice. The age of this group was 20 
weeks. Once again no correlation could be determined 
between total body-weight and liver-weight, or 
between total body-weight and total liver —SH 
level. The plot of body-weight against liver —SH 
per 100 mgm. wet weight of liver is shown in Fig. 2. 
In this case the body-weights fell within a more 
restricted range than in the case of the males and the 
liver —SH values showed a wider scatter. Neverthe- 
legs, a similar inverse relationship between body- 
weight and —SH level per unit maes is apparent. 
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SH per 100 mgm. liver (wet weight) 





20-0 2205 85-0 
Body-weight (gm.) 


~S per 100 mgm. of liver (wet weight) against total 
body-weight, ‘Strong 4’ females 


27-05 


Fig., 2. 


The relationship found in the above experiments 

48 a rather puzzling one and the only suggestion to 

explain it is the following. Unit masses of the various 
: livers from any one group of animals contain approx- 
imately equal numbers of cells and it is the ——SH 
level per cell which varies inversely with body-weight. 
Since the cell is a balanced biochemical system these 
findings suggest that other cell constituents may also 
vary in level according to body-weight. Such a 
consideration leads to the conclusion that, for bio- 
¢hemical work involving measurements of small 
< differences, all animals used should be carefully 
“selected on the basis of both age and weight. 

G. Canourr 

ee Department of Cancer Research, 
~ Mount Vernon Hospital and the Radium Institute, 
E Northwood, Middlesex, 

‘t Caleutt, G., Doxey, D., and Coates, Joan, Brit. J. Cancer (in the 


oe press). 
as * Caleutt, G., and Doxey, D., Bap. Cell, Res., 17, 542 (1959). 


© oo Essential Fatty Acids of Normal and 
Atherosclerotic Aortas from Chickens 
receiving Differently Saturated Fats for 
o Three Years 
SINCLAIR’s suggestion! that atherogenesis may be 
associated with a relative essential fatty acid deficiency 
as received considerable attention in many labora- 
tories. On the basis of fatty acid analyses of 















“able 1, Farry ACID COMPOSITION (PER CENT) or LIPID 

















Unaifected | 























isual scoring : 


Ba wi 





NATURE 


of similar unsaturation. Py, 
study no attempt was made to differentiate between = > 
linoleic and arachidonic agid on one hand, and other — 

di- and tetra-enoic acids on the other, the resulta © «© 
herein presented may contribute to a better under- — 
standing of the relationship between essential fatty > 





Abdominal aortic tissue 


| No fat Corn oil | Animal fat | No fat 
Saturated 560 56-2 51°6 74-2 
Monoenoic 36-9 14-7 35-0 ; 17-8 
Dienoie 12-0 22-2 f 10-3 | 6-2 
Trienoie 0-9 1:2 0-9 0-7 
Tetraenoic L-5 16 | DS O-6 
~Pentaenoic 0-2 02 | OQ | 1-0 
-Hexaenoic 0-5 | 05 0-5 | 0-4 
| | 
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ral investigators have - 


atheromatous plaques, sev 


concluded that Sinclair’s hypothesis is not substan- : e 


tiated?.3. Very recently, Sinclair*t has joined issue- 
with those who drew these conclusions by suggesting 
that the fatty acid analytical techniques employed ` 
do not differentiate between the essential fatty acids | 
(linoleic and arachidonic) and non-essential fatty acids ©. 
Although in the present. 


acids and plaque formation. 


Three groups of 12-week old Leghorn pullets were. 2 


fed for three years on : (1) a standard low fat laying > 


ration; (2) the same ration supplemented with ee eee 
per cent corn oil; or (3) supplemented with 10 per > 
cent animal tallow. After killing the hens at the end. 


of three years on the above diets the aortas were. 


removed from the heart to the iliac bifurcation, Sy : 


cleaned of adhering tissue and visually scored*. Since > 
significant plaque formation affects primarily the —— 


abdominal region of the aorta only this segment was... 
used for the fatty acid analyses. From each of the = 
three fat treatment groups four abdominal aortic = 
segments with the severest atherosclerotic involve- 


ment (out of a total of 15-17 per group) were care- 
fully dissected into plaque and clear areas. Lipids 
were extracted with chloroform/methanol . (2: 1) 
from the pooled plaque and clear tissues as well as 
intact abdominal segments from the three treatment 
groups showing little or no atherosclerotic involve- 
ment, the extracts filtered and analysed for iodine* 
numbers and polyunsaturated fatty acids by the 
methods of Luddy et al. and of Morris and Riemen- 
schneider*. E 

The results of these analyses are shown in Table 1.. 
It can be seen that in all but one instance the di- and 
tetra-enoic fatty acid concentration of the lipids from 
the plaque areas was lower than for the clear areas 
from the same aortic segments. However, even the 
concentration of these fatty acids from the clear areas 
was lower than for the non-affected abdominal 
segments. Table 1 further shows that there is an 
inverse relationship between the severity of the 
atherosclerotic involvement (visual score) and. the 
level of essential fatty acids in the plaque tissue. 


“While these observations lend support to Sinclair's 
original suggestion, the fact that considerable athero- 


genic development occurred even in the birds fed 
with corn oil the aortas of which contained a com- 
paratively high essential fatty acid concentration, 
would strongly suggest that plaque formation does not 
owe its origin to an essential fatty acid deficiency. 


EXTRACT FROM ABDOMINAL AORTAS OF CHICKENS FED DIFFERENTLY SATURATED 
Fats FOR THREE YEARS ; 




















i Affected 
Sean Loree rona ronnen T naaa emi e mtd aa nna aaa a raa nra È 
Plaque area | Clear area 
| Corn oil Animal fat | No fat Corn oil Animal fat 
| 54-0 501 | 565 | 463 |- 455 | 
| 271 35:6 | 307 |} 30 | #23 
155 11-4 wa | if 4 9-7 
0-9 1-2 ro | 0-9 | 0-7 
10 09 T E 7 ee 1 f 
i 0-1 | 02 02 | 02 02 
| 0-5 0-6 04 0-4 0-6 | 
i i i f 


fates SEANAR a AAAA AERA EL AAEE Aa rr haler IA AAAA aa amam meee ea v e A na ama amaaan arame A at APE RAT I A FAS Latarenn inaa naaa o anana an un anan amain eer er AH nan: 


1 = unaffected ; 6 = most severe involvement. Scores for the affected abdominal aortas were: No fat, 3-0; corn oil, 
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from the U.S. Public Health Service and New Jersey 
Heart Association. 


H. FISHER 
A. §. FEIGENBAUM 


Department of Poultry Science, 
Rutgers University, 
New Brunswick, 
New Jersey. 


* Sinclair, H. M., Lancet, 381 (1956). 


* Böttcher, C. J. F., eh ai J. G., Romeny-Wachter, ©. C., Ter 
Hoes} Boelama-Van, E., and Van Gent, C. M., Lancet, 1207 

* Luddy, F. E., Barford, R. A., Riemenschneider, R. W., and Evans, 
J. D., J. Biol. Chom., 232, 843 (1958). 

* Sinclair, H. M., Lancet, 789 (1959). 


* Weiss, H. S., J. Gerontol., 14, 19 (1959). (All aortas were graded by 
Dr. H. S. Weiss, whose assistance we gratefully acknow edge.) 


* Morris, 5. G., and Riemenschneider, R, W., Arch. Biochem, Biophys., 
78, 138 (1958). 


HAEMATOLOGY 


Elevation of Serum Haptoglobin in 
Rabbits in Response to Experimental 
Inflammation 


NorMaL human serum contains sufficient hapto- 
globin to bind approximately 130 mgm. of hemo- 
globin per 100 ml. (ref. 1) A number of other 
mammalian species, including the rabbit, have much 
lower serum haptoglobin-levels*. In order to have 





2 
Days after injection 


3 


Fig. 1. Starch-gel electrophoresis (ref, 5) of serum samples from 
a rabbit following injection of turpentine, The buffer composition 
was 0°021 M boric acid 20 per cent neutralized with sodium 
hydroxide. Hemoglobin was added to all samples in amounts 
sufficient to bind free haptoglobin. The samples on the two 
edges of the gel are duplicates of the neighbourin samples. 
The position of the hemoglobin zone is indicated by the symbol 
Hb, the hamoglobin-haptoglobin zone by Hb-Hp 
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available a plentiful source of rabbit haptoglobin a 
method was sought by which the normal serum level 
could be elevated. Observations on patients with 
various diseases suggested that tissue inflammation 
might provide a means to this end’. Accordingly, the 
effect of administering turpentine to rabbits was 
investigated. 

The range of serum haptoglobin concentration* in 
32 rabbits was 2-35 mgm. with a mean of 10 mgm., 
expressed in milligrams hwmoglobin-binding capacity 
per 100ml. Fifteen rabbits of various ages received a 
l-ml. dose of turpentine injected subcutaneously in 
the dorsolumbar region. In these animals the serum 
haptoglobin concentration increased to 150-300 mgm. 
per 100 ml. The rise began at approximately 12 hr. 
after injection and reached a peak at 48 hr. The 
level afterwards decreased and fell to one-half of the 
maximum in 24-3 days. 

The changes in starch gel electrophoretic pattern® 
following turpentine injection are illustrated in Fig. 1. 
Although the increase and subsequent decrease in the 
hemoglobin-haptoglobin zone is the mpst striking 
feature, there are changes in several other zones, 
particularly in those migrating between albumin and 
the hemoglobin-haptoglobin complex. Analysis of 
serum samples for total protein-bound carbohydrate*® 
and total protein’ were also performed. Serum 
glycoprotein concentration doubled during the initial 
48 hr, after injection. More than half the increase of 
the serum glycoprotein at 48 hr. could be attributed 
to haptoglobin. No appreciable changes in the total 
serum protein level were observed. 

Whether the rise in haptoglobin represents net 
synthesis or liberation of pre-formed haptoglobin has 
not been elucidated. The site of synthesis or of 
liberation also remains unknown. However, it is 
unlikely for the following reasons that the hapto- 
globin is released into the blood at the site of injection : 
(1) the haptoglobin-level of exudate withdrawn from 
the site of injection at 24 and 48 hr. was found to be 
much lower than the haptoglobin-level of serum ; 
(2) the injection of 2-0 N hydrochlorie acid which 
caused local ulceration failed to produce marked 
elevation of serum haptoglobin ; (3) when repeated 
daily injections of turpentine were administered to 
one rabbit at different sites, the maximum level of 
hap bin and the rate of disappearance were 
within the limits observed when only a single dose 
was given. These observations suggest that a tissue 
pool of haptoglobin may exist normally, possibly in 
the liver, and that the protein is released into the 
blood stream in response to inflammation. 

This work was supported by a grant from the 
National Research Council of Canada. One of us 
(R. K. M.) holds a Graduate Medical Research 
Fellowship of the National Research Council of 
Canada. 


R. K. Murray 
G. E. CONNELL 
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_ Effect of Manganese Edetate on Blood 
| Formation in Rats 


ir has been reported by Sullivan! that anemia 
eveloped in immature rats fed on a diet containing 
hose metallic complexes of edetic acid having 
tability constants lower than ferrous iron, the 
nemia being preventable by simultaneous iron 
njections. Other authors*4 had reported that these 
complexes given to adult rats orally or by injection 
produced no alteration of the blood picture compared 
vith controls. It seemed probable therefore that the 
helates were capable of producing an iron deficiency 
nemis in immature rats but less readily or not at all 
adult animals, and this problem has been further 
restigated. 
sontrol and treated groups of rats were matched 
according to- age and sex, and received a diet of 
owdered rat cubes with water to drink ad kb. 
Treated rate received, in addition, 4 per cent manganese 
_ edetate in the diet. This complex has a stability 
= constant “slightly lower than ferrous iron, which it 
- would thus*be expected to chelate, but somewhat 
higher than complexes formed by sodium, magnesium 
= and calcium, so that any abnormalities in treated 
: rats due to deficiency of these cations would be 
= avoided. Blood for investigation was obtained either 
= by amputating the tip of the tail or by decapitation 
under ether anesthesia. 

. Table 1 shows the results obtained. Group 1 
3 ‘consisted of adult rats treated for 50 days. Although 
there was a significant difference between the hæmo- 
-globin values of control and treated rats, those of the 
- treated animals were only slightly reduced, and no 
- other abnormalities in the blood picture were dis- 
< covered, 
Groups 2 and 3 consisted of young immature rats 
-which were treated for 50 and 40 days respectively. 
The hemoglobin values of treated animals were 
~~ much lower than controls in both groups, particularly 
in the more immature rats in group 3. The red cells 
of treated rats in group 2 were microcytic. The mean 
_ corpuscular hemoglobin concentration of treated 
animals in group 3 was significantly lower and the 
blood film confirmed a hypochromic anemia. 
O After 50 days treatment with manganese édetate, 
Se rats in groups 1 and 2 were returned to a normal diet 
_ for 30 days. Blood investigations were then. repeated, 
- and no significant differences between treated and 
ontrol rats remained. 
In these experiments, a severe but severi iron, 
ficiency anemia was produced among immature 
ut not adult rats. The more immature the rats, the 
10re severe was the anemia. Previous results! 
ndicate that this effect can be produced by many 
+ heavy metal chelates less stable than ferrous edetate. 
-There are reports that manganese may affect blood 
T formation but these are contradictory’. 
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BLOOD INVESTIGATIONS ON RATS RECHIVING 4 PER CENT MANGANESE EDETATE IN Tae. pier, COMPARED WITH CONTROLS, 


All animals gained weight, E the gain of 


treated rats in group 3 was poor compared with their a a i 
Taste cannot be excluded as a cause for = 
This group of rats © = 


controls. 
this since rats were not pair-fed. 
also differed from the others in that they had just 
been weaned. 

I wish to thank Prof. R. S. Stacey and Dr. M.S. R. 


Hutt for advice and assistance, and Dr. J. K. Aiken | oe 


of the Geigy Co., Ltd., Manchester, for supplies of 


manganese edetate. R 
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Department of Pharmacology and Therapeutics, 
St. Thomas’s Hospital Medical School, 
London, S.E.. 
t Sallivan, T. J., Arch. Int. Pharmacodyn. (in the press). 
* Child, G. P., and Leonard, P,, Fed. Proc., 10, 286 (1951). 
* Child, G. P., Science, 114, 466 (1951). 
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* Cotzias, G. C., Physiol. Rev., 38, 503 (1958). 


Rivanol in the Preparation of 
Plasminogen (Profibrinolysin) 


Tue most commonly used technique for preparing — 
plasminogen is that worked out by Kline! using => 
Plasminogen — 


fraction III as a starting material. 
seems to be a rather resistant protein, for extreme 
pH’s are used in the above-mentioned method. It 
would be interesting to compare the profibrinolysin 
prepared by the Kline technique with a product 
obtained by a completely different method. 

Rivanol (diammo-ethoxyacridine lactate) has been 
used for the preparation and purification of several , 
plasma proteins such as y-globulin’, §,-metal 
combining globulin®, ceruloplasmin‘, haptoglobin 
and thrombin’. So we were interested to study the 
behaviour of plasminogen during subfractionation of 
fraction IIL by rivanol. 

The fibrinolytic activity of each sample obtained 


after streptokinase activation (‘SK Diamant’) is 


measured by a technique using purified and relatively 
plasminogen-free fibrinogen (Kekwick et al.) and 
thrombin (unpublished) preparations following the 
technique of Kowalski ef al.*.. Small coneentrations 
of rivanol do not interfere with the detection of 
fibrinolytic activity. Samples freed of the acridine 
derivative by treatment with charcoal at pH 8-5 
showed. almost the same activity. ° 

“ Ceruloplasmin can be prepared, as recently de- 
seribed!, by treating fraction III with rivanol. We 
found that plasminogen is precipitated together with 
ceruloplasmin as revealed by the screening test for 
fibrinolytic activity. 

The rivanol—protein complex obtained in step 2 is 
dissociated at pH 4 and 50 per cent alcohol concen- 
tration. The precipitate is then extracted by acetate 
buffer 0-5 M, pH (final pH 5-9), This solution 
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[ vins ; o aori but has no fibrinolytic 
activity. The plasminogen is not destroyed and is still 
present in the bulk of denatured proteins. Plasmino- 
en is more soluble in dilute salt solutions and so we 
` treated. the precipitate remaining after the extraction 
os... of ceruloplasmin by dilute saline at pH near neutral- 
it 

ee extract freed from rivanol by treatment 
with charcoal at pH 8-5 is highly active as shown by 
- fibrinolytic activity tests. 
Further work is in progtess and will be published 
elsewhere. 
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PLANT PHYSIOLOGY 


Specific Interaction of Native Protein and 
Inorganic Salts 


- Unper the action of certain inorganic salts, native 

eserum proteins release a phytohormonal fraction 
inhibitory to the growth of plant roots, as may be 
seen by comparing Fig. 1 with Fig. 2. 

Fig. 1 shows the average increment in millimetres 
in 24 hr. of roots of Lupinus albus (the Macht- 
Livingston technique!) grown in nutrient solutions 
containing five different concentrations of serum in 

five independent experiments, that is, one with each 
concentration of serum. The nutrient solutions were 
made up of 1-10 per cent serum (v/v) diluted partly 
with water and partly with a well-balanced triple- 
salt solution consisting of 2:5 mM calcium nitrate, 
7-3 mM magnesium sulphate and 9-0 mM potassium 
dihydrogen phosphate (after Shive*). The serum 
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-e Fig, 1. Growth of Lupinus albus roots in water and salt solutions with or without serum 
: ‘added, in five independent experiments. Ordinates: growth in mm. in 24 hr. at 15° C., 
bacisi : {1) dates of experiments (1958), (2) percentage (v/v) of serum in water or salt 
Serum from one proband, freshly taken on each ex- 
95 per cent fiducial limits 
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Fig. 2. Growth of roots in water and salt solutions with or with- 
out addition of an ultra-filtrate of denatured serum in six inde- 
pendent experiments (two ordinate values are partially common 
in one experiment. (December 17, 1958)). Ordinates: growth in 
mm. in 24 hr. at 18° C.+ abscissse: (1) dates of experiments (1958), 
(2) percentage (v/v) of ultra-filtrate (OF) in water omsalt solution 
in two lower curves. Ultra-filtrate of serum from various pro- 
bands, freshly taken the day before each experimental date. 
Vertical transverse lines on curves: 95 per cent fiducial limits 


originated from five different samples of blood, one 
for each experiment, taken from the same proband. 

The curve marked ‘water’ in Fig. 1 shows the 
increment in distilled water, while that marked ‘salt’ | 
indicates the increment in the triple-salt solution. 
As previously demonstrated by Ekdahl? and by met, 
in a 24-hr. experiment in water the increment is 
greater or of the same order as in. the triple-salt 
solution. The vertical transverse lines on the curves. 
indicate fiducial limits at the 5 per cent level (varia- 
tion within experiments). 

The curves marked ‘serum—water’ and ‘serum-—salt’ 
show the growth in water and in the triple-salt 
solution, respectively, with serum added at the con- 
centrations indicated on the axis of abscissw. The 
curves marked ‘serum—water’ and ‘serum~salt’ are 
at a lower level than the ‘water’ and ‘salt’ curves, 
indicating that serum causes reduced growth of the 
roots. 

Fig. 1 thus clearly shows two effects, namely, (1) a 
salt—root effect and (2) a serum-—root effect. A third 
effect is also shown in Fig. 1, but 
it is more distinct if the values of — 
the ‘serum—water’ curve in Fig. 1 
are converted into percentages of — 
the values of the ‘water’ curve in 
Fig. 1, while the values of the 
‘serum-—salt” curve in Fig. 1 are 
converted into percentages of the 
values of the ‘salt’ curve in Fig. I. 
As percentages, the values of the 
‘serum--salt’ curve fall below those __ 
of the ‘serum--water’ curve. 

Is this third effect due to a salt- _ 
root action, so that the sensitivity _ 
of the roots to serum action has 
been changed in the saline dilution, — 


j O . or is it due to a salt-serum ` 
Ce ee 9 action ? 
jO The answer must be sought in 


Fig. 2, which shows the results of — 
six growth experiments, in which | 
an ultra-filtrate (UF) of a heat- — 
denatured 33 per cent serum— 

water solution has been used as 


No. 4718 April 2, 1960 


nutrient medium, diluted partly with water and partly 
with the triple-salt solution already mentioned. The 
concentrations of the ultra-filtrate in the solutions 
are plotted as abscisse, the solutions having been 
diluted so that the percentages refer to the original 
serum concentration before heat-denaturation and 
ultra-filtration. By heat-denaturation all bound 
phytohormones will be released from the serum 
proteins‘, 

Like the curves in Fig. 1, those in Fig. 2 also show 
three effects. Two of these, namely, (1) a salt—root 
effect and (2) a ultra-filtrate—root effect, correspond 
to the salt—root effect and serum—root effect already 
mentioned. The third effect shown in Fig. 2 is that 
the increment in the ultra-filtrate—salt solution con- 
stitutes a higher percentage of the increment in 
the salt solution without ultra-filtrate, as compared 
with the percentage which the increment in ultra- 
filtrate + water constitutes of the increment in 
water without the ultra-filtrate. This third effect 
in Fig. 2, where an ultra-filtrate of denatured serum 
is used asea specific nutrient medium, is thus 
directly contrary to the corresponding effect in 
Fig. 1, where native serum is used as a specific 
nutrient medium. 

The pH of the solutions cannot be the cause of the 
difference recorded in the activity of native serum on 
one hand and an ultra-filtrate of denatured serum 
on the other, since all solutions containing Shive salt 
have a lower pH value than the corresponding solu- 
tions in which distilled water is used as diluting agent. 
In Fig. 1 the most acid serum-salt solution has thus 
the greatest root-growth inhibition, whereas in Fig. 2 
the most acid ultra-filtrate-salt solution has the 
smallest root-growth inhibition. 

An ultra-filtrate of denatured serum contains all its 
phytohormones in the free, unbound form, whereas 
native serum contains most of its phytohormones in 
the bound form‘. Since a nutrient solution in which 
all phytohormones are found in the free form (the 
curves with ultra-filtrate in Fig. 2) has thus shown 
an effect contrary to that of a nutrient solution in 
which the same phytohormones are present in parti- 
ally bound form (the curves with serum in Fig. 1) 
but where otherwise all other factors are alike, the 
difference must be due to the serum protein compon- 
ent in Fig. 1. In an experimental. arrangement 
analogous to that of the experiments in Figs. 1 and 2, 
four experiments with varying concentrations of 
urine, which, in some respects, may be regarded as 
an ultra-filtrate of serum, have shown the same 
effect as found in the experiments with an ultra- 
filtrate of denatured serum. This also suggests that 
the difference between the results shown in Figs. 1 and 
2 is due to the protein component in the nutrient 
solutions in Fig. 1. 

That native serum diluted with a salt solution has 
thus shown the greatest inhibition of root growth, 
relatively as well as absolutely, compared with its 
effect when diluted with water, must therefore be 
interpreted as being due to a protein-salt effect 
rather than to a salt—root effect. 

Since phytohormones can only be imagined to 
affect roots when present in the free form, the in- 
creased phytohormonal effect in serum diluted with a 
salt solution must be due to the fact that the salts 
release quantities of phytohormones from the native 
serum proteins. 

For grants enabling me to carry out the present 
work, I am indebted to the P. Car] Petersen’s Founda- 
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2,6-Dichlorobenzonitrile: a New Herbicide 


In the course of a screening programme investigat- 
ing the herbicidal activity of various benzonitriles and 
related compounds it was found that many of these 
substances inhibited the growth of young oat plants 
and the germination of seeds of many weed species. 

The most active compound in this series proved to 
be 2,6-dichlorobenzonitrile (code No. H 133), The 
germination of seeds is especially inhibited by very 
small amounts of H 133. This inhibition is illustrated _ 
in Fig. 1, where millet seeds (Panicum miliaceum) 
have been sown on a 2 per cent agar containing the 
indicated amounts of 2,6-dichlorobenzonitrile per ml. 
The tubes contained 10 ml. of the agar solution. A 
concentration of 5 x 10° mgm. of H 133 per ml. 
strongly inhibited germination. In a comparison 
with ¢sopropyl-N-phenylcarbamate (1.P.C.), the same 
degree of inhibition occurred at a dose of about 
5 x 10° mgm. 

H 133 is easily absorbed by seeds either from a 
solution or from the vapour. In laboratory experi- 
ments the germination of wild oats was completely 
inhibited if flats were sprayed with amounts of H 133 
corresponding to doses of 0-5-4 kgm. per hectare 
depending on the type of soil. Seeds of some plant 
species, for example, rice, groundnuts, maize and 
sunflower, showed a distinct resistance to H 133. 

Besides inhibition of germination the effects of 
H 133 appear in general killing or stunting the growth 
of young plants. Older and also full-grown plants 
were not damaged by this compound. After applica- 
tion of small amounts of H 133 various effects on 


plants could be observed. Growing tips are obviously e 


very sensitive to this compound. H 133 thus acts 
via the roots as well as by way of the green parts of 
the plants. 
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When applied in a lanolin paste to the stem of 
bean plants a local swelling of the stems occurred, 
mainly caused by an increase in diameter of the 
parenchyma cells. The stems of sunflower and 
groundnut plants also showed a characteristic 
swelling. In plants like tobacco and Salvia, leaf 
growth is inhibited simultaneously with an increase 
in thiekness of the leaf. 

H 133 is very active in vapour form, in spite of the 
low vapour pressure (3 x 10-*mm. mercury at 20° C.). 
A characteristic effect is illustrated in Fig. 2, where 
young oat plants were exposed to the vapour of 
H 133 during 24 hr. by covering them with glass bells 
containing in the top a piece of filter-paper with a 
certam amount (0:01-0:07 mgm.) of H 133. The 
young leaves toppled over and all cells in the actively 
growing meristems collapsed (Fig. 2). 

The same effect may be observed under appropriate 
conditions 10 min. after spraying the plants. 

, Sprouting of stored potato tubers is completely 
inhibited by exposure to H 133 vapour. 

In an Avena coleoptile section test an antiauxin 
effect was observed. Concentrations of 10-* mgm, 
of H 133 per 0-5 ml. buffer inhibited the growth 
stimulation of 10-* mgm. of indole acetic acid per 
0-5 ml. buffer solution. 

Experiments in which respiration or photo- 
synthesis was measured in a Warburg apparatus 
showed that neither respiration nor photosynthesis 
of tobacco leaves was inhibited, if the leaves were 
placed in a saturated solution. The solubility of 
H 133 in water is 18 p.p.m. 

A specific effect of H 133, for example, the toppling 
over of young oat plants, was not observed, if known 

* herbicides, as phenoxyacetic, phenylacetic or benzoic 
acids, were used. On the other hand, leaf modifica- 
tions as caused by phenoxyacetic and benzoic acids 
have never been shown. 

The acute toxicity of H 133 for warm-blooded 
animals is low. The acute oral LD50 for mice is 
>6 gm./kgm. body-weight ; the acute intraperitoneal 
LD50 for mice is >3 gm./kgm. body-weight. 

These effects of H 133 indicate its possibilities as a 
herbicide. It is active against many weeds, for 
example, wild oat (Avena fatua), bracken (Pteridium 
aquilinum), chickweed (Stellaria media) and cleavers 
(Galium aparine), whereas some crops have proved 
resistant to it. 

A full account of these investigations will be 
published elsewhere. 

H. KOOPMAN 
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N.V. Philips-Duphar, Weesp, Holland. 
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‘Boekesteyn’, N.V. Philips-Duphar, 
‘s-Graveland, Holland. Oct. 6. 
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Volvox Colonies and Snail ‘Cytase’ 


HAVING seen the very striking way in which snail 
‘eytase’ brings about the dissolution of cell walls in 
angiosperm roots (following the suggestion for its use 
in cytological techniques'), L wondered what effect 
this substance might have on a colonial organism 
such as Volvox. Would it be possible to separate the 
cells of the colony into a swarm of Chlamydomonas- 
like creatures, or, better still, would it be possible to 
liberate the protoplasts as free-swimming naked. 
individuals ? a 

Small quantities of a culture of Volvox aureus Ehr. 
were placed in watch glasses and sufficient of the 
coffee-coloured ‘enzyme’ (obtained from the crop of 
the edible snail) was added to each to bring the 
strength of the enzyme up to about 20-25 per cent 
of the total bulk of the liquid. 

The treated colonies were kept at room temperature 
and examined under the microscope from time to 
time for up to three days. At no time did any of them 
show any signs of separating into individual free 
cells. The only visible effects of the treAtment were 
(a) the production of one or more large dimples in 
most of the colonies, presumably due to slight plasmo- 
lysis, and (b) a slight swelling of the outer region of 
each colony. 

The ability of the colonies to resist dissolution was 
quite unexpected, especially since the “enzyme’ is 
known to contain at least twenty* constituents 
capable of acting on a wide range of carbohydrates. 
As a check on the activity of the snail enzyme under 
the conditions and at the dilution described above, a 
little ground wheat endosperm was added to some of 
the watch glasses after 12-24 hr., and in each case 
both the starch grains and the cellulose endosperm 
walls were readily dissolved. 

Thus although it is possible to obtain a positive 
cellulose reaction on Volvox by treatment with 
iodine and sulphuric acid, it seems that in the living 
condition the material forming the matrix of a 
colony must either be very different from that of the 
walls of higher plants, or it must be protected in 
some way by the incorporation of some substance 
(such as protein) which is not attacked by the snail 
enzyme. 

I wish to thank Miss E. H. Evans for supplying the 
snail enzyme and the Cambridge Culture Collection 
for the culture of Volvox aureus. 
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Regent’s Park, 
London, N.W.1. 
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RADIOBIOLOGY 


Significance of Adrenals for Increased 
Oxygen Consumption in Rats during 
Irradiation 


THE first minute of exposure to ionizing radiation 
produces in animals many changes which may be 
explained as stress reaction. In my previous com- 
munication I had shown a significant increase in oxy- 
gen consumption in rats during irradiation with a 
dose-rate of 50 r./min.'. Since I believe that this 
increased oxygen consumption is a demonstration 












cO fat ces reaction too, I should like to explain the 


‘xperiment. . 7 
I used 60 female rats (Wistar sitan, average 
weight 200 gm. Bilateral adrenalectomy wag performed 
on 50 rats, sham operation on 10 rats. The adrenal- 
-ectomized rats were fed on a standard Larsen diet 
cand drinking water was replaced by saline ‘solution. 
The division in groups was as follows: (1) experi- 
mental group : (adrenalectomized, irradiated rats) 
40 rats); (2) control group: (adrenalectomized 
rats without irradiation) (10 rats); (3) control group : 
sham UE irradiated rats) (10 rats). 
iescrihoi din my previous. communicationt, 
oe “The ourse of oxygen consumption in experimental 
; and. control rats is given in Fig. 1. In all irradiated 
groups, the oxygen consumption was already sig- 
nificantly increased in the first minute of irradiation 
with a dose-rate of 50 r./min. The difference in 
_ oxygen consumption between group l and group 2 
s 1s statistically significant (P < 0-01). The oxygen 
consumption in rats after sham operation has in- 
--ereased much more (P < 0-005) than in the experi- 
_ mental groups. 


Change in oxygen consumption during radiation. 
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: adrenalectomized, irradiated rats;  -~--—~-—, adrenaiectomized 
: non-itradiated rats 
















: As. oxygen consumption was increased “during 
irradiation in. all. adrenalectomized rats I believe 
that an increase in oxygen consumption could not be 
xplained as the influence of accidental accessory 
suprarenals. In accordance with Selye’s experiments, 
“do not exclude the possibility that the changes in 
xygen consumption during irradiation are a mani- 
station of radiation stress*. 

The difference in the increased oxygen consumption 
ring irradiation, both in experimental and control 
radiated. rats, indicated that the change in oxygen 
consumption is higher in presence. of the adrenals, 
; assume that adrenals, too, take part in the increas- 
ing oxygen consumption. ‘But the velocity of the 
crease in oxygen consumption in the first minute 
of irradiation rather indicates a presumably reflex 
mechanism of these changes. I suggest that the 
increase in oxygen consumption has been produced, 
one hand, by a direct influence of the nervous 
ste on tissue mee and, on ane other hand, 











role of adrenals in these changes in the following . 


91 


these changes are later accompanied by humarak. 
factors. 
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Hazard of Tritium as a Deoxyribonucleic 
Acid Label in 
“of the 


Recommendatic ns 





In the 








International. a ee 


Commission on Radiological Protectiont® (1955, 1960) 
on maximum permissible body burden, tritium is 
considered only in water which is widely and uni- 
formly distributed throughout the body. Tvis pointed : 
out in the Recommendations that great care must þe : 





taken in applying these data to other chemi 
which may give a different localization. - 


However, 
this fact is still not always appreciated and although 


it is particularly serious for tritium. 


The average — 


range of its beta-particles is only about ly (maximum © z 


range about 7u) and the local dose-rate will have 
reached about half the maximum for a deposit of 


isotope in a volume of the order of only 10u’. Further, a 


an increased relative biological effectiveness is to be 
expected for these low-energy. beta-particles com- 
pared with gamma radiation, and from observations 
of radiation effects on cell growth, Pinson and 


Langham? have suggested that a value of 1-7 should. 


be used. 
One of the frequent applications of tritium is in 
labelling precursors of deoxyribonucleic acid such as 


thymidine. These will be taken up specifically by the = 
limited number of cells in the period of synthesis of 


deoxyribonucleic acid prior to division. The radio- 


active material will then be associated with the’ - a 
chromosomes and will produce local irradiation of an ~ 


essential part of the cell, being particularly likely to 
interfere with division or to produce gene mutations. 
A concentration of only 0:03 uwc./gm. within a nucleus 
of 500u° could deliver a dose of 0-06 rad (0-1 rem) 
in one week within that nucleus, and such an uptake 


‘am some 101 dividing cells would constitute a body «| 
burden of 15 uc. (ref. 4) only 1/167 of the latest = 


International Commission on Radiological Protection. 


value?, 


We have directed attention to the possibility of 


appreciable radiation effects from the amounts of 
tritium-labelled thymidine used in 
graphy‘. In fact, marked toxic effects have been 
observed in tissue culture by Osgood’, 
Painter and Drew’, who reported that 0-1 ue./ml. 
medium for 24 hr. or 0:02 uc./ml. medium for 72 hr. 
resulted in the deat 
respectively. 






autoradio- 


and by 





1 of 90 and 50 per cent of colls 


Painter, Drew and Hughes’ compared the effects x ue z 
of tritium-labelled water and tritium-labelled thy- 


midine in the medium for 24 hr., on the inhibition of — 
Comparable depressions were. 


growth of Hela cells. 
produced by 5,000 uc./ml. medium and 5 ue./ml. 
respectively. 
effectiveness of 1-7 this implied a ‘concentration’ 
factor of 590/1. 
suggested above in connexion with body burden ; 
but it must be realized that in this latter case. the 
dose of 0-1 rem was averaged over the total nuclei 


Allowing for a relative biological | 





This is a greater difference than 
















the particles is so short that the radiation effect is 


particle of the average energy (0-055 MeV.) ean be 
considered to dissipate this energy within a sphere of 
only lu diameter, corresponding to a dose within this 
small volume of some 168 rads (286 rems if a relative 
biological effectiveness of 1-7 in fact applies), so that a 
single particle is capable of producing very marked 
_ radiation effects within its limited range. This 
represents 5-10 times more energy than would be 
eft in a similar volume, adjacent to the point of 
mission, by the first part of the track even for a 
beta-particle from carbon-14, and the difference is even 
_ greater for particles.of energy. 

¿oo Johnson and Cronkite? have found comparable 
<. radiation effects on- moüse g 
















spermatogonia in vivo at 





concentration of thymidine in nuclei and in whole 
body ; but, of course, the uptake in any particular 
type of cell will depend on the local pool of thymidine, 
which will vary from tissue to tissue!®, An average 
concentration of 6 ue./gm. will give a dose of 
4 rads (or 6-8 rems); per 60 hr., which is, in fact, 
similar to the observed equivalent gamma radiation 
dose. j 

* There would be a difference between the cells 
initially receiving damage in these two cases. Gamma 
radiation would damage a. certain proportion of all 
cells at random, although this damage might not 
become obvious until the cells attempted division 
at some later time, 


with organ damage (as only the proportion of 
m synthesis of deoxyribonucleic acid at the time 
of administration will be affected), but rather with 
- mautagenie effects in those cells which have a long 
life span and several mitotic cycles in the body 
(for example, bone marrow stem cells and any 
mm" population). In these cells it is meaningless to 

sider rads per nucleus, as the uneven distribution 
















an A orporating the material. However, the range of | 


limited to small volumes even within these nuclei. A,” 


Fig. 1. 
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of energy within'the nucleus may-or may not affect a 
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BIOLOGY . 


Age Determination in the Harbour Seal, 
Phoca vitulina L. 


Recent detailed investigations of the life:histories 
of several arctic and antarctic phocids'-* have estab- 
lished the use of incremental layers in the dentine 
and cementum of canine teeth as accurate indicators 
of age. Such studies have relied on seasonal differences s 
in the rate and type of deposition for determining 
the annual nature of the layers, but so far as we 
are aware, the results obtained have never beén 
validated by examination of teeth from an ‘animal « 
of known age. 

Recently, we acquired from Dr. Victor B. Scheffer 
and Mr. Dale W. Rice, of the U.S. Fish and Wild- 
life Service, the right upper canine of an old adult, 
male harbour seal from the Seattle Zoo? This animal 
had been kept in‘ captivity since its capture as a 
pup, and its age was therefore known to within a 
few months. 4 

The tooth is illustrated in longitudinal section in 
Fig. 1, which shows that the bulk of the cementum 
is confined to the lower half. A thin-ground section 
in the same plane reveals that the cementum con- 
tains many well-defined layers, which are better 
resolved iri the transverse section (Fig. 2) cut at the 
level marked in Fig. 1. Each layer is about 1254 in > 
width and consists of a wide band of opaque cemen- — 
tum and a narrow translucent band. Examination 
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enamel aoe / 


dentine “°° 
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Diagrammatic longitudinal section of the right upper 
canine of an old male harbour seal 
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Fig. 2. Half of a transverse section of the same tooth cut at the 

level shown in the diagram. At least eighteen layers can be 

counted in the cementum 
of other specimens shows that the translucent band 
is laid down in the spring and early summer and 
may represent a period of minimal feeding during 
the breeding period and the moult, as is found in 
some other phocids},'. 

Preliminary counts gave the number of cementum 
layers as 18-20, the lower figure being finally chosen 
since it was éhe most certain. After our examination 
had been made, we learned from Dr. Scheffer that 
the seal was 19} years old, a fact which confirmed 
the annual nature of the cementum layers. There 
were no clearly marked dentinal layers in this par- 
ticular tooth, but examination of other canines from 
both male and female harbour seals has shown that, 
where dentinal layers are present, they agree in 
number with those in the cementum. 


A. W. MANSFIELD 
H. D. FISHER 


Arctic Unit, 

Fisheries Research Board of Canada, 
505 Pine Avenue West, 

Montreal 18. 

t Fisher, H. D., Fish. Res. Board Canada, MS. Rep. Series (Biological), 
588 (1954). 

* Laws, R. M., Falkland Islands Dependencies Sci. Rep., 8 (1953). 
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Anomalies in the Microscopic Structure of 
Some Wools 


Tue bilateral division of the cortex of merino wool 
into ortho and para sections has been clearly shown 
by many workers},?, and can easily be demonstrated by 
dyeing the fibres with methylene blue at the boil, at 
pH 7-4. When this experiment is carried out with 
Southdown or Corriedale fibres the shape of the two 
portions is often anomalous. Near the division 
between stained (ortho) and unstained (para) portions 
there often appears a core, often within the para- 
cortex, but stained more deeply than the ortho. 
When the experiment is repeated at pH 6 (at which 
very little segmentation is discernible in Merino) this 
core remains deeply stained and clearly distinguish- 
able from the ortho-cortex, which is relatively pale 
(Fig. 1). It is concluded from this experiment, and 
other similar experiments with fine crossbred wools, 
that in some types of wool a core more basophilic 
than the ortho-cortex exists, usually at the junction 
between the ortho and the para portions, and some- 
times completely in the para-cortex. In a sample of 
Southdown fibres one-third had such a core, and in 
Corriedale about two-thirds. When whole fibres are 
examined this core is towards the inside of the curve 
of the crimped fibre. It is proposed to call this core 
the meta-cortex. 
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The position and basophilic nature of this meta- 
cortex suggest that it might be related to the 
medulla, but, of course, no medulla is found in these 
fine crossbred wools. However, when a sample of 
white alpaca fibres was likewise stained at pH 6, it 
was possible to pick out fibres with a broken medulla 
joined by deeply stained cores. When slides of these 
fibres, viewed in the microscope, were flooded with 
acetic acid the blue stains of the core disappeared 
leaving the medulla portigns still visible. Occasion- 
ally, fibres stained at pH 6 showed a length of core 
with a few vacuoles along one edge (Fig. 2) and 
sometimes a concentration of vacuoles at one end. 
A sample of Masham wool similarly treated showed a 
mixture of core and medulla similar to that found in 
alpaca. One fibre showed some portions with two 
medullz (as is often found in llama) of which one was 
continuous throughout, and the other, which was 
thin, was replaced in portions by a single line of deep 
blue spindle-shaped cells, sometimes in line and 
sometimes overlapping. This again suggests. a 
relation between the medulla and the core or meta- 
cortex. 

It would also seem that the three regions of the 
cortex are different in sulphur content. Thorsen* has 
published pictures of Rambouillet, Suffolk and 
Navajo wool fibre cross-sections, stained in sodium 
plumbite, in which there is an unstained core as well 





Fig. 1. Southdown wool stained with methylene blue at pH 6 





Fig. 2. 


White Alpaca stained with methylene blue at pH 6 


od ’ 
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as two regions corresponding to the ortho- and paras — 


cortex. When Southdown and Corriedale fibres are 


similarly stained*in sodium plumbite, some of them `“ 


exhibit an unstained, sulphur-deficient, core near the 
junction of the dark brown para- and the light brown 
ortho-, often within the para-cortex. The fraction of 
such fibres is similar to the fraction of those showing a 
meta-cortex when stained with methylene blue at 
pH 6. A similar phenomenon can be seen in white 
alpaca stained with sodium plumbite. The medullated 
fibres (the majority) show a white, sulphur-deficient, 
ring around the medulla, often within the para-cortex, 


_ ~ and unmedullated fibres simply show the white core 


in the same position. The apparent sulphur deficiency 
of the meta-cortex and the known sulphur deficiency 
of the medulla‘ are thus consistent with the association 
between meta-cortex and medulla noted earlier. 
These observations would indicate that the 
medulla and the meta-cortex may be similarly 
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resembled a ‘compact white spot in the-middle of the 
web, the dense area reaching in some webs about 


5 em. in diameter. 


After the web was destroyed. the spinning process” 


was repeated. The untsual additional stabilimentum 
pattern appeared in large normal webs as well as.in 


small 6nes, which resembled primitive’ cocoon webs. ` 


The rate of spinning activities of this unusual pattern 
is variable. 

At the same time some females of another species 
of Uloborus were also found, in outward a anco 
and size very similar to U. walckenaerius but dis- 
tinctly differing in colour. Unfortunately the species 
has not so far been determined. One of fhese females, 
probably also unfertilized, spun similar additional 
stabilimentum patterns in her webs. ..In_ addition, 
during July this female spun an unusually large but 
empty cocoon, resembling in form a typical cocoon, 
of U. walckenaerius, and placed it on a cocoon web- 


derived within the fibre follicle. beside her web. On the fourth day the empty cocoon 
was torn off (probably by the spider itself) and found 
lying beneath the web. The spinning af an empty 
cocoon confirms the supposition that the female was _ 
not fertilized. a 


Both phenomena, the unusual web pattern and - 


T. D. Brown 
Keighley Technical College 
and School of Art, 
W. J. ONIONS 
Department of Textile Industries, 


University of Leeds. 
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* Thorsen, W. J., Text. Res. J., 28, 185 (1958). 
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Unusual Web Pattern made by an 
Unfertilized Female of the Spider 
Uloborus walckenaerius Latreille 
A MATURE female of Uloborus walckenaerius was 
found in May 1959 in the precincts of Jerusalem. 
The female lived about four months in the laboratory 
_and reached a large size; she did not lay eggs and 
was probably not fertilized. 

A few weeks after bringing her into the laboratory 
an unusual pattern appeared in her web. Besides 
the usual radial stabilimentum, an additional design 
appeared, forming a lace-like delicate pattern in the 
centre (Fig. la). During the following days the 

ə pattern became denser and its area larger. Towards 
the end of this process the additional threads com- 
pletely covered the normal stabilimentum and the 
whole central area (Fig. 1b). The new formation 





(a) 


Fig. 1. Central part of the web of U, walekenaerius with additional 
pattern. a, Initial stage; 6, final stage 


(b) 


the spinning of the empty cocoon, in an unfertilized 


female show that: (l) increased silk. production 


in the mature female is probably independent of 
fertilization, and leads to an unusual stabilishéntum 
pattern in the web; (2) making the cocoon may be 
independent of egg-laying. K y x 

Although it is difficult to judge by a single observa- 
tion of throwing away an empty cocoon, it never-" 
theless suggests the existence of some action to 
control the completed cocoon. This latter suggestion - 
needs further investigation. 


I am grateful to Dr. A. Shulov for identifying 


U. walckenaerius. 


A SZLEP * 
Department of Zoology, _ io 4 -ea S" 
Hebrew University, oo ey g 
Jerusalem, F: 


Perfect Stage of Microsporum gypseum 


In 1927, Nannizzi! reported the discovery of the 
perfect stage of Microsporum gypseum (Bodin) Guiart 
and Grigoraki and named it Gymnoascus gypseum 
Nannizzi. This work was criticized on a number of 
grounds, and, as there has been no record of its 
successful repetition, it has been generally dis- 
regarded. 

I, by chance, rediscovered this same perfect stage 
in April 1959 when I noticed the presence of cleisto- 
thecia typical of the Gymnoascaceae associated with 
Microsporum gypseum growing on hair resting on the 
surface of moist soil in a laboratory experiment. 
This conclusion is supported by the following evi- 
dence: (a) macro-conidia of M. gypseum were borne 
directly on the characteristic peridial hyphe of the 
cleistothecia ; (b) both ascospores and macro-conidia 
gave rise to colonies producing both the sexual and 
asexual stage, although the sexual stage was only 
produced if the fungus was grown on hair mixed 
with moist soil, in the confirmatory tests the whole 
system having been sterilized prior to inoculation. 
Although the cleistothecial characteristics of the 
present isolate differ in certain respects from 
Nannizzi’s diagnosis of his isolate, the differences are 
explicable and I regard the two to be conspecific. 


` 
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Considered he the recent Ea of "ae pore 


: beget the Sih v in Ireland 


Ix May 1959, during an investigation of the inter- 
tidal ecology of the Kenmare River, Co. Kerry, full- 
grown: single*individuals of this American gastropod 
wore, found to be common below mid-tide level at 
‘Kilmakilloge Harbour, a shallow and protected inlet 
‘on the southern shore of the estuary. This species 
is well known as a pest of oyster beds on the eastern 
and southérn shores of England, and is also present 
in Wales',*but is believed not to have been recorded 
previously from Irish waters. Studies on the biology 
of Crepidula have shown that distribution on ships 
is the main, if not the only, means of remote dispersal?. 
It is therefore probable that this species has reached 
Freland attached to vessels previously laid up in 
British harbours. As part of the survey, a special 

sarch was also made for the Australasian barnacle 
Elminius modestus Darwin which, though now 
„widespread in -Britain®, has in Ireland only been 
reported“ from Lough Ine, Co. Corkt. However, 
Eiogniga: was ‘not found. anywhere within the 
Kenmare River, n nor was Orepidula noted at other 
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: A Mesozoic Microflora from South Africa 
-TK 1948 I examined a specimen of low-grade coal 


fiom the Gamtoos River, Eastern Cape Province, 
South Africa, and found it to. be pariaman rich 


in the Wood Beds of the Uitenhage: series in the 
-Gamtoos River basin were afterwards found to con- 
tain a comparable, though much less rich, spore 

assemblage, thus giving a fairly consistent picture of 

@ Mesozoic flora of the region. _. 

At the time of investigation it did not geem possible 

to name many of the sporomorphs ;» but owing to the 

progress in sporomorph taxonomy of the past ten 

years many can now be named, at least tentatively. 
Of particular interest are three species of saccate 
‘sporomorphs. One of these is similar to, if not identical 
: with, ia i PERR (Cookson) Balme, a form 








g of the pel allied mobs oeal a ihe 
3 =- pollen of Caytonanthus (Caytoniales) and very likely 


s mown from 1 Australia and Now Zealand, 


Another 





ESA 


"Australia. 


Both Rie are Sa been ad 


as likely Podocarpaceae. The third is Caz ytonipollenttes : 
pallidus (Reissinger) Couper, identical in form with 


reférable to this widespread group of Mesozoic 


Pteridospermae?. 


_ eycadophytus sp., Cicatricosisporites c.f. brevilaesuratus . 


Other sporomorphs include Classopollis torosus _ 
(Reissinger) Couper, Tsugaepollenites sp., Ginkgo- 


Couper, and trilete spores resembling those of. 
Cyatheaceae, Dicksoniaceae, Matoniaceae, Schiz- 
aeaceae and Gleicheniaceae. Avtotal of about thirty = 
sporomorph species has so far been istinguished. k 
The age of the Uitenhage Wood Beds is regarded 
as Wealden®. The spore assemblage, so far as it has - 
been studied at present, is quite consistent with this, 
though not proving it, as the microflora is typically ng 





mid-Mesozoic, closely comparable with Upper Jurassic 


and Lower Cretaceous ones and apparently lacking 
certain forms which seem to be typical of the Lower 
Cretaceous of Australia, such as Ciecatricosisporites: 
australiensis (Cookson) Balme and Microcachrydites 
antarcticus Cookson. 

Mid-Mesozoic microfloras of South Africa have not 
been investigated, and the present study suggests 
some resemblances to both northern and southern 
floras of about the same age, that is to say, a southern 
and a cosmopolitan element are. present. In view 
of the occasionally mooted theory of southern origin 
of angiosperms in lower or mid-Mesozoic times, it is» 
perhaps worth stressing that the present limited 
evidence is only negative. A fuller taxonomie 
account of the material is in. preparation. _. 

I am indebted to Dr. J. Hewitt, formerly director 
of the Albany Museum, Grahamstown, for material: oa 
to the Council for Scientific and Industrial Research, aN 
South Africa, for a grant for palynological studies ; 


and to the Commonwealth Scientific and Industrial“ 


Research Organization, Coal Research Section, New 
South Wales, for assistance in nomenclature. 


A. R. H. MARTIN 


Botany School, 
University of Sydney. 
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Cell Wall Formation in Spores of the Fungus : 
Allomyces 


In attempts to elucidate the details of plait coll 
wall formation, it is;obvious that certain types of 
cells may be more useful than others. The investi- 
gation of cells which begin their existence devoid. of a 
wall but which acquire one later may possibly show 
structural features uncomplicated by the cumulative 
effects of growth and differentiation. T has been - 
shown by Nicolai, who investigated celle wall | 
formation in the green alga, Chaetomorpha, that 
spores of lower plants can fulfil the special require- 
ments for investigations of this kind. She observed 
that the motile reproductive cells of this alga were 
able to form a well-defined cell wall within. 24 hr. 
after cessation of se lee Punib maoro. sha. i 


























96 





Fig. 1. Electron mier 


ph of a portion of the cell wall of a 
24-hr. ‘sporeling’, 


(Shadowed with platinum. x 36,000) 


were detected by electron mieroscopy and X-ray 
analyses. 

We thought it would be of interest to examine a 
similar situation in fungi. For this purpose, zoospores 
of Allomyces were used. These uniflagellate spores 
are considered to be without cell walls at the time of 
their formation and liberation from sporangia*. At 
this stage they are quite fragile and it has not been 
possible, thus far, to obtain preparations showing the 
structure of the surface of motile spores. Within 24 
hr., however, observations in a light microscope show 
_ that a cell wall is present. We have made a prelimin- 
ary electron microscopic study of the walls of these 
24-hr. old ‘sporelings’. They have been found to 
contain microfibrils in random arrangement, embedded 
in amorphous material (Fig. 1). By collecting a 
large number of zoospores and suspending them in a 
dilute nutrient medium for 24 hr., enough material 


- 





da Ti 
Fig. 2. ny powder diagrams of purified chitin from walls of 
mature he (left), and partially purified wall material from 


‘sporelings’ (right) 
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was Obtained for an X-ray analysis. Fig. 2 shows a 
comparison between X-ray powder diagrams of 
purified wall material from mature hyphae and 
partially purified material from ‘sporelings’. Major 
reflexions attributable to chitin are present in both 
casos. 

Thus it is clear that, at a very early stage in 
development, the structural component of the cell 
wall of this fungus consists mainly of chitin micro- 
fibrils as has been found to be the case with the walls 
of mature hyphx*. In so far as this investigation 
goes, it offers no evidence for an earlier suggestion 
that chitin isnot the principal constituent of the walls 
during early stages of growth*: It seems, however, 
that the chitin is not as highly crystalline as that 
found later in mature hyphz. 

No attempt has been made to observe ontogenetic 
changes in wall structure from earlier stages or from 
the 24-hr. stage onward, and the precise time of 
formation of the first chitin microfibrils is unknown. 

This work constitutes part of a programme sup- 
ported, in part, by a postdoctoral researgh fellowship 
and supply grants awarded to one of us (J. M. A.) by 
the U.S. National Institutes of Health, Department 
of Health, Education and Welfare. 
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Biophysics Sub-Department, 
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The University, 
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ENTOMOLOGY 


Mechanisms of Resistance of the Adult 
_Housefly (Musca domestica) to ‘Cyclodiene’ 
Insecticides 


EXPERIMENTS have been conducted with isodrin 
and endrin labelled with carbon-14 in the terminal 
unchlorinated ring! and with aldrin and dieldrin 
labelled in the chlorinated ring (from the Radio- 
chemical Centre, Amersham). Adult insects used 
were of a susceptible strain (S) and dieldrin-resistant 
strains (R,) and (R,). R, arose from the S-strain 
by exposure of the larve to dieldrin and R, from R, 
by removal] of the dieldrin pressure after 19 genera- 
tions*. 

Topically applied isodrin and endrin are less toxic 
than aldrin and dieldrin to S-flies*, but the converse 
is true for the resistant strains described. Thus, in a 
10 hr. observation (female flies without’ food or 
water), 20 ugm. aldrin topically applied in acetone 
did not affect J?,-flies but with isodrin the KD50 
was about 3-0 ugm. R,-flies were less resistant to 
aldrin and the K.D50 for isodrin was about 1-0 ugm. 
It was of interest to compare the behaviour of these 
compounds in the three strains. 

The radioactive insecticides were applied topically 
in 2 ul. acetone to the dorsal thorax of adult females 
in groups of 10-25 while under mild cyclo-propane 
anzsthesia and kept in fresh Sis at 25° without food 





: ‘The method of confinement and subsequent 
serene techniques were these described previously*. 

_ The results. of experiments in which 2 pgm. of 
aldrin or isodrin were applied are given graphically 
cim Fig. 1, which shows internal behaviour of the 
4 insecticidés. Total recoveries were 75-85 per cent, 
A ra anba, 









aina; but greater i in the Rat stra 

‘ is similars in both R-s 
wn). Dieldrin ae into 
he same rate and faster than 
ii í on is slower into R,-flies, possibly 
~ due to the presence of inbred dieldrin in their tissues. 
_ The 2-ugm. dose of isodrin causes knock-down in the 
_ &,strain after 6-7 hr., but the penetration pattern 









is similar to that of aldrin; there was increased 


recovery of applied material in these experiments. 
- Resistance does not appear to involve penetration 


differences and R-flies can survive with concentrations | 


= öf absorbed insecticide in excess of those which would 

-euse the death of S-flies. 

Metabolism. All strains enzymically converted 
isodrin. and aldrin to the corresponding epoxides 
endrin and dieldrin. Mixtures with the authentic 
epoxides í could not be resolved by paper chromato- 


Py. o» 


Xr rr 





Acetons rinses from live insects following: oppi. i 
~ tion of aldrin or isodrin also contained amounts of 
the corresponding epoxide which increased with time 


Ww Te. not formed either outside or inside heat-killed 

sects,- This suggests that enzymic oxidation may 
cur on or in the insect cuticle. Topically 
dieldrin was recovered from insects ee 














of pa in‘, under 
the conditions of chromategtaf y used, This ketone 
is. Melts) ‘non-toxic when i ey PE to 


: S-fies 





: curves: ‘during the first 
bs 4 1 when there are merkad changes in the con- 
-centrations of aldrin or isodrin in the tissues suggests 
‘that oxidation is independent of precursor concen- 


T teni ion. This might be due to rapid saturation of the 
oes sation site by we e 
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Fig. 1. Internal metabolism of “C-aldrin and “C-isodrin by 


adult g E exposed to a 2 gm, dose. Curves: A, aldrin; 
isodrin ; ‘dieldrin -production; D, endrin production ; : 
P fast ei fraction, O-— 0, S-strain ; AmA, Resirain: 
, #,-strain; @-—@, Sand Ry; A~ A, all strains 


aldrin and its oxidation product or isodrin and its 
oxidation product are present together in the tissues 
at the time of ‘knock-down’. It is therefore difficult 
to decide whether either precursor or product or both 
are responsible for the toxic action. Perry ef als 
noted the latent period between application of 
heptachlor to an S-strain and onset of symptoms 
which is not due to lack of penetration and cites this 
as an indication that death may be due to the action . 


of the epoxide rather than to heptachlor. This is.also,. 
© true of aldrin: However, the reduction product (IT) 


of aldrin, which cannot be oxidized, is still as toxic — 
as chlordane’, which suggests that. the aldrin type of 
molecule has an intri insie toxicity ar R of 
metabolism possibilities. The results in Fig. 1 


Excretion. There was no reliable evidence i in thase 


Groups of insects with ani sealed’, used as controls, 


lost as much radioactive material to the carrying 


papers as did the test’ groups, and analysis. of- this 
material revealed the same pattern. This loss by 
ide 















Pande on the insect cuticle. 
Residual material in tissues. This fraction » Toso to 





for all strains at 8 hr. With isodrin and end irin- there 
was an increase with time in all strains to the same 
level. This fraction was not pulsars by water. 
The rather lower content in the R t strain which 
that it may be unchanged iaseðtioide intimately 
associated with the tissues. | 

These experiments suggest that resistance ' of 
R-flies to dieldrin is not due to lack of cuticular 
penetration, differences in metabolism, or excretion 
of the insecticide. Studies of the aldrin- 
system and the isodrin-endrin system h 





l also 
., Show that resistance is not associated with a lower 
me rate of oxidation in vivo. 

-to about 8-0 per cent of the applied dose (50 per cent 


of the unabsorbed insecticide) after 8 hr. Epoxides — “experiments that radioactive material is excreted. 

























š revealed marked diffarénoes: between S- and R-insects 


within a system, or differences between the systems 


which would explain the differing toxicities to the 

resistant strains. More detailed study of these 
systems may, however, be useful from the mode-of- 
action aspect, since the observations suggest that 


_ physiological factors are involved in the Tesistance 


mechanism. 
_ These experiments are “part of an investigation 
into the mechanism of dieldrin resistance in diptera, 


< v gupported in part by a gent from the World Health 
9 Organization. 
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Effect of Sub-Zero Temperatures on 
Diapause Eggs of Acheta commodus 
(Walk.) 


Ir has come to be accepted that the optimum 
temperature for the removal of diapause varies from 
one insect species to another in a way ‘that is related 
to the temperatures prevailing in the climatic zone 
inhabited by the species concerned. Thus, Danily- 
evaeky! gives a series of instances in which the colder 
the climatic zone of the insect the lower 
optimum temperature for removal of diapause. 

The range of temperatures effective in terminating 
diapause is quite wide and has been shown to extend 
below zero for a number of species. These species are. 
call from cold climates and for most of them a long 


ay periód of exposure to ‘sub-zero temperaturos is 


necessary. For insects generally, it can be said that, 


ae although the range of effective. temperatures may 


extend below zero, the optimum temperature for the 
removal of diapause has been found to he between 
0° and 15° C. It should be pointed out, however, 
that so far as species from temperate climates are 
concemed, very few experiments on the effect of 
sub-zero temperatures on diapause removal have 
been reported. 

Previous work onthe diapause of the common 
field cricket Acheta commodus indicated conformity 
with the above principles. Acheta is found in the 
temperate and sub-tropical regions in eastern Austra- 
lia and has been quoted by Lees? as an example of an 
ĝi warmer environment that requires 
w the termination of diapause. 
- reported that tho range of effective 

nda Tom 8 to 27° C. with an optimum 















In these ` ‘ere imi sta nees it is of interest to report 
. diapause: in: eggs of Acheta can be terminated 
iod-of exposure to sub-zero tem- 


_. peratures. hese experiments diapause was 


oe induced by holding tho: eggs at 23° C. for 14 days. 


‘The period of exposure necessary to terminate it 
< decreased progressively» as the temperature was 
= lowered. ; 






the median duration of exposure was 
epending on the strength of diapause 
komg tested. At —7-2° C. the mean 


is the | 
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value. over a series of tests was 5 hr., while in one test. 
at —16-5° C. a period of only 20 min. was required. 

At the latter temperature a proportion of the eggs 

was killed before the diapause reactions had been 

completed. i 

A further notable effect is that, a any one sub- 


zero temperature, a progressive decline in the per- 


centage hatching occurs if the eggs are held beyond 
the optimum time for the elimination of diapause at 
that temperature. As the period of exposure was. 
increased thé proportion of eggs resuming develop- 
ment decreased to nil. When given the normal 


“incubation, that is, 15 days at 26-7° C., such eggs 


showed no indication of development, and, when 
cleared by a method previously described‘, the 
embryos were found to be still in the diapause stage, 
but were abnormal in appearance. They remained. 
in this condition even with prolonged incubation. It- 
is presumed, therefore, that they were incapable of 
development and that the treatment had been lethal. 

A more detailed description of this work will be 
published elsewhere. 

I wish to acknowledge the capable ‘assistance of 
Miss J. Kenyon in carrying out the experiments. 


T. W. HOGAN 
Plant Research Laboratory, 
Department of Agriculture, 
Melbourne. 


! Danilyevaky, A. S., Bat. Oboz., 30, 194 (1949). 


2 Lees, A. D., “The Physiology of Diapause in Arthropods”, 150 
(Camb. Univ. Press, London, 1955). 


4 Browning, T. O., Aust, J. Sci. Res., B, 5, 344 (1952), 
* Hogan, T. W., Nature, 183, 260 (1959). 


Nervous Control of Movements in the 
Foregut of Schistocerca gregaria Forsk. 


OBSERVATIONS on the nervous control of movement 


‘in the foregut of insects ‘were first made by Marchal}, 
“who showed that in Dytiscus marginalis L. swallowing 


movements were abolished by the removal of the 
frontal ganglion.. Yeager’, in Periplaneta fuliginosa 
Serv., and Chauvin’, in P. americana L., showed that 
the movements of the crop were independent of the 
intact nervous system. Further, Chauvin found that 
in P. americana L. the movements of the gizzard: 


“were dependent upon the presence of an intact 


nervous system ; but in Locusta migratoria L. move- 
ments occurred in the whole isolated gut and were 
unaffected by agents such as acetylcholine and 
eserine. In general, movements of the gut are thought 
to be influenced by the ganglia of the visceral nervous 
system; but, with the exception of the work of 
Marchal, this does not appear to have been actually 
demonstrated in any insect. Arising from work still 
in progress upon the movements of the gut of 
Schistocerca gregaria Forsk., evidence presented in. 
this communication was obtained of the visceral 
nervous control of some of the movements of the 
gut. 

Preliminary investigations showed that a constant 
and repeatable pattern of gut movements could be- 
obtained by starving the locusts for 160-170 hr. at- 
28°C. and 70 per cent relative humidity prior to 
the observation. All records refer to male adult 
locusts which had been pretreated in this manner. 
The whole gut, together with the brain, sub-ceso- 
phageal ganglion and intact visceral nervous system, 
was dissected out and placed in saline in: a water- 
bath at 33°C. Several salinos made to different’ 













nulw were tried, but only that of Griffiths! gave 
satisfactory results and was used throughout these 
xperiments: To avoid the anwzsthesia which results 
om immersing the whole insect in saline and to 
revent the preparation drying out during the 
issection, the hemoccele was. irrigated with saline 
iately after the first incision had been made 
il the completion of these preliminary stages. _ 

ecords of gut movements were made by arranging 
gut so that the posterior end was fixed and the 
ior end fastened by a hook to a light balsa wood 





um. The gut was immersed in Griffiths- 
33°C. through which a slow stream of 
riment, after normal contractions had 

or a minimum time of 20 min., the 
reparation was removed from the water-bath, 
placed under a binocular dissecting microscope and 













the appropriate operation performed. During this. 


‘procedure care was taken to avoid changes in tem- 
perature. The operated specimen was then returned 


to the water-bath and its contraction recorded for 


a further period of at least 20 min. This process 
Was repeated when further operations were per- 
formed upon the same specimen, in all cases care 
being taken to interfere with the preparation as little 
-as possible. 

The following operations were performed, results 
of which are shown in the accompanying figures 


+ 


= (1) The brain and sub-œsophageal ganglion were | 
removed by cutting through the cireumcesophageal a 
connectives and freeing these ganglia from the other 


_ tissues and the visceral nervous system. In all cases 
_ this operation was without effect upon the movements 
of the gut (Fig. la). 

(2) The hypocerebral ganglion only was removed, 


by cutting through the inner and outer œsophageal.. 


perves and the recurrent nerve... This changed the 


appreciably slowing the relaxation which followed 
each major contraction (Fig. 1b). The smaller con- 
_tractions and relaxations which come between the 
major ones do not appear to be affected by this 
operation, ; 








i Rect matenee HS fret pe me a a 


. 1. Tracings of smoked drum records of gut movements of 
islocerca gregaria. The break in the tracing represents the 
mentat which the operation was performed. Time-scale shows 
inute intervals; the break represents a 5-min, interval, a, Re- 
20val of the brain and sub-cwsophageal ganglion ; ð, removal of 

ocerebral ganglion; e, severance of the outer cesophageal 

ooo Berve: d, severance of the ventricular nerv 


Aige 
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tensioned by a weak spring and writing on a © 


autonomous in its effects. 


‘negative results obtained after severing the outer, | 
. eegophageal nerves show that this is not mediated _ 


operates, therefore, either 


99 





(3) The outer cesophageal nerves only were cut at 
a point approximately midway between the hypo- 
cerebral and ventricular ganglia. This operation. had 
no effect upon the movements of the gut (Fig. lc). 

(4) The whole of the nervous system was intact 
and only the nerves arising from the ventricular 
ganglion and going to the gut were cut. This resulted 
in a complete cessation of the movements of the gut 
which lasted for some time, but eventually small 
infrequent movements appeared in the record 


(Fig. 1d). 


As a result of these experiments the nervous 
control of gut movement may be interpreted as 
follows. The ventricular 


has an effect upon the movements of the gut: 


through the ventricular ganglion. It presumably 
through the inner ceso- 
phageal nerves or through the recurrent nerve, and 
it influences the rate of relaxation of the gut muscula- 
ture. The removal of the brain and subcesophageal 
ganglion was without effect upon the gut movements 
and therefore presumably plays no part in their. 
control. This agrees with the observations of Chauvin? - 
in Locusta migratoria- L. 

The certain identification of precisely which move- 
ments of the gut were producing which records on 


_ the smoked drum is still in progress. The movements 
-observed here can almost certainly be attributed to 


the foregut, since visual observations show a co- 
relation between these records and movements of the 
foregut. Further, the results of the above experi- 


„ments on the visceral nervous system which imer- = 


nerves a 16: recy n _ Vates the foregut are in accordance with this view. 
normal pattern of contraction: and relaxation by 3 : 


K. U. CLAREE 
oN H. GRENVILLE 
Department of Zoology — 
University of Nottingham. 
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Environmental Determination of Sex 
in a Parthenogenetic Parasite 


In the Hymenoptera, the great majority of species 
reproduce by arrenotoky, fertilized. eggs giving rise 
to females and unfertilized eggs tö males, but some 
species reproduce by thelytoko parthenogenesis, 
the females arising from unfertilized eggs. In thelyto-. 
kous species, it is not unusual for occasional males to- 
occur. S AGRE i 
Ooencyrius submetallicus (Howard) (Encyrtidae), 
which is such a thelytokous species; is an egg-parasite 
of Nezara viridula (L.) (Pentatomidae). The males, 
which have no reproductive: funetion,. usually form 
less than 1 per cent of the adults. Individuals oecur— 
normally very rarely—-which are basically female but. _ 
possess male areas of variable extent in the anterior ` 












ganglion plays a major = = 

part in the control of gut movement and, in thig oe 

respect, since movements continue normally when. 

it is isolated from the rest of the visceral system, itig 00 
The hypocerebral ganglion © 















and “85° is critical for sex determination. 





















u Sex in O. submetallicus is dependent on temperature, 
: : ) At 84° 


aje 


C. cat 85°, lines cease in 2-5 generations with the sole 


production of males and gynandromorphs ; and at 
86° or higher, lines cease’in the second generation 


Sex is determined by the temperature to which the 
parent is subjected prior to deposition of the eggs 


a > concerned : it is not affected by the temperatures to 
_ which the deposited eggs.are subjected. The period 
© of parental life in which exposure to temperature 

` «determines sex of progeny includes the developmental 


period prior to emergence and the oviposition pariod 





ne temperature experienced. by the parent after emer- 


» gence, There is a time-lag between an alteration in. 
-> the temperature to which a parent is exposed and the 


- gonsequent change in the sex of the progeny deposited. 
Tha rapidity of the change differs according to 





me _ whether the alteration is from female-producing to 
~male-producing temperatures, or vice versa. It 
appears that male-producing temperatures in the 


developmental period of the parent produce more 
profound or persistent effects on the sex of progeny 
than do female-produsing temperatures. 

The gynandromorphs arise when a parent is 
exposed, evidently at a eritical stage of egg develop. 


ss ment, first to female-producing and then to males 
: > producing temperatures. Variability in the degree of 


maleness is probably a function of the time in egg 


a . development at which this change takes place. 
_ Ability to reproduce is retained only by gynandro- 
morphs showing slight signs of maleness. 


»  Ebough males are normally rare, and gynandro- 
morphs extremely rare, both can be produced in 


< temperature manipulation. 

The. experimental data, which will be: published 
elsewhere, appear to constitute the first proof of 
temperature determination of sex in any uniparental 
shymenopteran. — — 

ek F. WILSON 

L. T. WooLCoOCK 
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large numbers, or to the exclusion of females, by _ gamn 
coe “sistent survival occurs with male flies at this dosage- 





èë oe 
¢ 
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one generation of selection with heterogeneous 


in, 


discriminating dosages, established in the course of 


genetical experiments on the inheritance of resist: 
in this blowfly’. a. 2 cc 

The selection procedure, employed during the past: 
year, is as follows: Flies from heterogeneous strains 
are allowed to emerge from batches of pupæ on the 
first day into colony cages, after which the larger 
unhatched pups are isolated. Female flies mainly 
hatch from the segregated pupz on the gecond day 
and are supplied with sugar, water and sliced liver. 

When the male flies of the first day hatching are 


.. approximately 12 hr. old, the ħigh male discrimin- 
| ating dose (2 ugm. of ‘Dieldrin’ per fly) is applied 
“and surviving males at the conclusion ef the holding 


period of 24 hr. are mated to the virgin female flies, 


= which have hatched overnight. The female high 


discriminating dose (4 ugm. of ‘Dieldrin” per fly) is 
applied to the female flies, 3-5 days from emergence. 
Male and female progeny from the selectior tolerate 
their respective high discriminating doses, without 
mortality. 

A further observation has been made in regard to 
this selection procedure with Lucilia cuprina. The 


progeny of parents, found by means of applying the 
“high 


discriminating doses, tolerate significantly 
larger amounts of ‘Dieldrin’ than the parents? Is this 
merely vigour tolerance ? For example, a strain in 
which considerable reversion towards susceptibility 
had oceurred by the tenth generation contained no 
mile or female flies able to tolerate 10 tigm. of ‘Diel- 
drin’ per fly. Five female and three male fliés from 
this reverted strain, survived their respective high 
discriminating doses. The male and female progeny 
from the parents not only tolerated the high dis- 
criminating dosages of 2 and 4 ugm. of ‘Dieldrin’ per 
fly, respectively, with complete survival, but, in 
addition, female flies were able to withstand 10 ugm. 
of *Dieldrin’ per fly, again with nil mortality.” Incon- 


level following.a single generation selection, but 50- 
75 per cent survival often results with male flies. 

A full account. of both observations in connexion 
with the development of high-order resistance to 
‘Dieldrin’ in Inetlia cuprina will be published else- 
where in conjunction with reversion data on selected 
strains. 
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han acement of Staphylococcal Virulence 
for Mice by Intraperitoneal Cortisone 
„Acetate, Cholesterol and Lecithin 


intraperitoneal. administration of ¿bile salts 
of certain surfactants, followed by an ordinarily 
m-lethal inocuhim of micro-organisms belonging to 
number of different species, results in. marked 
ancement.of the virulence of the latter for mice as 
sted by a high incidence of fatal bacteremia 
n A similar capability of enhance- 
ane: on the part of intraperitoneally 
inistered cortisone acetate, cholesterol or lecithin 
ath Staphylococcus a aureus is reported in this com- 
munication.” R 
:Cortisone acetate suspension (Merck), 50 mgm./ml., 





as well as its vehicles a saline solution containing ie: 
-uspending agents and 0-9 per cent benzyl alcohol, _ 


were obtained from commercial sources. Cholesterol 
Fisher), 2-5 per cent; was prepared by suspending 
he amount--indicated: in distilled water, autoclaving 
at 15 1b. for.15 min., homogenizing in sterilized con- 
ditions in a Waring blendor to break up particles, 
after which the suspension, because of its settling 
vendency, was vigorously shaken immediately prior 
-o each injection. Lecithin (Pfanstiehl), 2-5 per cent, 
avas wet ground with a small amount of distilled 
avater, brought to final volume with the same diluent 
mand autoclaved. 5 per cent gastric mucin (Type 
1701, Wilson) was prepared according to Miller’. 
” Staphylococcus aureus strains were coagulase positive, 
mæmolytie and fermented mannitol. The aboveadjuv- 
ants were injected pep ney in the amount 
indicated followed by 0-25 ml. of an 18-hr. culture of 
she staphylococci in trypticase soy broth at 37°C. 
¢nto groups.of 10 albino male Swiss mice weighing 
15-20 gm. Deaths occurring within 48 hr. were noted. 
Post-mortem heart-blood cultures were streaked 
pro omptly upon expiration if death occurred during 
he day, and early morning if the animals died during 
the night, upon plates containing 1 part homogenized 
milk and 2 parts trypticase soy agar, which greatly 
favours pigment production by staphylococci, and 
Positive results were tabulated. > 
The number of fatal bactersemias. produced within 








gm. -of each adjuvant under test and with 0:5 
‘gastric mucin 5 per cent, for comparison, is noted 
Tabl 1. Adjuvants by themselves all failed to 
} any mortality in preliminary toxicity tests. 
More. than 90 per cent of the mice that died suc- 
7 bed. within 24 hr. As may be observed from 







table pi “Mouse r Monaurey/ 10 AND POSITIVE POST-MORTEM HEARD- 
BLoop CULTURES ELICITED BY VARIOUS INTRAPERITONRAL ADJUVANTS 
witd Staphylococeua aureus TRST STRAINS 






















9 (5) 
9 (6) 8 (7) 










a TRR Dose | S. gure eus: ' 8. aureus | S. aureus 
djuvant (ml.) | strain 4 | strain | strain C 
ysiological saline | 0-5 0 10| 0 
atric mucin,.5 pe 
cent oo O, 0-5 10 (9) 10 (8) 8 (5) 
oftisone acetate sus- 
solution 0-5 0 0 0 | 
bs one acetate 
| 60 mgm Jml, 05 | 10 () 10 (8) 9 (8) | 
. “Cholesterol, 2 ¿per | 
3 Ss, 10 , 9 (7) 9 (7) 


j of post-mortem heart-blood cultures positive for Staphylococcus 
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Table 2. DAILY MOUSE MORTALITY ELICITED WITH INTRAMUSCULAR - 
CORTISONE ACETATE FOLLOWED BY Staphylococcus aureus STRAIN A 
OR PHYSIOLOGICAL SALINE, INTRAPERITONEALLY 





i 



































“Ey, i oe? i 
Intra- | 2 | 
muscular Intra- | Time of Mortality* | 
cortisone | peritoneal intraperitoneal Day l | 
acetate oa injection 123456789 
i emo | (0°25 ml 3 
manan a E M ata | 
4 Physiological ig . i 
saline Stat 900130010} 
D. aureus i 
strain A Stat ° 00001 3230 
i 25 S, aureus 24-hr post-intra- |. 
strain A muscular | 
cortisone 000013030] 
x | Physiological | Following: final 
dally for! saline | intramuscular | 
2 days cortisone 06103162 0 
5-3 x | S. aureus Following final | 
dally for, strain A intramuscular 
2 days cortisone 002023010; 





* 10 mates p each group, 


‘ae © aid of each adjuvant under 
consideration whereas a similar intraperitoneal 
injection of staphylococci without their use proved 
inhocuous. The effect of cortisone acetate suspension 





- cannot be attributed to its suspending agent since the 


latter, alone, failed to elicit any mortality. 
Cortisone is known to exert a profound systemic 


action wherein the resistance of laboratory animals... : 


is depressed to a wide variety of bacterial, viral, 
protozoal and fungal-agents. It was of interest to 


- ascertain whether or not the enhancement observed 
-above might not be attributable to this generalized 


effect. The corticosteroid was therefore administered 
extraperitoneally via,.the intramuscular route in 
equivalent doses at varying periods prior to the intra- 
peritoneal injection of bacteria or of physiological 
saline, both in one single dose.and in a 2.day course 
of 3 injections daily. When the preparatory cortisone 
injection was administered by the extraperitoneal 
route no deaths occurred. within 48 hr. after the 
intraperitoneal injection’ of the micro-organisms 
(Table 2). 
and were the result, of the toxic effect. of large doses 
of cortisone, possibly by activation of latent-intrinsic 


infections, since the number of deaths and the times 

of their occurrence were essentially the same regardless | 
of whether bacteria had been injected. It is therefore 
48 hr. by the three test staphylococcal strains with 25. 
mi. 


concluded that enhancement of staphylococcal viru- 


“lence for mice by intraperitoneally administered 


cortisone acetate is by virtue of its local rather than 
general effect. 

No common property © or factor is widens between 
gastric mucin, the most thoroughly investigated 
of the infection promotion substances. reviewed by 










reported upon by us that might a i 
virulence-enhancing capability with t h 
exception of their common ability to lower surfat 
tension significantly. The exact mechanism whereby 
mucin exerts its effect has not been completely 
established. Although it may exert a growth stim 
latory effect under certain conditions®,¢, weight o 
eden would seem to-indicate t ; 











ism by eero with PNE i ntraphago- 
ae ee and the Pectore action of LS 





action, may similarly praise: e i Pe 


jected micro-organisms from the defence reaction of 


: l,a high incidence of fatalities with septicemia ee 
was achieved with, the 


Those deaths that did. occur came later. 


t its action is — 




















105 ed are all see of lowormig Por aos tension, 






A iynes/om. respec ly with the Fisher Aie 
pe pombe bral at 25° as compared to 75-7 for physio- 
logical saline. Capability of lowering surface tension 
a per. se may not, however, ‘be the only determinant 
“since “Tween 80’, even though it lowers -surface 
tension’ considerably, ès incapable of enhancing 
C bacterial virulence for micet. 
~o Other factors’ of possible contributory PE 
=o are ehemical composition, viscosity and physical 
.. state. The effective adjuvants are of varied chemical 
composition. Gastric mucin is a mucopolysaccharide 
or glucoprotein. Surfactants are chemically diverse ; 
the anionic detergents include sulphated alcohols, 
oe paraffin, alkylaryl and petroleum sulphonates, where- 

as non-ionic detergents consist of polyesters. ‘and 

- ethers formed as condensation products from fatty 

acids, alcohols and phenols. 


palmitic and oleic acids linked to the choline ester of 
phosphoric acid. Bile salts, cortisone acetate and 
-o eholesterol arë all steroids.characterized by the,cyclo- 
=o penteno perhydrophenanthrene nucleus. As for vis- 
` eosity, only gastric mucin of the above is significantly 
viscous, its. relative viscosity bemg 2:5, as com- 
- “pared to the others, the relative viscosities of which 
measure approximately 1-0, as computed by determ- 
ining efflux time from a calibrated. tube of uniform 
bore at constant. temperature. 
state, while the subject adjuvants of this report and 
gastric mucin are suspensions containing particulate 
matter, bile “salts mixture and the surfactants 
previously found effective form clear solutions. 
Further studies are in progress in an attempt to 
elucidate the mechanism whereby these chemically 
. and physically diverse substances convert ordinarily 
“non-lethal intraperitoneal infections in mice into 
rapidly fatal ones. 

This investigation was supported in part by 
> Research Grant No. E-2687 of the U.S. Public Health 
ee. Service, National Institutes of Health. 
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isolation ofa Phagocytosis-inhibiting 
Substance from Culture Filtrates of an 
Encapsulated Staphylococcus aureus 


~ COAGULASE- negative strains of Staph ylococeus albus 
‘added to suspensions of rabbit polymorphonuclear 








leucocytes in normal rabbit serum are rapidly 
phagocytosed and destroyed ; in contrast, coagulase- 
positive strains of Staphylococcus aureus resist 
ingestion and survive extra-cellularly. The addition 
of anti-serum prepared against heat-killed S. aureus 
resulta in efficient phagocytosis and . intracellular 
killing of the homologous organism’. “The present 
communication describes the isolation ang properas 








7 eh. sate no of a aaun obtained from culture filtrates of. 
as. well as eae mucin in the aa ona i eme 


Lecithin, on the other; 
hand, is a mixture of the diglycerides of stearic, 


Considering physical, 
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encapsulated S. aureus which interferes y 
phagocytosis. | | 

The organism utilized was S. aureus ‘Smith’ (pha 
type 444/42K, hemolytic, coagulase-positive, a | 
mouse virulent), Bacterial cells were removed bi 
centrifugation and filtration from 15 1. of an 18-hm 
culture grown in the medium and apparatus describes: 
by Goebel et al.2. The supernatant fluid was ¢ neni 
trated in vacuo and lyophilized after dials pains 
distilled water. Absolute ethanol was a tO © 
1 per cent solution of the material in aqueous sodiurs 
acetate. A fraction was isolated which was solub? 
in six but insoluble in eight volumes of ethanol. Thi 
fraction was deproteinized by repeatedly extractin,, 
a 0-5 per cent solution in 0-02 M acetate buffer 
pH 5-0, with chloroform—octanol. The lower phas 
was then dialysed against distilled water and lyophil 
ized. 

1 gm. of white amorphous material was obtained 
which had the following physical. and. chemica# 
properties. A 0-5 per cent solutien in. isotoniv 
saline sedimented as a single peak when examined 
in the analytical ultracentrifuge; Sa, = 1-3 Sved 
berg units. An essentially homogeneous boundary 
appeared upon free electrophoresis of a a ‘0 pe 
cent solution in veronal buffer, pH. - Jonie 
strength 0-1; the mobility was — “da x 10° 
cm.*/volt-sec. The nitrogen and phosphorus con 
tents were 7-4 and 0-18 per cent, respectively 
Marked humin production was noted upon heating iw 
dilute mineral acid. Analysis of hydrolysed sample: 
revealed the presence of the following components 
amino-acids—-28-9 per cent (alanine—-9-1 per cent 
glutamic acid—6-7 per cent, lysine—6-6.-per cent 
aspartic acid—-4-8 per cent, glycine—1l-1 per cent 
threonine—0-25 per cent and serine-—0°25 per cent) 
lipid—0-0 per cent; reducing sugar—-15 per cent 
and hexosamine—-12-4 per cent. The remainder œ 
the carbohydrate moiety apparently consisted of ons 
or more non-reducing sugars as yet unidentified 
Neither muramic acid nor sialic acid was demons 
strated. 

The isolated. substance reacted promptly ir 
capillary precipitin tests, with rabbit anti-sera. pre: 
pared against homologous, heat-killed organisms, but 
were not precipitated with normal rabbit serum. The 
end point occurred at a final concentration, of less 
than 0:5 ugm./ml. Ata concentration of 1 .mgm./ml. 
a single band was formed with immune rabbit seruni 
in double diffusion precipitin tests in agar gel. “Poole¢t 
human globulin (16-5 per cent y-globulin) also formed 
a single band in this reaction. Several attempts tc 
stimulate formation of antibodies by injecting the 
compound into experimental animals have thus fas 
been unsuccessful. 

When immune rabbit serum against S. aureus 
‘Smith’ was absorbed with the material at the 
equivalence point, the serum no longer agglutinated 
the bacterial cells. The opsonizing capacity of the 
absorbed serum was then compared with that ol 
unabsorbed immune serum. Rabbit poly rorpho- 
nuclear leucocytes free from erythrocytes and other 
leucocytes were obtained from ghycogen-induced 
peritoneal exudates. Previously described suspending 
media and conditions for performing the phagocytic 
tests were employed'!. Each suspension. containec 
10 per cent fresh normal rabbit serum ‘to provid 
adequate amounts of complement. ee 

Results from a representative experiment are 
prenga Fig. 1. addition of absorbed anti-serurr 
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The fate of S, aureus Smith in suspensions of rabbit 
_ bolymorphonuclear leucocytes 


Mig. 1. 
bd little effect upon..bacterial survival, whereas a 
marked reduction in the number of viable units 
scurred upon addition of even small quantities of 
absorbed immune serum. Enumeration of viable 
potoria in the supernatant fluid following deposition 
the phagocytes by low-speed centrifugation 
wealed. ‘that all the viable staphylococci were 
=e in the extracellular fluid. This observation 
tablished that the effects noted were dependent 
pon. differences:in phagocytosis and not a reflexion 
- intra-leacocytic survival. It was furthermore 
sown that agglutination of bacteria did not play a 
gnificant part in the phagocytosis assay and that 
ae substance itself was not inherently leucotoxic. 
Thus, absorption of immune serum with the purified 
»mpound isolated from the staphylococcal culture 
merate resulted in a loss of both agglutinating and 
jsonizing properties against the homologous organ- 
im. The biological properties and method of isolation 
uggest that the material is loeated.on the bacterial 
arface and is perhaps of capsular nature, Experiments 
re. in progress to determine the complete chemical 
or position of this substance, its occurrence in other 
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a MISCELLANY 
| Arrow Symbol in Biology 


E& great..value of this symbol in representing 
ical reactions has tempted biologists to extend 

r ams and ‘schemes’, to represent other 
iş in principle is far from objectionable : 
: schemes are very helpful and this 
| ‘th; 
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: following meanings, among. others : 





, aureus, and its role in the pathogenesis 








Bu valor aiey 80 many different activities have 


come to be represented by it that it has more than . 


lost in specificity what it has gained in compie TE 


hensiveness. one 
The representation A ->B 





A been used with the 
(1) molecule 4 
is converted to molecule B 


gives of donates entity B ; (3) entity A is converted 


(in various senses) into entity. B; (4) A induces the © ve 
_ formation of B; 


(5) A stimulates or acts on B: 

(6) entity A causes an activity B; re) A moves to 
place B, and even (8) I wish you to transfer your 
attention from item A to item B. When many of 
these occur in a single scheme or diagram the result 
may be as difficult to read as a long-hand text. and 
far less precise and explicit. It can be at least con- 
fusing and at the worst grossly misleading : 
issues even that are nothing mated”, all the more 
insidious because readers are less critical of diagrams 





„and may only half-recognize their own misappre- 
‘hension, 


Indiscriminate lumping of issues that are 
not mated is contrary to good scientific practice and 
inimical to its best. interests. 

Ideally the symbol should undergo ‘adaptive radia- 
tion’ soas to convey the specificity of each significant 
type of activity for which it becomes indispensable. 
In fact, at present the irreducible number of such 


able and useful the. variants of the symbol should 
readily convey their respective meanings and they 
should be easy both to write and to, print. Also as 
far as possible they should evolve naturally and 
spontaneously, and command the general approval 
of usage. A minimum of suggestions therefore should 
be made*at this juncture. 


(1) The type of representation A — B naturally 
will continue to be used for chemical reactions, with 
the usual further conventions for reversible reactions ; 
it is accepted to mean ‘A produces B’, and there 
seems no objection to extending it to entities other 
than molecules, provided that the action i is producing, 
donating, giving, etc. 


(2) Where complete systems of chemical reaptioris 


“are to be represented, and particularly the cyclic 


systems so common in biology, the formulation of 
. a is admirable and has already the sanction 


“of paa usage. The simple scheme S Pa Gs 


(2) entity A produces, 





“holding o 


for example, adate that ao aa zA and c F oP 


interact to give B and D; D then interacts with 
E to give F and to restore C, which continues to 
react cyclically. This also has potentia r 
to other entities. 





(3) The symbol A => B, incorporating the ‘equals’ 


sign, conveniently could express a direct and total 
conversion or transformation of A into B. Chemists 
well might prefer it to the simple arrow to dis- 
tinguish isomeric changes from orthodox reactions, 
but it is for the biologist that the. distinction is 


particularly important. The symbol would represent 





ontogenetic, phylogenetic, seasonal and other trans- 


formations of any entity. The transformations are 
often complex by chemical standards, with much 
renewal of material by metabolic turnover, but in 
biological conceptions a persisting identity of the 
entity is often the main emphasis. 





anh 

















,@ 


Y 


~*~ 


+e 


LA 


’ 


Téh hormone amag e geh m 


P “= 


kd 


ad ka y i è 3 a r ips pi “4 
Y P a: i a Tr d s” -Jp 
104 i | es i "Zi N ATURE April 2. 1960 voL. 186 


(4) The symbolism 4-- usefully could 
represent A moves to B, the dashes pictorially 
oe. the actual steps. It could. cover affine 





tions: A is ted to B, eG. wherever 
hove: ent is impli ° 
(5) he type of < : A A Weti B, where 


B are entities kik than molecules.and not 
of the same kind, as ‘when a 
organ, conveniently could be 
represented by A/™-**B, which pictorially puts A 
into the correct relationship. The existing use of 
this and other symbols in specialist branches of 
chemistry is not likely to cause serious confusion. 


There remain a number of possible simple variants 
of the symbol for other distinct activities. All could 


Apn 


_.be double-headed when required to represent re- 


ne interactions and reversible processes. The 
ractice of writing the names of promoters 
eh a ae tivity over the shaft of an arrow should be 
extended and similarly the names of inhibitors, 
associated with short intercepts across the shaft. A 
convention promotors are placed above a hori- 
zontal, and to the right of a vertical, arrow, and 
inhibitors on the opposite side, also seems reasonable. 
With advantage, authors might accept the conven- 
tions sow axe in introducing new symbols ; 
an ap tly mat relationship will often be covered 
by e symbols or a combination of them, for 
ena A-+B---C: ‘A produces B and 
donates it to ©’. Another convention which seems: 
reasonable is that A, B, etc., must be entities and 
not activities, which are always represented by 
arrows. Thus the representation (6) above, namely, 
‘A causes an activity B’, which might be the con- 


version of C to D, should be written C Bc Dd. 
A. E. NEEDHAM 


ee of Zoology and Comparative Anatomy, 
University Museum, 
Oxford. 


et “ Sie rem ibe oa of Biochemistry”, 2nd ed, (Cam- 


A Simple Method for obtaining 
Perforated Supporting Membranes for 


Electron Microscopy 


SUPPORTING membranes with holes are usually 
used for testing the axial astigmatism of the object- 
ive lens in electron microscopy. In the case of 
specimens which are difficult to focus they facilitate 
the focusing. Supporting membranes with a large 
percentage of open area are of great advantage for 
mounting thin sections, because the gain in contrast is 
considerable’. It applies also to specimens for testing 
the resolving power of the electron microscope or 
high-resolution work, when a very thin film of 
collodion can be mounted on these perforated mem- 
branes*. The holes will then enable not only the 
focusing but also a continuous control of the axial 
astigmatism. Several methods for oe Bera holes 
in supporting membranes have been descri 
Mostly ‘Formvar’ film is used ; but to obtain repro- 
ducible results the methods are relatively complicated. 

We have developed a simple method for obtaining 
holes in collodion films. This method does not differ 
from the others in principle, as it is based on the 
introduction of minute water droplets into the film ; 


> 


». 


_ strip of film with holes is formed. The film 





Fig. 1 
but it does not require any special equipment ar 
makes it possible to prepare the membranes or ne 
very quickly and in a reproducible way. 
A solution of 0-2-0:3 per cent collodion solutia 


with tsoamyl-acetate as solvent filling up about 
half of a small glass vessel is used. A thorough) 


mechanically cleaned microscope slide is dipped int 
the solution and held for about 30 sec. in a vertics 
position above the solution surface. Then the slide 
removed from the vessel and breathed u afte 
some few seconds. Breathing upon the film on tł 
slide may be repeated several times at intervals of 
few seconds as long as the solution is evaporati 
The forming of the film area with holes can be easi 
rv by observing the film, because this area he 
a ‘foggy’ appearance. According to the length am 
intensity of the breathing a narrower or broade 


m th 
slide is easily floated off on to a water £ n ios an 
the areas with holes are transferred to specimen hes 
Before using, the film with holes is stabilized a 
evaporation of carbon or metal. 

The size of the holes depends on the width of th 
‘foggy’ strip. For most purposes a width of abou 
1-5 mm. is suitable. In a narrower strip small hole 
arise ; in broader ones a net is formed. If the are 


with holes is too broad the net is to shrin 
when being floated off. Electron mi phs of hole 
obtained in this way are shown in Fig. 1. 
_ V. DRAHOŠ 
“A, Dirona. 
Laboratory of Electron Optics, ‘ 
Czechoslovak Academy of Sciences, 
Brno. 
Jan. 7. 


i Sjöstrand, F, S., Exp. Cell Res., 10, 657 (1956). 
3 Leeann EA Optik, 11, 397 (1954). 
ra Third Internat. Conf. Electron Micros... , 
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K4 STAFE COLL 
SaL ENCE coL! 


get FOR 


T is fitting that, in what is ly to be his last 
public pronouncement as chairman of Britain’s 
largest limited liability company, Sir Alexander Fleck 
should be identified with an appeal to set up a staff 
college for technical teachers. It was in the evening 
classes of a technical college that, many years ago, 
Fleck began a career as a student chemist which was 
later to take him to fellowship of the Royal Society 
and the chief executive’s position in Imperial Chemi- 
cal Industries, Ltd. 

The idea of a staff college for teachers in tethnical 
institutions in Britain was first mooted by the 
Education’ Committee of the Federation of British 
Industries in 1956. It had grown out of the experience 
of members of the Committee who belonged to large 
industrial undertakings and whose companies had 
found it advantageous to establish a centre where 
they could send senior staff for a short intensive course 
designed to enlarge their personal qualities and 
ability. The idea was taken up afterwards by the 
Special Committee on the Supply and Training of 
Teachers for Technical Colleges appointed by the 
Minister of-Education, of which Sir Willis Jackson 
was chairman, and it was discussed in the Committee’s 
report™. This recommendation was widely supported 
by many authorities, including the Minister of 
Education’s-own Advisory Councils on Education for 
Industry and Commerce, and for the Training and 
Supply of Teachers. The latter Council, at the 
Minister’s request, made a more detailed study of the 
proposal through a new sub-committee, of which Sir 
Willis Jackson was again chairman. 

The place of the staff college as a means of develop- 
ing quality in advanced technical education has been 
well put in a memorandum prepared by this sub- 
committee (not published). At the top level of the 
technical teaching profession there is a need for men 


- with the breadth of outlook, attitude of mind and 


authority required to stimulate up-to-date teaching 
and research work of high standard, to talk with 
conviction to executives of industry and to exert 
an influence on thought and action outside as well 
ag inside the colleges. Existing facilities for teacher 
training, or for keeping teachers in touch with new 
developments by means of short courses, do not 
provide the right kind of experience for senior 
staff; and the normal contacts which a teacher makes 
with local industry through advisory committees, 
and the day-to-day operation of technical courses, 
do not bring him into close enough contact with a 
sufficiently wide range of industry. 

To fill the gap, a national centre is needed where 
carefully selected senior staff from the colleges can 

* Ministry of apse ton. The Bupply and ee of Teachers for 
Technical Colleges: Report of a Special Commi pointed by the 
Minister Pp. stoi Phs 


of Education September 1956. 68. (London: 
H.M. Stationery Office, 1957.) 48. net. 


185 


exchange information, ideas and experience, by 
direct contact and personal discussion, with each 
other and with personnel from industry, the universi- 
ties and associated fields. Experience with staff 
colleges organized by industry has already shown 
that this function can be discharged most effectively 
within small groups workmg in close personal 
association. 

It is not only senior teachers in technical colleges 
who would benefit from the establishment of the 
proposed staff college. Industry would benefit 
indirectly through the improved quality of technical 
education which should result, but could also benefit 
directly through participation in courses by those 
responsible for training schemes in industry or for 
co-operation with technical colleges on research 
projects. 

The staff college envisaged by the Willis Jackson 
sub-committee would be @ small establishment 
providing a series of short courses throughout the 
year under the general supervision of a permanent 
director of studies. The courses would be limited to 
about twenty teachers, together with about half that 
number of individuals -drawn from industry and 
commerce. As there are about 17,000 full-time 
teachers in technical colleges in Britain, thoge selected 
to attend would probably belong to the 3,300 or 
so among that number who are of the grade of 
senior lecturer or higher. Probably not more than 
about 200 teachers a year would pass through the 
college. 

What could such a college achieve ? Its main object 
would be to ensure an adequate supply of key 
personnel for the technical colleges—the future 
principals, heads of departments and other key 
staff. Ultimately, success of the Government’s policy 
for expanding facilities in technical colleges, for 
which the sum so far authorized is about £150 
millions, will depend upon these men. Already 
well-versed in some particular branch of technology, 
good teachers, and experienced administrators, they 
would be given the opportunity of discovering in 
themselves further qualities of leadership and 
authority. 

Such a college would not strictly be regarded as a 
teaching institution. The composition of @ group 
would vary according to the subject of the course. 
There would be no ‘instruction’ in the ordinary sense. 
The participants would jointly study some main 
problem or topic in the field of technology, with 
particular reference to its significance for teaching 
and administration in the technical colleges. The 
members of a group would be their own teachers in a 
co-operative study to which each individual would 
make a reponsible contribution. For this reason, the 
number of the directing staff would be kept as low as 
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possible, but they would have to be of very high 
quality. 

A remarkable and highly commendable feature of 
the way in which the proposal for a staff college has 
developed is that it can truly be called a co-operative 
venture between industry and education. The ides 
originally came from industrial representatives ; it 
was taken up and developed by a committee set up 
by the Ministry of Education. An approach by 
industry was therefore made to the Ministry about 
the way such a college could be financed. The 
Ministry of Education consulted local education 
authorities, and the scheme put forward by Sr 
Alexander Fleck can now command the support 
of industry, central and local government. 

To establish such a college an initial sum of £100,000 
will be required. The annual running cost would be 
about £30,000. Exchanges between Sir Alexander 
Fleck and the Minister of Education have revealed 
that, if industry would find the original £100,000, the 
running costs would largely be met from public 
funds. To keep fees for courses down to a reasonable 
figure, the Ministry itself is prepared to pay an annual 
grant of up to £10,000 to the college. This subvention, 
amounting to about one-third of the running cost, 
should enable the college to offer its facilities for a fee 
of about £75 for a three-week course. For the most 
part these fees will be paid by local education authori- 
ties as the employers of the teachers attending the 
gourse. The remainder would come from fees paid 
by the employers of other participants, inaluding 
industrial and commercial firms. 

In private approaches to some thirty firms, Sir 
Alexander has already been promised £60,000 of the 
capital cost. He, and the industrial sponsors, have 
shown their wisdom by making a public appeal to 
any firms which care to participate. If all the money 
had been collected from a comparatively few large 
firms, the college would have got off to a bad start. 
From the beginning it should be regarded as one in 
which all industrial organizations nm Britain have had 
the opportunity to participate ; it 18 to be hoped that 


*many small firms will contribute. 


It is not only in finance that the proposed college 
can be regarded as a joint enterprise between education 
and industry. Sir David Eccles has discussed the 
proposals in general with the associations of local 
authorities and agreed that, on the governing body, 
there should be equal representation of local authori- 
ties, technical teachers and industry and commerce, 
together with a university representative. What is 
even more noteworthy is that the Minister has already 
asked Sir Alexander to accept the chairmanship of 
this non-existent governing body and that Sir 
Alexander has accepted. 

Apart from the mtrinsic merits of the proposal to 
set up'this staff college, a number of features commend 
themselves. First, it is an excellent example of the 
way m which industry and education should come 
together to promote the development of technological 
education. Secondly, it shows that a Government 
department can act quickly when the right approach 
is made to it by industry. Thirdly, the small group 
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of men, who first put forward the idea some four to 


five years ago and met a stone wall, hard and appar- 
ently unclimbable, may now rejoice that the first 
courses in the new college should take place before 
the end of 1961. There is little doubt that such & 
college will be the centre.of much interest, not least 


among those responsible for the administration of = 
universities. 


ROCKET PROPULSION 


Rocket Propulsion 

By Marcel Barrére, Prof. André Jaumotte, Prof. 
Baudouin Fracsijs de Veubeke and Jean Vanden- 
kerckhove. Pp. xxxi+829. (Amsterdam: Elsevier 
Publishing Company; London: D. Van Nostrand 
Company, Ltd., 1960.) 135s. 


A GOOD book on rocket propulsion, has long been 
awaited, and I received this one withehope. I 
regret to say that my hopes have not been realized, 
and this is all the more disappointing because of the 
standing of the four authors. It-.would have been 
enlightening to know the type of reader whom. the 
authors had in mind when compiling this book. It 
is not satisfactory as a text-book for students, who 
require instruction in basic principles and only 
sufficient technology to, show how principles are 
applied, nor is ıt satisfactory for people actually 
engaged in rocket design and development. In this 
latter respect it is perhaps doubtful whether a good 
book on rocket technology can yet be written because 
the predominantly mulitary application of rockets 
brings ın its train security difficulties. The net result _ 
is that the ‘technology’ which can be, revealed is: - 
either obsolete, or even misleading, and in this 
context it must be realized that something done two 
years ago may be obsolete. 

Reverting to the possibility of regarding this book 
as & basic work for students, it fails in many respects, 
and the text contains much irrelevant matter which 
I found distracting, nay confusing. 

Chapter 1, “Rocket Propulsion Elements”, scarcely 
lives up to ite name. “Specific Impulse”, that all- 
important criterion of rocket performance, receives 
brief mitial mention on p. 33, surrounded by trivia 
on “Useful Power” and “Propulsive Efficiency”. 
Surely the latter part of this chapter headed “Nuclear 
Energy” 18 nothing but misplaced padding, but a 
more serious criticism relates to the section of this 
chapter headed “Conclusion”. A completely unjusti- 
fiable assumption relating & portion of the rocket 
weight to specific impulse is made on p. 52, leading, 
as one might expect, to a completely erroneous con- 
clusion regarding optimum specific impulse : a sad 
beginning to more disappomtments. 

Chapter 2 has the title “Nozzle Theory and Char- 
acteristic Parameters”. Perhaps we can forgive the 
misuse of the word ‘parameter’, which occurs fre- 
quently throughout the book, but this chapter occupies 
71 pages, yet the authors state in their second para- 
graph, “Whilst refraining from going into detailed 
theory of nozzles, we shail summarize the principal 
relationships needed for our purpose”. Certainly they 
refrain from devoting just one page to derive the 
expression : 
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where A is the cross-sectional area of the nozzle ; 
v is the corresponding velocity of the gases m the 
nozzle ; æ is the local velocity of sound, from which 
_ the convergent~divergent nozzle ‘emerges’. Its intro- 
duction might have saved the authors twenty pages 
of print and given the reader a true appreciation of 
the Laval nozzle. ; 

So the text goes on for a total of 811 pages with 
much that is of little positive value. Very few of the 
basic conclusions are derived, and on many occasions 
important statements are made for which one would 
rightly expect some proof. But, no. Surely one 1s 
justified in expecting a short proof that if n is the 
index of the burning pressure, governing the burning- 
rate of solid propellents, equilibrium can be estab- 
lished only if n is less than unity. Incidentally, on 
p. 240 one reads that if n is greater than unity an 
explosion will occur. In fact, if n is equal to unity 
an explosion will occur—a slight but most important 
difference. Erosive burning is referred to on pp. 201 
and 202 and again on pp. 259 and 260, and the two 
references* show little connexion with each other. 
Why could not the authors deal with ıt once, and 
once only ? 

Many examples of wrong statements may be 
quoted and one or two will be sufficient to indicate 
the worries created in my mind. On p. 317 we find 
“The nozzle weight is found to be approximately 
proportional to total impulse”. This 1s just not true, 
and there is no reason why ıt should be. Yet again, 
in section 7.2.5, “Geometry of the Combustion 
Chamber”, one reads that there are ‘trends’ in com- 
bustion chamber shape and infers that they are 
subjected to the same whims of fashion as ladies’ 
waists and hem-lines. If this were true, why did the 
authors ‘devote 100 pages and more in Chapter 7 to 
the problems of liquid-propellent rocket combustion 
chambers and another 60 pages in chapter 10 to 
combustion instability ? Yet, throughout, the 
authors make implicit assumptions on chamber 
shape. On p. 468 we read that “the Mach number 
in the chamber is low, being of the order of 0-1, we 
can neglect ita infiuence”. Thus, whether the authors 
realized it or not, they are implying that the ratio : 


combustion chamber cross-sectional area 


nozzle throat area 


is greater than 5:1. To say the least, this is at 
variance with earlier remarks on ‘trends’. 

Occasionally we get glimpses of the true position 
in rocket research and development as in paragraph 
10.4 on p. 707. “A change in the scale can completely 
alter the stability conditions of the power plant, and 
it is difficult to predict the operating stability of a 
large rocket on the basis of experimental results 
obtained on small-scale models.” I certainly accept 
this as true and regard it as an incentive to do some 
basic work to rectify the position. The book takes 
50 pages to say the same thing. 

To anyone diligent enough to pursue some of the 
numerous references given at the end of each chapter 
there is a more enlightened story awaitmg them. It 
is noteworthy that most of these references refer to 
American documents, and the authors can scarcaly be 
blamed for the paucity of references to British 
work. 

After ‘scanning’ this book, I am a sadder, but no 
wiser, man. 

J. E. P. DUNNING 
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NEUTRON PHYSICS 


Introduction to Neutron Physics 
By L. F. Curtiss. (Van Nostrand Nuclear Science 


Series.) Pp. xi+380. (Princeton, N.J.: D. Van 
Nostrand Company, Inc.; London: D. Van Nos- 
j 


trand Company, Ltd., 1959.) 73s. i 


HERE is now an extensive hterature on neutron 

interactions and on,the techniques used in their 
study. A student starting work in this field is fre- 
quently confused by the proliferation of original 
papers, and needs a text-book which will give him a 
grounding in this subject of neutron physics. It 1s the 
aim of Dr. Curtiss’s book to do just this ; and on the 
whole it succeeds, 

The emphasis of the book is on experimentally 
demonstrated facts and widely used techniques. The 
level of presentation is fairly elementary, but the 
book is easy to read and the style is clear and flowing. 
A student should have no difficulty in mastering the 
text and doing the problems which are found at the 
ends of the chapters. There is & lot of simple details 
which will help to give the student a ‘feel’ for this 
subject, but there is little critical discussion which 
would lead the student into the more complex parts 
of neutron physics. 

In writing a book of this type it is often difficult 
to keep it up to date. This review will appear some 
eighteen months after the author wrote his preface, 
but from an examination of the text and the references 
it seems that the literature is covered up to 1956 only, 
so that the book is effectively four years old already. 
Of course all authors and publishers are familiar with 
this problem, and to counteract ıt some type of 
general bibliography covering the last few years 
might well have been included during the final 
preparation. In spite of this defect, this book covers 
all the groundwork of its subject. 

Although most branches of neutron physics receive 
attention, there are occasional lapses. For example, 
the Imear electron accelerator is not mentioned in the 
discussion of pulsed neutron sources; and inelastic 
scattering of thermal neutrons is entirely omitted. 
In discussing thermal neutron interactions Dr. 
Curtiss uses the term ‘diffuse’ cross-section in place 
of the now almost universally used term ‘incoherent’ 
cross-section, which may confuse some of hbis readers. 

Nevertheless this book will command a wide 
audience and will be found both necessary and 
useful in many laboratories. The presentation is 
good, the diagrams are clear and there are very few 
misprints. The author and the publishers are to be 
congratulated on the result of their labours. 

P. A. EGELSTAFF 


INSECT PHOTOGRAPHY 


Les Plus Beaux Insectes 
Textes de A. Villiers. (Collection ‘Nature et Beauté’’.} 
Pp. 96 (154 illustrations). (Paris : Larousse, 1958.) n.p. 


HIS quarto volume is one of the Larousse series 

“Nature et Beauté”, and is primarily an atlas of 
more than one hundred and fifty photographs of 
insects. These are from a variety of sources, some 
showing insects in natural, or quasi-natural settings, 
others from pinned and set specimens, formally 
arranged into a plate. Twenty-four full-page plates 
are in colour, printed on an art paper with a lustre 
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surface which is. pleasant to the touch, and which 
displays the colours well, without any troublesome 
reflexions. 

The reproduction of colours is good for the browns 
and yellows. The Orthoptera in Figs. 3la, 316 and 
the Hymenoptera in Figs. 63a, 63b are full of life, as 
well as structural detail. The reds are much less 
atrident than in some French colour-plates of insects. 
Least successful colours are the pastel blues and 
greens, so that Agrion splendens belies its name in 
Fig. 7, and the lonz-horned grasshopper in Fig. 26 
has a ghostly appearance. Dafinition and repro- 
duction of detail are excellent in nearly all plates, 
black-and-white as well as colour. 

The captions usually give the natural size of the 
insect, but it is to be regretted that quite a number 
of them wrongly idontify the insects shown. Some- 
times the whole caption is inappropriate, as if 
another photograph had been substituted for the 
original. Figs. 44a, b, o have clearly been re-arranged 
for artistic’ effect, leaving each of them with the 
wrong caption. This trouble ssem3 to apply partiou- 
larly to the Diptera, and it is unfortunate that the 
very first page of text is accompanied by a large head 
of a female Tabanus labelled “Gasterophilus equi”. 

The text is more extensive than in many pictorial 
works of this kind, and is quite detailed enough for 
the general reader. Occasionally it descends to such 
banalities ‘as: “La ponte des Hémiptéres n’est pas 
très originale: ...”, 

Apart from the incorrect captions, this is altogether 
& pleasant work to possess. Since no price is quoted it 
cannot be said whether or not it is good value for 
money. H. OLDROYD 


MEYRICK’S MICROLEPIDOPTERA 


Catalogue of the Type Speclmens of Microlepi- 
doptera in the British Museum (Natural History) 
described by Edward Meyrick 

By J. F. Gates Clarke. Vol. 8: Tortricidae ; Olethre- 

utidae ; Noctuidae. Pp. iv+600. (London: British 

Musoum (Natural History), 1958.) 120s. 


HIS, the third volume of a planned series of six 

or seven, is the sscond of those devoted to illus- 
tratmg the type-specimens of species described by 
Meyrick. It deals with some 380 species of Tortricids, 
and 567 of Olethreutidew, while the inclusion of a 
single noctuid results from an original misidentifi- 
cation at family level. A prefatory note states that 
several old names of long-standing use have been 
dropped. As a result of this and other redispositions 
new combinations abound, notably in Acleris, 
Archips and Olethreutes. It is explicitly stated, 
however; that the new combinations do not neces- 
sarily represent a definitive evaluation ; but there is 
no indication which combinations have such pro- 
visional status. 

In each family the arrangement is alphabetical, 
both for genera and species, with cross-references to 
specific synonymy but not to intergeneric transfers. 
The latter omission is apt to occasion the reader a 
long search if he should fail to locate a species in its 
customary genus. The text referring to each species 
gives the original bibliographical reference, and the 
wing-span and locality of capture of the type, the 
number and sexes of the original series, an, indication 
or designation of the type specimen, and an explana- 
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tion of the accompanying illustrations. Comment is 
sparse and usually restricted to correction of errors or 
clarification of obscurities. The 298 plates illustrate 
photographically the fore- and hind-wing of each 
species, the genitalia of most and the labial palpi of 
some. Where the type is the basis of a genus, a line 
illustration of the wing venation is also' given. 

The task of presenting taxonomically significant 
data by means of photographs has been successfully 
accomplished (though some of the genitalic photo- 
graphs are barely free from ambiguity) and the 
uniform arrangement of the illustrations makes the 
plates satiafying as well as informative. So far aa 
possible, the illustrations have been arranged to face 
the text to which they refer, a real convenience 
which justifies an occasional unwelcome displacement 
of species. The volume, like its immediate pre- 
decessor, gives enough data to permit identification 
of almost all the species discussed, and will be a mine 
of source data in revisionary work.’ 

Considered from the point of view of a pioneering 
work in dissemination of critical data on*type speci- 
mens, this series may well form a pattern for later 
catalogues of Lepidoptera; but it is to be feared 
that in comparatively few other groups of insects will 
photographic representation meet the standard of 
illustration required. R. G. FENNAH 


PROBLEMS OF HUMAN FERTILITY 


Modern Sclence and the Human Fertility Problem 
By Richard L. Meier. Pp. xiii -+263. (New York: 
John Wiley and Sons, Ino. ; London; Chapman and 
Hall, Ltd., 1959. Sponsored by the Conservation 
Foundation, New York.) 48s. naet. . ` 


ERE is a book which was badiy needed. It deals 
with one of the most urgent of the many -pro- 

blems facing mankind at the present time—the 
menacing increase in the world population. In an 
early chapter entitled “Equilibrium in Human 
Population”, the author states that “the foreseeable 
limit 1s set by the quantity of energy that is steadily 
reaching us from the Sun’’. It depends also upon an 
estimate of the minimum human (per captia) “‘require- 
ments for energy in efficiently organized civilizations”. 
The present rate of population increase works out at- 
1-6 per cent, and the author estimates that the 
limits of continuous energy supply may be over- 
taxed by a.D. 2100, a date which is only five or six 
generations ahead of us from now. 

Dr. Meier’s review of the situation is the completest 
that I have yet come across. In an early chapter he 
examines the population problem on a miniature 
scale as it exists in the island of Puerto Rico, where 
the general population density now exceeds that of 
any European country. He made a personal study of 
the situation among the poorer families and also 
the attitude of the Puerto Ricans to attempts of the 
authorities to introduce contraceptive measures. He 
describes the unexpected popularity of surgical 
sterilization of overburdened mothers, and the 
reactions of the various religious denominations to 
birth-control] measures in general. Finally he tells us 
that the situation has been prevented from becoming 
critical in Costa Rica by a continuous overflow of the 
population on to the mainland. The author also made 
a similar study of the problem in the over-populated 
island of Mauritius. - 
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Later chapters of his book deal with the future 
measures which will be required for staving off 
disaster, and the discovery of an ideal method of 
contraception is the most pressing need of all. All 
experts on this subject agree that what is required is a 
preparation which can be taken by the mouth and 
which is guaranteed to cause no harm. This pill may 
work in various ways ; by inhibiting ovulation or the 
nidation and the development of the fertilized ovum ; 
or by inhibiting spermatogenesis in the male. But 
there| are other links in the chain of fecundation 
which might be broken artificially and these possi- 
bilities are reviewed by the author in an appendix. 
He rightly deplores the fact that whereas immense 
sums| of money can easily be raised for research on a 
cure for cancer, there is little financial support for 
what is a far more urgent human problem. But Dr. 
Meier does not despair. He believes that the situation 
“is such that we must not reasonably expect to find 
that Ithe first mass manufacture and use of oral 
contraception will come into being before the 1970-75 
period”. . 

Dr. Meier’s book is the completest and the best 
survey of the world population problem which has 
yet appeared, and it is a work which is indispensable 
to everybody who is interested in this all-important 
subject. Kunnert WALKER 


TEXTILE ENGINEERING 


Textile Engineering Processes 

Edited by Prof. A. H. Nissan. Pp. ix+-366. (London : 
Butterworths Scientific Publications; New York: 
Academic Press, Inc., 1959.) 60s.; 9.26 dollars. 


ODERN textile industry is becoming increasingly 
dependent for its future prosperity on the 
recruitment of graduate scientists and engineers, 80 
that it can derive the greatest benefit from modern 
scientific discoveries isi from research and 
development into textile materials and processing. 
Several books are available in which the chemical and 
physical aspects of textiles are discussed, but little 
has been written with the needs of engineers in mind. 
Such a book has become more necessary now that 
the Institution of Mechanical Engineers has created 
an option in textile engineering in the examination 
for the associate membership. 
The present volume is intended to give to engineers 
& concise account of the processes involved in con- 
verting fibres into fabrics, special attention being 
paid to the mechanical aspects of the subject. Diff- 
culties of writing such a work are considerable, 
for the textile industry is divided into many special- 
ized sections. Prof. Nissan has, however, been 
successful in obtaining several collaborators, each of 
whom is a specialist in his own field. It is impossible 
to survey all the important aspects of textiles in the 
space available, and consequently attention has been 
limited to the following topics: physical properties 
of textile fibres, yarns and fabrics ; the principles and 
techniques of yarn and cloth production, including 
knitting; wet finishing, and dyeing and printing 
machinery. Rather more specialized accounts of the 
important topics of drying, humidity control, and 
automatic control complete the volume. Each chapter 
is in effect an essay on a particular aspect of textile 
processing. The various authors appear to have 


interpreted their terms of reference rather differently, 
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but all have given clear and concise accounts of their 
subject. Some have treated topics in a general 
descriptive way while others have chosen to discuss 
specific aspects in greater detail. These differences 
are offset to some extent by the suggestions for 
further reading given at the end of each chapter. 

The book is a welcome addition to the literature on 
textiles. As an introduction to the subject, engineers 
and physicists will find it useful particularly in its 
treatment of yarn and eloth manufacture, while 
those already acquainted with textiles will appreciate 
the parts dealing with more specialized topics. It is 
unfortunate that the book is so expensive; if the 
present trend in the price of text-books continues, 
students will soon be unable to buy them. 

C. S. WHEWELL 


BONDS BETWEEN RUBBER AND 
METAL 


Rubber to Metal Bonding ' 

By Dr. S. Buchan. Second edition, revised. Pp. xiv + 
300 +35 plates. (London: Crosby Lockwood and 
Son, Ltd., 1959.) 428. net. 


HE first edition of Dr. Buchan’s book, published 

m 1948, described the technological situation. as it 
existed after the intense effort of the War. Most of it 
was concerned with the very successful brass plating 
method of achieving bonds between rubber and metal, 
and Buchan’s own work, aimed at understanding the 
mechanism as well as rigidly controlling the product, 
was naturally described in great detail. The evidence 
he presented pointed strongly to a sulphur bond 


between the copper of a-brass and the rubber. A. 


further ten years have passed; but our knowledge 
remains where.it was, and one is led to question the 
usefulness of printing a second edition. True, the 
revision has been thorough, as all chapters bear 
evidence by the addition of more recent information 
from the literature and from the author’s experience 
with the newer chemical bonding agents, but the 
scientific situation remains unaltered and the chapter 
on the nature of the rubber-to-metal bond, although 
rewritten, is weak. 

Technologically, the book is still comprehensive 
end indispensable because it gives practical details, 
formule and, most important, the test results 
obtained. Some processes, such as latex-blood 
albumen, are now obsolete and could have been 
deleted, while the space devoted to the brass-plating 
method, although valuable, would give the newcomer 
& false idea of its present popularity. The reviewer 
knows of no new plants for producing bonded rubbers 
by this method, while some have actually closed down 
or retracted in scale. The new chapters on chemical 
methods added to the second edition do not make 
this point nor do they give any indication of com- 

tive p ing or capital costs. Is it just this 
factor that has told against the brass-plating process ? 

There are a few mmor blemishes for which the 
publisher must be blamed. A large proportion, in 
fact nearly all, of the graphs shown are not profession- 
ally drawn, and the lettering is bad. ‘m.m.’ for ‘mm’ 
is irritating as well as wrong. ‘G.R.S for ‘GR-8° is 
Inelegant and in any event it was superseded during 
1957 by ‘SBR’, which is now universally used as the 
abbreviation for butadiene-styrene rubber. 

W. O. WAKE 
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The Morphology and Anatomy of American Species 
of the Genus Psaronius 

By Jeanne Morgan. (Illinois Biological Monographs, 

No. 27.) Pp. viit108. (Urbana, Il.: University of 

Ilinois Press, 1959.) Paperbound, 3 dollars ; Cloth- 

bound, 4 dollars. 


HE name Psaronius is applied to certam fossil 

tree-fern stems of Permian and Carboniferous 
age. The author in this,monographic treatment of 
the American Psarontt describes three new species of 
Pennsylvanian Age from the United States and 
suggests that there are in all six valid species of the 
genus in America. From a careful study of about 
twenty-three specimens she has been able to allocate 
them to the three new species. There is considerable 
variation among the specimens allocated to any one 
species ; but this variation, which is principally 
manifested in varying complexity in the polycyclic 
stelar anatomy, is due, she assumes, to ontogenetic 
variation such as is found in existing tree-ferns 
where the relatively small and simple stelar arrange- 
ments at the base of the tree formed in its sporeling 
state are succeeded higher up by increasingly complex 
cyclic polystelic arrangement. Some corroborative 
evidence in support of this assumption is obtained 
from specimens in which a considerable length of a 
stem has been found. She gives an account of the 
complex relationship between the several cycles of 
meristeles and the leaf-trace system connected to it. 
She also shows how the phyllotaxy may change 
between the base and upper parts of a stem, new 
orthostichies being intercalated and sometimes a 
spiral phyllotaxy is replaced higher up by a whorled 
arrangement of leaves. In places her descriptions are 
difficult to follow ; a greater use of lettering on the 
diagrams would have helped the reader to follow her 
arguments. She places these fossils in a separate 
natural order, Psaroniaceas, although a good deal 
of evidence supports the view that they are related 
to the Marattiaceae. It is, however, a very useful 
contribution to our knowledge and is well illustrated 
and adequately indexed. JOHN WALTON 


Astronomical Photography at the Telescope 
By Thomas Rackham. Pp. 232-+11 plates. (London : 
Faber and Faber, Ltd., 1959.) 368. net. 


OST popular works on astronomy are ilus- 

trated by a series of impressive photographs 
taken with the world’s largest telescopes. The casual 
reader may therefore get the impression that the 
photographs taken with smaller telescopes of the 
sıze owned by the average amateur astronomer are 
correspondingly poor and uninteresting. However, 
this is not necessarily the case, and in this book Mr. 
Rackham explains to the reader the techniques which 
he hag perfected by many hours at the telescope. 
After clearmg the ground with a lucid account 
of the basic photographic process, he proceeds to 
describe in detail the instruments and accessories 
used-—nearly all capable of construction by the 
intelligent layman. The most common subjects of 
photography for the amateur astronomer are the 
Sun, Moon, Mars, and Jupiter, of which the individual 
difficulties are discussed at length. The photography 
of star fields, either through a telescope or by means 
of an, ordi camera, is not treated so fully ; for this 
the reader is referred to King’s “Manual of Celestial 
Photography”. The chapters on, practical processing 
and darkroom technique should answer all con- 
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oeivable queries, although the professional astro- 
nomer will be surprised to find film almost invariably 
used instead of plates. 

In conclusion, the book can be best summarized in 
the author’s own words—‘The amateur’s work may 
not always be of scientific value... but it will intro- 
duce him to the many wonders of astronomy where 
they are properly to be found-——not in books, but in 
the sky”. " D. H. P. Jones 


Physical Geography 

By Philip Lake. Fourth edition, edited by J. A. 
Steers. Pp. xxviiit+483+25 plates. (Cambridge : 
At the University Press, 1958.) 26s. 


Pa LAKE’S “Physical Geography” was first 
published in 1915 and so quickly established itself 
ag to be reprinted a dozen times before the author’s 
death in 1949. It was in that year that the second 
edition appeared, re-written rather than revised by a 
team of Cambridge geographers under the leadership 
of J. A. Steers. Whether or not one accepts the 
definition of geography as human ecology it will be 
universally agreed that a proper understanding of 
man’s environment demands a knowledge—it may be 
general but must be soundly based—-of the physical 
factors of that environment. The successive editions 
of Lake have sought to incorporate the results of work 
in the now numerous related fields of study. To the. 
old three-fold divimon into the atmosphere, the 
ocean and the land, still preserving such empirical 
chapters as ‘coral reefs’, ‘voleanoes’ and ‘lakes’, have 
been added in this latest edition three more chapters 
on floods and storms—ea by-product of Prof. Steers’s 
special concern with the East Coast floods of 1963— 
on soils by A. T. Grove, which brings in some, but not 
very much ecology, and on marine life by A. J. Lee. 
It has sometimes been said that a student entering 
the Cambridge School of Geography will enjoy 
excellent series of lectures by specialists but will be 
left to discover for himself the integrated whole 
which modern geography should be. Something of 
the same criticiam applies to the latest edition of 
Lake’s “Physical Geography”. 
L. DUDLEY STAMP 


Classification and Indexing in Science 

By B. C. Vickery and D. J. Foskett. Second edition, 
enlarged. Pp. xix+235. (London: Butterworths 
Scientific Publications; New York: Academic 
Press, Inc., 1959.) 30s.; 6 dollars. 


HE second edition of this book has been con- 

siderably expanded without affecting ite character 
as a study of method rather than a manual of classıfi- 
cation and indexing. The first three chapters and 
appendixes are almost unaltered apart from some 
transpositions in the appendix dealing with historical 
aspects and an extended treatment of the Universal 
Decimal Classification. Those .on “Indexing” and on 
“Classification and Mechanical Selection” have been 
transposed: the former now meoludes a brief section 
discussing the indexing of chemical compounds and the 
latter some account of mechanisms used for retrieving 
information and examples of the subject analysis and 
coding used. The bibhographies of these two chapters 
and also of the following chapter “The Future of 
Information Retrieved”, which has been completely 
re-written to take account of developments reported 
to the International Conference on Scientific Inform- 
ation at Washington in November 1958, have been 
expanded. R. BRIGHTMAN 
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THE ROYAL SOCIETY’S EXPEDITION TO HALLEY BAY: DURING 
THE INTERNATIONAL GEOPHYSICAL YEAR 


N February 4 the Royal Society spent a day 

listening to accounts by various members of 
the expedition to Halley Bay of the work done in 
Antarctica by the British team during the Inter- 
national Geophysical Year. 

The discussion was led by Sir Graham Sutton, who 
began. by recalling that although a proposal to mount 
an international expedition to explore the Antarctic 
continent had been made as long ago as 1861, it was 
not until the present céntury that any significant 
progress was made. The initial phase, of wooden 
ships and animal or man-drawn sledges, culminated 
in the large expeditions of 1910-15, and although 
conditions are vastly different to-day, there are still 
hardships and even perils to be faced. The choice of 
a site in the Weddell Sea area was dictated by a 
number of factors; but there is no doubt that, from 
the geophysical aspect, the area is of great interest. 

Mr. J. MacDowall (who was the leader of the 
‘expedition in 1958) opened the discussion with an 
account of the work done in seismology, glaciology 
and meteorology. The observatory was built on a 
floating ice shelf 29 m. above sea-level in latitude 
76° 31’ 8., longitude 26° 37’ W. Considerable micro- 
seismic activity was observed during the summer 
(December—February), especially with on-sh6re winds, 
and he gave examples to show the relation between 
microseisms and wind force. The short-period three- 
component Willmore seismograph used on the floating 
ice shelf was found to detect P-waves at most epi- 
central distances, but S-waves were badly recorded. 
The shelf itself had a yearly addition of about 1 m. of 
snow of mean density 0:36 gm. com., Considerable 
ablation occurred, even in winter, and it is not 
easy to account for this in terms of the energy 
balance. : 

Mr. MacDowall directed attention to the small 
range of monthly mean air-temperature through the 
troposphere compared with the very large difference 
in extremes in the stratosphere, where the records 
indicate a range of 59° C. at the 30-mb. level. Another 
interesting fact is that there is a notable difference 
between. the northern and southern hemispheres in 
the seasonal change in atmospheric ozone. The spectro- 
photometer measurements of the total amount of 
ozone made at Halley Bay during 1956-58 do not 
appear to fit into the hitherto accepted global pattern 
of seasonal and latitudinal variations, and only the 
short-period fluctuations were found to be related to 
upper-air measurements. In south-east England 
both the long- and the short-period variations are 
related. 

Mr. J. M. C. Burton described observations on the 
nature of the ice shelf and drew the conclusion that 
1t is partially grounded to the east-north-east, but 
floating to the south. He suggested that the Dawson 
Lambton glacier should be taken as the true coast- 
line. The Allan MacDonald glacier, which Shackleton, 
reported in 1914 some 30 miles north of the Dawson 
Lambton glacier, was not seen during the two years 
of the- International Geophysical Year, and he 
regarded its existence as doubtful. 


Commenting on these ,contributions, Dr. R. C. 
Sutcliffe dealt with the ozone distribution and sug- 
gested a possible explanation in terms of a thermal 
circulation. Mr. H. H. Lamb continued with an 
analysis of upper-air measurements. He pointed out 
that it is only since 1957 that any general picture of 
stratospheric circulation over the Antarctic can be 
constructed, and of the three years in question, it 
seers fairly certain that 1959 was anomalous in the 
late winter and spring in regard to winds, tem- 
peratures and maximum amounts of ozone in the 
stratosphere. 

Mr. W. H. Bellchambers and Mr. W. R. Piggott 
described the ionospheric measurements. The Halley 
Bay observatory, being near the centre of the Weddell 
Sea geomagnetic anomaly and yet sufficiently outside 
the auroral zone to avoid the effects of minor cor- 
puscular etic or auroral activity, is particularly 
well placed for the study of the electrified part of the 
atmosphere. The main conclusions reached are that 
the F'2-layer variations are dominated by movements 
of ionization (which can also be seen near the max- 
imum of the fl-layer), and that ionization drift 
velocities in the H-region reverse with season and are . 
greater ın winter than summer. ‘The incidence of 
‘spread F° is very anomalous, being essentially a 
magnetically ‘quiet day’ phenomenon. 


In the general discussion, Dr. R. L. Smith-Rose, . . 


after paying tribute to the excellent work done by 
the team, remarked that two features of the results 
were surprising. In the temperate and auroral 
latitudes of the northern hemisphere severe ‘spread 
F’ is closely correlated with magnetic and auroral 
activity and is well known as a precursor to the 
failure of trans-Atlantic radio communication. At 
Halley Bay, on the other hand, it seems to be 
associated with relatively quiet conditions. Again, 
in the northern hemisphere the maxima and minima 
of foF2 are approximately at the same local mean 
time at most ionospheric stations. This: does not 
suggest the type of movements proposed by the 
speakers. He asked if there is evidence for any 
fundamental difference in the behaviour of the layer 
in the two hemispheres. 

Mr. P. M. Brenan and Mr. D. P. Harrison gave 
an-account of the work in radio astronomy. It was 
found that ionospheric velocities, deduced from the 
motion of the diffraction pattern on the ground, 
were approximately towards the west in the firat part 
of the night and towards the east for the remainder 
of the night and most of the following day, the re- 
versals taking place about 0030 and 1630 n.m.1t. The 
speeds were of the order of 400 m.seo.-! in the even- 
ing, falıng to about 100 m.sec.-1 im the easterly 
motion. The times of change and the magnitude 
of the drift speeds agree with measurements of the 
motions of auroral forms made at Halley Bay by 
8. Evans (1959) using an all-sky camera. 

For radio-echo observations of aurors and meteors, 
a low-power equipment working with a rotating 
aerial on a frequency of 71-3 me./s. was used, similar 
to that at Jodrell Bank. The auroral echoes fit 
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closely the case of specular reflexion for columns of 
ionization aligned along the local magnetic field at 
about 100 km. 

Commenting on these papers, Dr. J. G. Davies 
remarked that a clear correlation between the peaks 
of auroral activity at Halley Bay and the rarer 
auroral echoes at Jodrell Bank has been demon- 
strated. The scattermg mechanism is clearly specular. 
He pointed out that in the auroral case, as well as 
for the work on radio-sowrce scintillations, the fact 
that the observations appear to be in regions of 
increased ionization elongated along the direction of 
the local magnetic field suggests that these may be 
extensions of the van Allen radiation belts, and 
may represent the mechanism whereby the radiation 
zones drain into the atmosphere. 

Dr. S. Evans and Dr. G. M. Thomas gave an 
account of the visual work on aurora. An all-sky 
camera was used. A plot of the hourly-mean vector 
movement indicated a systematic diurnal component, 
reaching a few hundred metres a second in the 
easterly and westerly directions. Comparison with 
the horizontal magnetic disturbance vector averaged 
over the same period was held by Dr. Evans to 
imply an effective transport of negative charge by 
aurora. 

Dr. Thomas said that a feature of the auroral 
display at Halley Bay was the almost continuous 
presence of a quiet arc lying well to the south. 
There is evidence, supported by observations in other 
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localities, that there is a migration of quiet arcs to 
higher latitudes at times of maximum sunspot 
activity. 

Mr. J. Paton, discussing these results, speculated 
whether the small movement in the position of the 
quiet arcs recorded at Halley Bay between 1956 and 
1958, if it is real, is related to changes in the form 
of the outer van Allen radiation belt during the 
period between sunspot minimum and maximum. 
He also asked if the observations now indicate that 
the phenomena of ‘flaming’ occur only on the 
equatorial side of the auroral zones, and that the 
somewhat surprising rarity of red coloration in the 
Halley Bay displays indicates the general rule that 
persistent red diffuse surfaces are very limited in 
their geographical position, being virtually confined 
to the middle latitudes. 

Sir Graham Sutton, summing up, said that, in his 
opinion, the Society had -been amply justified in its 
decision to send an expedition to this remote part. 
The dats obtained seemed to be unique in many ways. 

The president of the Royal Society, Sir Cyril 
Hinshelwood, in closing the meeting, paid tribute to 
all who had taken part, and said he had never had 
any doubt that the Halley Bay venture would be 
worth while. From what he had heard, the geo- 
physical services would benefit greatly. ; 

The contmbutions and a report of the discussion 
will appear in a forthcoming number of the Pro- 
ceedings of the Royal Sooctety. O. G. SUTTON 


THE TEACHING OF VETERINARY ANATOMY AS A” BRANCH . 
OF BIOLOGY 


ITS RELATIONSHIPS TO HUMAN ANATOMY 


By Dr. R. A. GREEN 
Sub-Department of Veterinary Anatomy, University of Cambridge 


VERYONE has the opportunity of gaining inside 

knowledge in one only of the sciences—biology. 
He carries around with him until he dies a living 
specimen about which he can know something ait 
first hand. This intimate knowledge of vital activity 
is not only unique, ıt also carries with it a greater 
depth of understanding than is possible by the use of 
the intellect alone. Certain branches of knowledge 
like mathematics claim to depend on the use of pure 
reason. Any branch of the natural sciences, however, 
makes use to some extent of man’s knowledge of his 
own. body. 

Anatomy is fundamentally a branch of biology 
but, based historically on cadavers and the descrip- 
tive method, it is often thought of as a dead science— 
in more ways than one. It is also mistakenly con- 
sidered to be a highly concrete science because it 
deals with the gross aspects of structure which are 
not only three-dimensionally solid but which can 
also be prodded with the fingers. To bring the dead 
organs to life, an older generation therefore added 
‘function’ as something over and against ‘form’. 
Thus was born one of the many antitheses that 
used to divide biologists into two warring camps. 
Nowadays they are mostly too busy being experi- 
mentalists to worry about these many unsolved 


problems, and this is no doubt why words like 
‘teleological’ and ‘Lamarckistic’ are used less often 
as epithets of derision. 

In fact, as Woodger first remarked', the antithesis 
of form and function is readily resolved in terms of 
ideas on space/time. A dead organ, far from being 
one of the most concrete elements in biology, is one 
of the most abstract. It is a four-dimensional object, 
from which the dimension of time has been removed. 
Living structure, by its very nature, has a history. 
It is changing from moment to moment. Form and 
function are but two aspects of a single entity—a 
living organism. To consider any living organism 
from one only of these two aspects is a highly artificial 
abstraction from reality. Similarly, because the 
organism is & structuro-functional whole, considera- 
tions in isolation of one of its several organ-systems 
or of separate organs are still further stages in abstrac- 
tion, invented by the mind of man. Thus, living 
structure 1s function. 

For some years now in the teaching of human 
anatomy there has been a tendency to depart from 
the older descriptive method of dealing with gross 
structure. Function is introduced in many places, 
and organs are dealt with in terms of the functions 
which they are designed to carry out in life. This is 
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occasionally an overtly teleological approach which 
is all to the good; for, as MacDougall once said’, 
there are quite clearly two kinds of causation at large 
m the world—mechanical and teleclogical—and, of 
these, teleological causation is fundamental. Man 
conceived the idea of inanimate objects pushing each 
other about because of what he knew at first hand of 
the results of using his own muscular energy; and, 
in ag much as events happen in the realm of living 
things as though those events were purposive*—it 
does not seem a serious sin-.to treat them that way 
if to do so is to further understanding. To hold the 
opposite view, that ın .order to be scientific, any 
statement concerning living things and how they act 
or are made must be based on a materialistic 
philosophy, is merely to display a narrow dog- 
matism that in no way accords with the facts of 
observation’. 

There was a time when.observation played a prime 
part in the biological sciences. From it was born the 
descriptive style of anatomy; but like any thought- 
method indulged in as a specialization this eventually 
began to defeat itself‘. The sheer accumulation of 
descriptive facts began to have an arid effect and 
became intellectually unsatisfying. Certain details 
began. to be relegated to smaller print, and innovations 
were made, such as considering the functions of the 
‘parts being described. 

As well as considering function, attention was also 
given to those other aspects of the fourth dimension 
-development and evolution. The embryology of 
organ-systems has for many years now been a standard 
part’ of the background of teaching gross human 
anatomy and, in most centres, at least some attention 
is also given to comparative anatomy, by way of 
emphasizing among other things the specializations 
mvolved in man-having an upright posture. In some 
centres a more detailed study is made along almost 
zoological lmes to paint in more of the history of the 
vertebrate body. 

The beginnings of a serious study of the anatomy 
of domestic animals were made before the already 
highly developed human anatomy began to break 
with tradition. It was inevitable, therefore, that the 
method established in human anatomy was directly 
imitated. Having, however, to deal with some five 
different mammals, attempts at a comparative 
approach, although along purely descriptive lines, 
were made at the outeet. As time passed, many 
teachers of veterinary anatomy grew aware of the 
deficiencies of the purely descriptive approach and 
introduced function and embryology along with a 
description of parts. But this was seldom a true 
grafting-on of new material. The current state of 
development of the teaching of human anatomy gives 
opportunities for radical changes in approach by 
veterinary anatomists along avenues less accessible 
to those that originated them. 

Human anstomists are in a difficult situation in 
the matter of how much descriptive detail to include 
in ther courses. Obviously, their students will 
need to know the structure of, certain parts in con- 
siderable detail in their clinical years, and too much 
cannot be left to the surgeons to teach without a 
radical alteration being made in medical students’ 
courses. Certain. critics maintain that all descriptive 
anatomy should be applied anatomy and taught 
alongside surgery. Although this would obviate the 
difficulties inherent in expecting students to remember 
structural details with several years gap between 
pre-clinical anatomy and surgery, it would relegate 
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anatomy to pure technological training. It has more 
to offer a student than that. But the problem of 
where to draw the descriptive line is certainly an 
acute one. 

This particular problem is far less pressing in the 
teaching of veterinary pre-clinical anatomy, for the 
amount of applied descriptive detail required by 
even & specialist in 18 far less. ‘The detal 
chosen for treatment should, of course, be selected 
with one eye on its applied value; but even so, the 
main criterion of choice is its biological value. 
Which structural details can best be shown as 
structure-mn-action ? This is one of the basic yard- 
sticks for selection. Which details can best be 
treated as examples of adaptation to function agamst 
a background of evolutionary and developmental 
change ? Finally, in this choice of what to leave out 
and what to put m—what other details must be 
included in order to give a rounded picture of the 
whole structuro-functional organism rather than 
merely a pastiche of disconnected parte. 

Having, of necessity, to begin with a comparative 
approach, in order to deal with the structure of odd- 
and even-toed Ungulates and the Carnivora, among 
mammals, and of domestic poultry, among birds, ıt 
is obviously relevant to include something on. reptiles, 
from which both later classes devolve. In turn, 
reptiles are only meaningful in matters of structure 
if their earliest representatives are coupled with 
early amphibians and treated as the first tetrapods 
m contrast to fish-like vertebrates. Thus, a more 
than superficial survey of the vertebrate body is a 
natural corollary to the teaching of veterinary 
anatomy. In this way it also joins forces with the 
dogfish, which the framers of early First M.B. courses 
in their wisdom included in its syllabus. In human 
anatomy courses the introduction of much compara- 
tive anatomy can be frowned upon as overloading the 
student. There is no need for a similar criticism in 
veterinary anatomy courses, where the subject-matter 
quite naturally demands it. 

The embryology of the various organs of the mam- 
malian body falls naturally into place alongside their 
evolutionary history and their gross form. That is 
to say, a unified course of all three approaches—not 
three separate courses. One of the major difficulties 
here is the absence of appropriate text-books. All 
the best text-books on mammalian anatomy and 
embryology are written for medical students. The 
various adaptations relating to upright posture and the 
rather more subtle differences due to precocity in > 
development of many organs are not necessarily 
emphasized by the authors, for their subject-matter 
is man. For the veterinary student, these differences 
are a source of confusion, and time has to be consumed 
in interpreting them in terms of domestic animal 
anatomy. This very difficulty, however, contains an 
opportunity. Human anatomists give courses in 
quadrupedal anatomy. In veteriary anatomy 
there should be a course of comparative human 
anatomy. This would not only serve as a guide to 
existing text-books but would also fulfil two other 
wider and more valuable purposes—a means of 
liaison between medical and veterinary professions 
containing the elements of a common language 
between the two, and an important part of general 
education. Comparative medicine is now being given 
increasing attention; but the foundations of any 
training are laid in its early years—in this case, in 
pre-clinical courses. No opportunity should be lost 
in general education of mecreasing the spread of 
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knowledge about the human body, and for any student 
of animal biology a course on this subject should be a 
constant feature. 

As well as having a long-established method of 
instruction and varied text-books for learning his 
anatomy, a medical student has another tremendous 
advantage over a veterinary student. He carries 
around with him a living text-book. To a non-medical 
observer, the behaviour of medical students while 
taking an oral examinatien is very interesting. Al 
but the weaker candidates will make repeated refer- 
ence to their own bodies when in the process of 

answering ions. Their examiners probably 
barely notice this, except to remark its absence in 
the poor candidates. It is a method of learning that 
comes naturally to the student, and all concerned, 
examiners and examinees, take it for granted. 
Although it has obvious restrictions, mainly to surface 
structures, it is nevertheless a means of knowing 
living anatomy that many a medical man almost 
certainly makes use of throughout his professional 
life. He adapts it later by asking patients to carry 
out various voluntary movements and noting the 
results, but his unconscious reforence point is probably 
still his own, body. 

Both the approach and its adaptation would seem 
to be denied to a veterinary training. The use of 
living animals for palpation and observation, or the 
showing of films or cine-radiographs of living 
structures is never as effective, because full subjective 
participation on the part of the students is always 
absent. There is, however, a way around this diffi- 
culty. Fortunately, the most generalized of the 
domestic’ animals, the dog, differs in only a limited 
number of structural details from the anatomy of man. 
The comparative course in human anatomy could 
stress these differences to the veterinary student. By 
learning about his own body, which in itself contains 
an interest drive for any biology student, he can 
allow for the differences between his own anatomy 
and that of his subject animals and thereby use his 
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own living text-book in a similar way to a medical 
student. 

Modern anatomy is thus far from bemg a dead 
science, but, what of the criticism that it is too time- 
consuming in this age of specialization to warrant its 
continuance as & part of pre-clinical training, even 
in its modern forms? This criticism can perhaps be 
levelled even more readily at veterinary than at 
human anatomy because of the more restricted 
nature of its descriptive subject-matter. Most 
anatomists, after n full allowance for the axe 
they have to grind, are confident of the importance 
to the students of what they are seeking to do for 
them, in courses that must remain pre-clinical. The 
actual putting into words of what is often an instine- 
tive conviction, accumulated through years of teach- 
ing, is however sometimes not easy to make. Surely 
one of the main answers lies in this matter of anatomy | 
being a branch of biology ? In this day and age where . 
machines have invaded the world of biological 
research, and observation of living animals without 
interference experiments is a rarity, there is an 
increasing need to offset this mechanistic trend by 
laying foundations in the biology of the normal. 
The changes from the old descriptive method have 
rendered this possible, and, as technology advances, 
the importance of emphasizing what can now be 
taught as living anatomy will increase rather than 
diminish. By adding to the observations of living 
subjects the inside knowledge a student can have 
from his own body, use is made of the insight into a 
science which belongs to biology alone. Not to 
develop this insight in a world of advancing tech- 
nology might well be to lose the very substance of 
that old but still undeniable claim that medicine, 
whether human or veterinary, is an art as well as a 
science, 

1 Woodger, J. H., ‘Biological Principles” (Kegan Paul, London, 1929). 
1 MacDougall, W., “The Riddle of Life’ (Methuen, London, 1938). 
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RIBONUCLEIC ACIDS AND THE SYNTHESIS OF CELLULAR 
PROTEINS* 
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T is hard to believe nowadays how confused the 
whole field of nucleic acid biochemistry and 
localization was some thirty years ago: it was 
thought, for example, that thymonucleic acid was 
only found in animal cells, while yeast nucleic acid 
was a specific constituent of vegetal cells. We know 
now that thymonucleic acid is only one representative 
of the deoxyribonucleic acids, while yeast nucleic 
acid is just one of the many ribonucleic acids which 
are now known to exist in all kinds of cells. Regarding 
the role of deoxyribonucleic acid, all one could 
suggest was that it might play the part of an intra- 
nuclear pH buffer. 
Progress and clarification in this field largely 
came from unexpected quarters, namely, from cyto- 
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chemical and embryological work: for example. the 
introduction in the realm of cytochemistry of the 
specific Feulgen! reaction for deoxyribonucleic acid 
was & major event, since it led to the demonstration - 
of two important facta: deoxyribonucleic acid is 
strictly localized in the chromatin of cell nuclei, 
and it 1s present in the nuclei of all cells, whether they 
are of animal or vegetal origin. 

Work in the thirties by the Needhams* and by me* 
on the synthesis of nucleic acid in developing sea 
urchin eggs also led to important conclusions: it was 
found that cell multiplication, during embryonic 
development, is linked with the synthesis of deoxy- 
ribonucleic acid and that the site of this synthesis is 
strictly nuclear. No important reserve of deoxy- 
ribonucleic acid, sufficient to allow nuclear muki- 
plication until the larval stages were reached, could be 
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detected ın the cytoplasm; the latter, however, 
already contains large amounts of nucleic acids, in 
unfertilized eggs. Since this nucleic acid cannot be 
deoxyribonucleic acid, it must be ribonucleic acid ; 
the latter can therefore no longer be considered as 
& specific constituent. of plant cells. The hypo- 
thesis of a conversion of ribo- into deoxyribo- 
nucleic acid during cell division was an apparently 
logical conclusion to draw from all this work. How 
much of these conclusions remains true nowadays ? 
A. good deal, since the universal occurrence of deoxy- 
ribonucleic acid in cell nuclei and its synthesis during 
cell division are now ‘well-established facts; the 
presence of ribonucleic acid in the cytoplasm of all 
cells is also generally accepted. The only major flaw 
in the theory was the hypothesis of the conversion of 
ribo- into deoxyribo-nucleic acid, which was not on & 
sufficiently sound basis;. but, although such ‘con- 
version certainly does not occur on a very large scale 
during egg development, recent biochemical work 
has shown that many organisms, including embryos, 
contain enzymes which transform ribonucleosides 
into their deoxy-counterparts and, ultimately, mto 
deoxyribonucleic acid. 

More progress in our basic knowledge about the 

role and the localization of ribonucleic acid was to 
come from other cytochemical studies: a simple 
staining “method, in which two basic dyes (methyl 
green and pyronine) are combined, allows quick and 
easy detection of ribonucleic acid in all cells; how- 
ever, the specificity of the method must be checked 
_ by the utilization of control sections which have 
- previously been treated with the enzyme ribo- 
nuclease in order to remove the ribonucleic acid they 
contained (Brachet‘). Simultaneously, Caspersson® 
worked out a more complicated and more costly 
method of detection of ribonucleic acid based on the 
strong ultra-violet absorption of the purine and 
pyrimidine bages which enter into the constitution 
of the nucleic acids. 

Extensive use of these two methods led, independ- 
ently and simultaneously, Caspersson® and me‘ to the 
same general conclusion : ribonucleic acid is a univers- 
al constituent of all living cells, whether they are of 
animal, vegetal, or bacterial origin. It is localized 
in the nucleoli and in the cytoplasm, although 
variable amounts are found in chromatin as well. 
Furthermore, there is a remarkable correlation 
between the ribonucleic acid content of a given cell 
and ita ability to carry out protein synthesis: colls 
which are metabolically very active, but do not 
synthesize large amounts of proteins (kidney, heart, 
muscle cells, for example) have a low ribonucleic acid 
content. On the other hand, cells which synthesize 
large quantities of enzymes in the pancreas or the 
gastric mucosa, as well as the silk-secreting cells of 
suk worms, contain very large amounts of ribo- 
nucleic acid in their cytoplasm and their nucleoli. 
Finally, when protein synthesis is increased or 
decreased by experimental means, such as fasting 
or hormone injection, parallel changes in the 
ribonucleic acid content of the affected cells can be 
detected. 

More recently, the advent of a new and powerful 
sytochemical technique, autoradiography, haa en- 
tirely confirmed these conclusions (Brachet and 
Ficq*): there is an excellent, almost perfect, parallel- 
ism between the incorporation of ammo-acids into 
proteins (which is a measure of protein synthesis) 
and the ribonucleic acid content of all the cells which 
have been studied. 
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Quantitative Measurements 


Since cytochemical methods do not lend them- 
selves so easily to quantitative work as straight 
biochemical techniques, it was important to confirm 
the cytochemical results with quantitative methods : 
this has been done’.* repeatedly, and all that need be 
said here is that the agreament between the two types 
of technique is remarkable. We can thus from now 
on consider the correlatiop between the ribonucleic 
acid content and protein synthesis as a well-established 
fact, and we can draw the conclusion that ribo- 
nucleic acid somehow takes & direct role in protein 
synthesis. 

A consequence of this conclusion is that there 
should also be a correlation between ribonucleic acid 
content and protein synthesis at the subcellular 
level: it means that the small particles rich in 
ribonucleic acid which have been known as micro- 
somes since the work of Claude’ should be more 
active in the incorporation of amino-acids into the 
proteins than the other cell fractions (nuclei, mito- 
chondria, cell sap) which are poorer in ribonucleic 
acid. The correctness of this prediction has been, 
confirmed many times and, more recently, it has been 
possible to go one step further and to isolate from the 
microsomes, by suitable treatment with bile salts, 
particles which are much smaller and have a still 
higher ribonucleic acid content than the microsomes : 
they are the so-called ‘ribosomes’, which contain 
as much as 40 per cent mbonuoleic acid. It waa 
found, as one would expect, that they are unusually 
active in the incorporation of labelled amino-acids 
into proteins’*, In fact, these ribosomes are now ° 
considered by most biochemists as the main site of 
synthesis of cytoplasmic protein, in bacterial as well 
as in vegetal and animal cella. Of great interest also 
is the finding that treatment of microsomes by 
ribonuclease, in order to destroy the ribonucleic acid 
they contain, quickly inhibits their ability to syn- 
thesize proteins“. It can therefore be safely con- 
cluded that the above-mentioned relationship between. 
ribonucleic acid content and protein synthesis holds 
true at the subcellular as well as the cellular or histo- 
logical level; furthermore, the integrity of ribo- 
nucleic acid, in subcellular particles, is-mecessary if 
the ability to synthesize protein is to be retained. 

But the first clear-cut demonstration of a direct role 
of ribonucleic acid in protein synthesis came from an 
entirely different field: the study of. the multi- , 
plication of plant viruses, especially tobacco mosaic , 
virus. After the demonstration by Mar 12 and 
by Jeener! that the protein part of tobacco mosaic 
virus (which consista of ribonucleic acid and protein 
only) is not infective, it was established beyond 
doubt by Gierer and Schramm™ and by Fraenkel- 
Conrat}® that viral ribonucleic acid, if properly 
extracted and isolated, is infectious. Treatment of 
this ribonucleic acid with ribonuclease immediately 
abolishes the infectivity. A very important point in 
these experiments is that when viral ribonucleic acid 
gets into tobacco leaves, it not only reproduces 
itself but also synthesizes its protein counterpart and 

duces virus of the strain from which it originates. 

other words, ribonucleic acid is the genetic determ- 
inant in plant viruses (and in all animal viruses 
containing ribonucleic acid which have been studied 
so far) just as deoxyribonucleic acid is in phages and 
in cells. 

But viruses are very simple systems when compared 
with whole, living cella ; for the biologist, 1b would be . 
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of the utmost interest to prove that the integrity of 
ribonucleic acid is required for protein synthesis in 
the case of living cells also. Experiments to test this 
possibility have been going on for several years in my 
laboratory ; the technique is to add ribonuclease 
to the living cells and to follow such processes as 
growth, mitotic activity, incorporation of amino- 
acids into proteins and net protein synthesis. The 
main results can be summarized as follows?*: ribo- 
nuclease easly penetratesymany living cells, where it 
can accumulate to a large extent. It first breaks 
down the soluble (cell-sap) ribonucleic acid and then 
attacks microsomal and nucleolar ribonucleic acid by 
either breaking it down or building up an inactive 
enzyme~—substrate complex. In any event, protein 
synthesis, growth and mitotice activity quickly stop, 
probably as a result of the initial breakdown of 
soluble ribonucleic acid. But it is a very remarkable 
fact that the deleterious effects of mbonuclease can be 
reversed to a large extent (and sometimes even 
completely) by the external addition of yeast ribo- 
nucleic acid. The experimenter can thus control, 
almost at will, growth and protein synthesis in living 
cells by playing upon the ribonucleic acid-ribonu- 
clease equilibrium. 

After these prolonged cytochemical and biological 
studies, the problem hag finally reached the ultimate 
stage, the biochemical one: thanks to the work of 
Hoagland, Zamecnik and them colleagues'’, the 
mechanism of protein synthesis becomes more and 
more understandable. This synthesis involves three 
main stages: first, the amino-acids are activated, in 
the presence of adenosine triphosphate, by soluble 
enzymes, and this results in the formation of amino- 
acyl-adenosinemonophosphate compounds. Secondly, 
these compounds are incorporated into soluble 
ribonucleic acid ; this step is very sensitive to ribo- 
nuclease in the in vitro biochemical experiments as 
well as in our own ts with onion roots. 
Finally, the soluble ribonucleic acid, which now 
carries the amino-acid, is, in turn, incorporated into 


- the ribogomes ; there, by a mechanism which remains 


obscure in, many respects, specific proteins, which 
possess the correct amino-acid sequence, are syn- 
thesized. There is no lack of hypotheses about this 
ultimate step of protein synthesis : the most probable 
one is that the ribosomal ribonucleic acid carries a 
‘code’, -whioh it has received from nuclear deoxy- 
ribonucleic acid; this code would be inscribed, in 
the mbonucleic acid molecule, in the form of a specific 
base sequence and it would be translated, in the 
finished protein, as a corresponding, specific amino- 
acid sequence. 


Role of the Nucleus 


Before we can accept such a control mechanism of 
cellular protein synthesis, we should know more 
about the role taken by the cell nucleus (which 
obviously contains all the genetic information) 
in the synthesis of ribonucleic acid and of 
protein. 

Several methods are available for such investi- 
gations; although all of them have some serious 
drawbacks, it is very encouraging that they all lead 
to very similar conclusions. The three main methods 
which have been used so far are the following: 
(1) investigation of the incorporation of labelled 
precursors of nucleic acids or proteins into intact 
cells, by autoradiography methods; (2) comparison 
of nucleic acid and- protein metabolism in nucleate 
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and anucleate fragments of unicellular organisms or 
eggs; (3) work on homogenates, in which nuclei, 
mitochondria, microsomes and cell-sap constituents 
can be recovered by differential centrifugation. The 
main difficulties with these three types of methods 
are the following: with the autoradiography tech- 
niques, specific activities are often difficult to measure 
accurately, aince usually we do not know exactly the 
intracellular concentration of the labelled precursor 
and the chemical composition of the cell organelle 
which is under study; in the case of anucleate and 
nucleate fragmenta of cells, the main limitation is 
that delicate ultramicromethods are necessary in 
order to make measurements; with homogenates, 
it is difficult to be sure that no adsorption or loss of 
chemical compounds haa occurred as a result of a 
rather drastic procedure. Furthermore, results 
obtained with ‘combined’ homogenate fractions 
(nuclei -+ microsomes, for example) are always of 
doubtful significance, since the experimental con- 
ditions are too different from those which prevail 
in @ living cell. After these preliminary, but 
necessary, remarks, I will now discuss briefly the 
results obtained with the three different types of 
approach. 

Autoradiography work on intact cells has repeatedly 
emphasized the importance of the nucleolus and 
perinucleolar chromatin in ribonucleic acid metabol- 
ism; these nuclear constituents, in all the cases 
studied so far, become very quickly labelled when 
ribonucleic acid precursors such as adenine, orotic 
acid, cytidine, uridine, ete. are used. It looks as if 
these precursors could go through the whole of the 
cytoplasm without being used for the synthesis of 
ribonucleic acid but, once they reach the nucleus, 
they incorporate themselves almost immediately in the 
nucleolus and the surrounding chromatin. Later on, 
the cytoplasmic ribonucleic acid also becomes 
labelled to an appreciable extent. All the facts at 
hand thus suggest that synthesis of ribonucleic acid 
is extremely active in the nucleus and the adjoming 
heterochromatic segments ; they also strongly suggest 
that ribonucleic acid which has been synthesized in 
the nucleus is transferred to the cytoplasm. 

The situation is different in the case of protein 
synthesis: as a rule, nuclei do not incorporate 
labelled amino-acids at a much faster rate than the 
cytoplasm ; the main exception of this rule is the 
case of eggs undergoing cleavage, where synthetic 
processes are practically restricted to the multi- 
plication. of the nuclei. These observations obviously 
suggest that the nucleus is more directly involved in 
ribonucleic acid than in protein synthesis (see 
Brachet?® for a more complete discussion). Experi- 
ments recently carried out in my laboratory by Drs. 
R. Perry and M. Errera entirely confirm this general 
conclusion: destruction of the nucleolus by an 
ultra-violet microbeam exerts marked effects on the 
synthesis of ribonucleic acid in both cytoplasm and 
chromatin ; but, on the other hand, it has relatively 
little effect on the synthesis of nuclear and cyto- 
plasmic protein. 


Nucleate and Anucleate Fragments 


I now come to the work done on nucleate ee 
anucleate fragments of unicellular o : 
Amoeba, removal of the nucleus has little effect a 
the time of survival of the organism; but anucleate 
fragments quickly become unable to move and to 
feed: therefore they should be compared with their 
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nucleate counterparts under fasting conditions only. 
Under these conditions, it is found that removal of 
the nucleus does not decrease appreciably the oxygen 
consumption ; however, the anucleate halves soon 
become incapable of utilizing ther carbohydrate and 
fat reserves and, instead, proteins are boing broken 
down’*, This protein breakdown affects various 
specific (enzyme) proteins to different extents: 
whereas protease, adenosine triphosphatase, eno- 
laso and amylase remain almost wumaffected by 
removal of the nucleus, dipeptidase undergoes a 
definite decrease, and acid phosphatase and esterase 
almost vanish from the anucleate halves. The reason 
why the nucleus exerts such markedly different 
effects on the maintenance of a number. of enzymes 
remains uncertain; it -may be connected with 
different intracellular localizations of the various 
enzymes which have been studied so far; but this 
point certainly requires additional experimental 
work before ıt can be cleared up. Finally, it should 
be added that the incorporation into proteins of 
labelled amino-acids, such as methionine or phenyl- 
alanine, is markedly reduced after enucleation ; this 
incorporation process, which can be teken as an index 
of protein synthesis, never stops, however, in anu- 
cleate cytoplasm so long as the latter is alive. 

The effects of removal of the nucleus are much more 
drastic, in Amoeba, in the case of ribonucleic acid 
than in that of proteins: the ribonucleic acid content 
of anucleate fragments decreases quickly and 
strongly’*, Ingenious experiments by Goldstein and 
Plaut**have provided direct evidence for the view 
. that the reason for this considerable drop in the 
ribonucleic acid content of anucleate cytoplasm is that 
a large proportion of cellular ribonucleic acid is 
synthesized in the nucleus: grafting the nucleus of an 
Amoeba which had been labelled with phosphorus-32 
into a normal Amoeba, they found that cytoplasmic 
ribonucleic acid becomes labelled. On the other hand, 
the normal nucleus does not take any of the label into 
its ribonucleic acid, a fact which suggests that ribo- 
nucleic acid can move inside the cell in one direction 
only, namely, from the nucleus towards the cyto- 
plasm. 

In accordance with the results which have just 
been presented and which suggest that the nucleus 
18 the main centre for the synthesis of ribonucleic acid 
in Amoeba, it has been found that enucleation exerts 
very impressive inhibitory effects on the incor- 
poration of various precursors into cytoplasmic 
ribonucleic acid. Anucleate fragments seem, however, 
to be able to carry on, but at a much reduced rate, 
independent synthesis of cytoplasmic ribonucleic acid. 
But the whole situation still remains somewhat 
obscure, since the possibility that the incorporation 
process might occur in bacteria which have been 
phagocytized by the Amoeba without being killed 
has not yet been ruled out satisfactorily. 

The biochemical activities of anucleate cytoplasm 
are much greater in the unicellular alga Acetabularia 
mediterranea than in Amoeba: it was found by 
Hammerling™ that anucleate halves not only survive 
for several months, but also that they are even capable 
of extensive morphogenesis (cap formation); it is 
therefore not surprising that these anucleate fragments 
are capable of net protein synthesis, including that of 
specific es such as aldolase, phosphorylase and 
fructosidase**"**. Although the genes control, as we 
know, the synthesis of the many enzymes which are 
present in the cells, removal of the nucleus has never- 
theless no immediate effect on enzyme synthesis. It 
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should be said, however, that protein and enzyme 
synthesis cannot go on for ever in the absence of the 
nucleus, and that it stops completely after three or 
four weeks. 

The case of Acetabularia raises & number of impor- 
tant problems for all those interested in molecular 
biology: morphogenesis and synthesis of specific 
proteins can obviously occur, in this case, in the 
complete absence of the genetic material. There must 
therefore be an mtermediary between deo 
nucleic acid and the préteing: Could it be that 
cytoplasmic ribonucleic acid carries the genetic 
information origmating from the genes, and controls, 
for a certain time in any event, synthesis of specific 
protein? If so, is this ribonucleic acid of nuclear 
origin ? Is it possible, by experimental means, to 
suppress the expression of the information which the 
anucleate cytoplasm has formerly received from the 
genes ? While no clear-cut answer can be given to any 
of these important questions, recent experiments shed 
& certain amount of light on them. 

Regarding first the behaviour of cytoplasmic 
ribonucleic acid in anucleste fragmente, recent 
experiments by Dr. Naora and me have led to the 
following conclusions: there is, in contrast to what 
happens to protein, no net synthesis of ribonucleic 
acid in these fragments. On further analysis, however, 
it is found that a true synthesis of chloroplastic 
ribonucleic acid occurs in pieces of anucleate Ace- 
tabularta ; this synthesis apparently takes place at 
the expense of the other cytoplasmic ribonucleic acid 
fractions (microsomes, cell-sap), which decrease after 
enucleation. We thus arrive at the following con- 
clusions: chloroplasts show a high degree of inde- 
pendence towards the nucleus and can apparently 
multiply in its absence; microsomal and soluble 
ribonucleic acids, in Acetabularia as well as in Amoeba, 
he under much closer nuclear control. 

There is good reason for believing that, in Ace- 
tabularia as in Amoeba, part of the cytoplasmic 
ribonuoleic acid is of nuclear origin: incorporation 
of ribonucleic acid precursors is extremely active in 
the nucleolus’® and treatment of the anucleate halves 
with inhibitors of ribonucleic acid synthesis (ribo- 
nuclease, for example*) leads to an irreversible logs 
of regenerating capacity; a similar treatment of 
nucleate halves produces only a temporary inhibition 
of regeneration ; these facts strongly suggest that the 
morphogenetic processes, in anucleate fragments, 
are mediated by ribonucleic acid of nuclear origin. 
It should, however, be emphasized that anucleate 
pieces incorporate radioactive precursors into their 


ribonucleic acid at an almost normal level for many ` 


weeks", ; there is thus no doubt that, in this 
alga, pure cytoplasm is capable of extensive and 
independent synthesis or turnover of ribonucleic 
acid. 

Regarding finally the expression of the gene- 
determined morphogenetic cheracter (cap formation) 
in anucleate fragmenta, it is interesting to note that 
it can be easily controlled by modifying the SH—S8S 
equilibrium of the culture medium*: by adding —S H- 
containing substances (8- -mercaptoethanol for ex- 
ample), cap formation is completely suppressed. In 
the presence of its oxidized (—-S8-containing) counter- 
part, dithiodiglycol, caps form earlier and develop 
faster than in the controls. In other words, the 
genetic information which the cytoplasm has 
received from the nucleus (through ribonucleic acid 
of nuclear origin presumably) is ‘forgotten’ in the 
presence of mercaptoethanol and expresses itself 
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better than normally when cytoplasmic —-SH groups 
are oxidized. 

Before we close the Acetabularia chapter, a last 
remark should be made: ıt would be a mistake to 
beleve that nusleo-cytoplasmic interactions always 
correspond to nuclear control exerted on the cyto- 
plasm; in this alga, a decrease in cytoplasmic 
energy production, by prolonged cultivation in the 
absence of light, for example, has far-reaching con- 
sequences on both the structure and the ribonucleic 
acid content of the nucleus and, especially, the 
nucleolus*®. 

The experiments which have been performed on 
enucleate egg cells and on reticulocytes (see ref. 18 
for a more complete review) are in substantial 
agreement with all that has been said about Aceta- 
- bularta: removal of the nucleus in sea urchin or 
unfertilized eggs of the newt has no immediate 
effects on the mecorporation of various precursors 
into ribonucleic acid and proteins; m reticulocytes, 
the loss of the nucleus is followed by a parallel drop 
in the ribonucleic acid content and the ability of the 
cell to incorporate amimo-acids into proteins. Never- 
theless, synthesis of various enzymes and even of 
hemoglobin (the synthesis of which is very clearly 
genetically controlled) has been reported to occur in 
these anucleate cells: if this is true, ıt would be 
another piece of evidence for the view that genetically 
controlled synthesis of specific protems can occur in 
the complete absence of the genes; here again, one 
could speculate that cytoplasmic ribonucleic acid of 
nuclear origi is the carrier of the genetic information. 


Work on Homogenates 


A few words should be said, finally, about the 
results obtained by biochemists who have been 
working on fractions recovered by differential 
centrifugation of homogenates (cf. ref. 18); ıt has 
been repeatedly shown, 
by this method, that 
the meorporation of 
ribonucleic acid precur- 
sors is always higher in 
nuclei than in any cyto- 
plasmic fraction ; sumil- 
ar experiments made 
with labeled amuno- 
acids failed to demon- 
strate a particularly high ability of the nuclei for 
synthesizmg proteins. Thus, we find once more 
that the nucleus is more directly mvolved in ribo- 
nucleic acid synthesis than in protein synthesis. 
Mention should be made, in this respect, of the very 
interesting experiments carried by Allfrey and 
Mirsky?’ on isolated thymus nuclei: the latter are 
capable of protein synthesis, and whole deoxy- 
ribonucleic acid is required ın order to allow them to 
carry on this process. However, this role of deoxy- 
ribonucleic acid ıs an indirect one, since deoxy- 
ribonucleic acid 1s mainly concerned with energy 
production in the isolated nuclei. Furthermore, the 
experiments of Allfrey and Mirsky’ clearly show that 
the ribonucleic acid synthesis is a necessary initial 
step before the isolated nuclei can incorporate 
amino-acids into their proteins. 


TA 
DNAC | 
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General Conclusions 


If we compare biological systems so different 
from each other as Amoebae, algac, eggs and reti- 
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culocytes, we find big quantitative differences ; 
but they probably are just the result of a secondary 
factor, namely, the level of energy production 
in the anucleate cytoplasm. It is not surprising 
that an anucleate fragment of Amoeba, which is 
unable to feed, cannot be the site of a net protem 
synthesis ; the situation is of course much better 
for Acetabularia (which is capable of active and 
normal photosynthesis in the absence of the 
nucleus), for eggs which are. full of glycogen, fat 
and protein reserves, and for reticulocytes which 
live in such a rich nutrient medium as the blood 
stream. 

Granting these easily understandable quantitative 
differences, there is no doubt that all the experiments 
made so far point toward the same general con- 
clusion : the cell nucleus is the main site of synthesis 
of nucleic acids (deoxy- and ribonucleic acids). Its 
role in protein synthesis is a less direct one: it 
apparently controls the synthesis of cytoplasmic 
protein through the production of nuclear ribonucleic 
acid. The latter must, ultimately, recerve the genetic 
information from deoxyribonucleic acid; but there 
is no evidence so far that “deoxyribonucleic acid 
makes ribonucleic acid’. Nor is there any. experi- 
mental evidence for the view that deoxyribonucleic 
acid could directly ‘make’ proteins, even. chromo- ` 
somal proteins. Finally, it should not be forgotter 
that, in the case of Acetabularia, independent synthesis 
of protein and ribonucleic acid (in the chloroplasts at 
least) is possible in the complete absence of the 
nucleus and, therefore, of genes and deoxyribonucleic 
acid. 

For these reasons, the common ‘slogan’: DNA 
makes RNA, and RNA makes protein, is, in my 
opinion, an over-simplification which may prove 
dangerous. The following scheme, although still 
certainly very simple, is probably somewhat closer to 
the truth : 


nucleolar proteins 


nuclear ribonucleic acid 


` cytoplasmic ribonucleic acid — cytoplasmic proteins 


chromosomal proteins etna ta ribonucleic acid — ee | 


proteins in the absence of the nucleus 


It will be a task for the future to remove the 
question marks and to increase the number of the 
arrows present in this still largely hypothetical 
scheme. 
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THE AGADIR EARTHQUAKE OF FEBRUARY 29 


By ERNEST TILLOTSON 


HREE slight earth tremors during the previous 
week were not considered premonitory of the 
earthquake which suddenly occurred near Agadir 
at about 11.40 p.m. on the night of February 29, 
1960, since this district had not previously experienced 
an earthquake of intensity 10 on the ten-degres scale. 
However, at 28h. 40m. 12s. u.t., after preliminary 
rumbling, the shock occurred. 90 per cent of the 
Talborjit quarter where many Moroccans lived in 
roulti-storied apartment buildings, 70 per cent of the 
. new buildimgs, including the Saada Hotel, built only 
‘five years ago, and the Gautier Hotel, and 20 per cent 
. of the industrial buildings collapsed. Agadir, the 
tourist and economic capital of southern Morocco, 
where the Atlas Mountains descend to the Atlantic 
Ocean, was ruined. Some 12,000 people, including 
3,000 foreigners, were estimated to have lost their 
lives, and many thousands besides were injured. 
A seismic sea wave (tsunami) which reached some 
300 yards inland from the coast and then retreated, 
added to the damage. 

There was no electric supply and there were no 
telephones ; sporadic fires occurred as the fires in 
buildings were scattered about; the sanitary and 
water systems were utterly destroyed. The head- 
quarters building for the militia collapsed with loss 
of life, but the police headquarters remained standing. 
Moreover, there ‘were only a few police in the build- 
ings during this night of Ramadan. An orphanage 
for about a hundred children was shattered; the 
hospital was badly damaged, and the maternity 
ward destroyed. Sailors from the French naval air 
base some 24 miles away were quickly on the scene, 
and their prompt action saved thousands trapped 
under the ruins. 

The ancient Casbah, inhabited by some 500 
people, built about the year 1540 on high hills 
above the port, was destroyed. The shock was 
felt strongly in Mogador, about 100 miles to the 

north. 


King Mohammed put his son, the Crown Prince 
Moulay Hassan, in charge of all necessary operations. 
. Total evacuation of the population was ordered, the 
dead buried, and rescue operations for those trapped 
were continued. The injured were evacuated to 
hospitals in other parts of Morocco, and tented camps 
were erected, a large one being between Agadir and 
the Moorish town of Inezgane, 7 miles south-east of 
Agadir, which itself suffered some 30 per cent damage. 
Many buildings left unstable by the earthquake have 
been demolished and, since epidemics, especially of 
typhoid and plague, were feared, a 5-week quarantine 
was ordered. The ground has been spread where 
necessary with quicklime and 800 tons of DDT 
have been sprayed on the area. 


At the port of Agadir all cranes collapsed with the 


falling-in of the quays and jetties, except on the ` 


main jetty. The principal cargo sheds were damaged, 
the harbourmaster killed and both pilots injured. 

Evidence of a tremendous submarine upheaval off 
the coast was obtained from preliminary naval 
soundings. In one case the depth of water was found 
to be 45 ft. where previously it was charted at 1,200 ft. 
In a position about 9 miles from the shore, soundings 
showed a depth of 1,200 ft. instead of the charted 
4,500 ft. An extensive hydrographic survey will thus 
be required, especially near the harbour, where some 

was necessary even before the earthquake. 

The shock was by seismographs at 
observatories throughout the world (Durham Univer- 
sity Observatory, England, +Pz 23h. 45m. 44s. D, 
sSB 23h. 50m. 21s. u.r.}, and the United States Coast 
and Geodetic Survey placed the prelummary epicentre 
at lat. 30° N., long. 9° W. Small aftershocks have 
continued to occur, one at about 22:30h. on March 3, 
one about 00-0lh. on March 4, two on March 5 and 
one on March 6. 

The Times reported “an informed source” as 
stating that the insurance coverage m London for 
Agadir was expected to be a good deal short of one 
million pounds, ‘as North Africa is not regarded as a 
dangerous area for earthquakes” and as Agadir is 
basically under French influence and dealt with by 
French insurance companies. However, any rebuild- 
ing which may be undertaken at or near the present 
site of Agadir must now take earthquake risk into 
account. Earthquake damage at a given place 
depends on the properties of the elastic waves arriving 
there, on the ground at the site shaken, and on the 
structures involved. The ratio of amplitudes at sites 
on fairly dry alluvium more than 500 ft. deep to 
those at sites on crystalline rock is frequently 6:1, 
or more for earthquake waves of period 1-1} sec. 
For waves of period about 0-1 sec. and for waves 
having periods exceeding 10 sec. (length more than 
10 miles) the differences in amplitude are small. 
Amplitudes of earthquake waves at sites on water- 
saturated soft ground may be ten times those on 
crystalline rock. The period of waves giving the 
maximum ratio decreases to a quarter of a second for 
places with alluvium about 100 ft. thick. Moreover, 
at sites on alluvium the length of time of shaking 
also increases. Ground effects may produce these 
appreciable differences in duration and amplitude 
even at localities only a fraction of a mile apart. 
The importance of choosing crystalline rock or at least 
dry ground, and of avoiding water-saturated soft 
ground for foundations of buildings in order to reduce 
potential earthquake damage, cannot be over- 
emphasized. 
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OBITUARIES 


Dr. W. F. P. McLintock, C.B. 


WuauamĮm FBANOIS PORTER MoLintoce, formerly 
director of the Geological Survey of Great Britain, was 
born in Edinburgh on Fe6bruary 2, 1887, and was 
educated at George Heriot’s School and the Univer- 
sity of Edinburgh. He graduated in 1907, with special 
distinction in botany, in a remarkable science class 
of a dozen students which yielded two directors of 
Geological Surveys (Heron of India was the other), 
two principals and one professor in Dominion 
universities, and two heads of departments in the 
Indian Civil Service. 

Following a Civil Service examination in minera- 
logy, McLintook was appointed assistant curator in 
the Museum of Practical Geology. Four years later, 
in 1911, he was promoted to take charge of the 
geological galleries of the Royal Scottish Museum ; 
and when the Geological Survey and Museum was 
reorganized in 1920 under the directorship of (Sir) 
John 8. Flett, he returned with Flett from Edinburgh 
to London, this time as curator. The Museum and 
Library at 28 Jermyn Street, built in 1851, had long 
been a reference centre for economic geologists and 
mining engineers, and a rapid growth of the collections 
there reflected McLintock’s ever-helpful advice to 
the many that sought it. 

In 1927, the Royal Commission on Government 
Museums recommended the transference of the 
Museum of Practical Geology to South Kensington, 
and under Flett’s direction McLintook spent the 
following years in planning the new Museum. His 
clear-cut and revolutionary ideas on the need for a 
popularization of geology found small support in a 
tour of European institutions and met with little 
encouragement in some academic quarters at home ; 
but a happy co-operation with H.M. Office of Works 
enabled him to achieve his ideals when the Geological 
Museum was opened to the public in 1935, at the 
centenary of the Geological Survey. Nothing in 
recent years has done more to promote the study of 
geology in Britain. From an attendance of 18,000 
a year in Jermyn Street, the annual number of visitors 
goon soared to more than 250,000 and to-day exceeds 
300,000. . 

When war came, the Museum was taken over as 
headquarters of the London Civil Defence Regional 
Organization, and the collections and library were in 
part dispersed to the country. McLintock, then 
deputy director of the Geological Survey, became 
responsible for the administration of the Survey’s 
war effort, initiating departments dealing with raw 
materials for atomic energy, exploration geophysics, 
underground storage of petroleum, and other strategic 
fields. By 1945, when he succeeded as director, he 
had plans fully prepared to meet the heavy tasks of 
re-organizing the Survey on a much-expanded peace- 
time programme and rapidly restoring the Museum 
to public service. On completion of this work he 
resigned in October 1950. 

MoLintock’s publications include a variety of papers 
on Cornish and Devon minerals, and on the zeolites 
of Mull ; a model account of the Strathmore meteorite, 
the flight of which he himself observed from an Edin- 
burgh street and which he acquired for the national 


collections the next morning: a guide to the Geo- 
logical Museum’s collection of gemstones, now in its 
third edition ; and a petrographical study of unusual 
pseudo-igneous rocks collected by him in Persia, 
which were shown to be sediments fused in the com- 
bustion of oil and gas seepages long since extinguished. 
In a long and fruitful collaboration with Dr. J. 
Phemister, he organized and carried out pioneer 
gravitational and magnetic surveys at many localities 
in Britain, to demonstrate the usefulness of 
geophysical methods in geological exploration. 

Many will recall the brilliance and pungency of his 
conversation, the precision of his long memory, the 
independence of his judgment, and the sharpness 
with which he devastated all that was hollow and 
unsound ; but perhaps those colleagues who shared 
with him the long night watches ın war-time London 
appreciated best his unswerving loyalty to the 
Geological Survey and unselfish devotion ‘to the 
interests of its staff. He died suddenly in Edinburgh 
on February 21, following a happy decade of retire- 
ment, with his wife, in the Perthshire countryside. 

©. F. Davipson 


Prof. S. A. Mitchell 


Pror., SAMUEL ALFRED MITORELL, formerly director 
of the Leander McCormick Observatory, died in his 
eighty-sixth year at Bloomington, Indiana, on 
February 22. Born at Kingston, Ontario, he gradu- 
ated at Queen’s University, Kingston, in 1894, 
took a degree at Johns Hopkins University and 
became instructor and professor of astronomy at 
Columbia, University. In 1912, he was appointed 
director of the Leander McCormick Observatory, 
Virginia, a post that he held until his retirement in 
1946. 

His chief work there was the determination of stel- 
lar parallaxes by photographic methods. He was a 
member of the Commission on Stellar Parallaxes 
of the International Astronomical Union from its 
foundation and followed Schlesinger as chairman of 
the Commission in 1828. He was also a member of 
the Commissions on Variable Stara, Solar Physics 
and Solar Eclipses. He was chairman of the last- 
named Commission from 1935 until 1960 and remained 
a member of it until 1958. 

It is for his work on eclipses and on his speciality 
throughout, the chromospheric spectrum, that Mitchell 
will be best remembered. He went on ten eclipse 
expeditions—four m the United States and one each 
in Sumatra, Spain, Norway, Niauafoou (or Tin-can 
Island), Canton Island and Canada; in only three 
cases were the eclipse observations entirely spoilt 
by clouds—California in 1923, Norway in 1927 
and Canada in 1932. Probably he saw the corona 
on more occasions than any one else. His book 
“Eclipses of the Sun” gives an account of his experi- 
ences. . 

Mitchell received the Watson Gold Medal of the 
U.S. National Academy of Sciences and was elected 
an associate of the Royal Astronomical Society in 
1933, shortly after he had become qualified by 
naturalization as a citizen of the United States. 
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Thereto hangs an amusing story. When he married 
he was still a Canadian, and according to the law of 
the United States at that time his wife became a 
Canadian. Later he became naturalized as an 
American citizen, but the law had meanwhile been 
altered and the wife’s nationality no longer followed 
her husband’s; Mrs. Mitchell remained a Canadian 
under United States law but became American under 
British law. Later, wishing to visit her son, who was 
studying in England, she had to be naturalized as an 
American citizen in order to get a passport to come to 
England ! F. J. M. Srrarron 


Dr. George A. Edwards 


GEORGE A. EDWARDS, associate research scientist 
m micromorphology, at the Division of Laboratories 
and Research, New York State Department of Health, 
died in Albany on March 1, at the age of forty-six. 
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Dr. Edwards was a graduate of Tufts University 
1939, and received his Ph.D. in biology from Harvard 
University, -1947. Prior to going to the New York 
State Department of Health in 1956, Dr. Edwards 
had been professor of general physiology, co-ordinator 
of research, and co-founder of the Marme Biological 
Laboratory, University of São Paulo, Brazil, from 
1952 ; he was a corresponding member of the Brazilian 
Academy of Sciences. 

In the Second Worl® War, Dr. Edwards was 
aviation physiologist attached to the Air Force in 
the development of equipment for high-altitude flying 
and survival techniques for air-sea rescue. Dr. 
Edwards did extensive research on nerve and muscle 
physiology, pharmacology, and morphology. His 
recent publications in electron microscopy included 
also studies of the ultra-structure of several dimorphic 
pathogenic fungi and the micromorphology of human 
bronchogenis carcinomas. 


NEWS and VIEWS 


Physics at Liverpool: Prof. J. M. Cassels, F.R.S. 


Pror. J. M. Cassers has been appointed to the 
Lyon, Jones chair of physics at the University of 
Liverpool in succession to Prof. H. W. B. Skinner, 
who died in January. Prof. Cassels was educated at 
Rochester House School, Edinburgh, St. Lawrence 
College, Ramsgate, and Trinity College, Cambridge. 
Although best known for his many contributions to 
high-energy physics, his earliest work was performed 
at the opposite extreme of the energy-scale in nuclear 
physics when he carried out an elegant and painstak- 
ing research in the scattering of very slow neutrons 
by solids, using the Cavendish Laboratory cyclotron 
in collaboration with R. Latham. His introduction 
to high-energy physics was at the Atomic Energy 
Research Establishment, Harwell, where he worked 
with the 175-MeV. protons of the synchrocyclotron 
between 1949 and 1953, producing many papers on 
nucleon-nucleon scattering and high-energy nuclear 
interactions. From there he moved to the bigger 
synchrocyclotron at Liverpool, first as a lecturer and 
in 1956 as professor of experimental physics. His 
main research intereste were now in pion physics, 
and he built up a strong group working in this field. 
He was elected to the Royal Society at the early age 
of thirty-four. In 1959 he took an appointment at 
Cornell University with R. R. Wilson, where he has 
been using the 1-2-Ge¥V. electron synchrotron in elec- 
tron scattering experiments. He was closely associ- 
ated with CERN during its earliest days, and has 
maintained close contacts with high-energy physics 
at the Atomic Energy Research Establishment and 
the Rutherford Laboratory. 


Metallurgy at Leeds : Prof. J. Nutting 


Prov. J. Notring, who succeeds Prof. N. J. Peteh 
(see Nature, 183, 1643; 1989) in the char of metal- 
lurgy in the University of Leeds, was educated at 
Mirfield Grammar School, Yorkshire (1935-42), and 
then at the Department of Metall , University of 
_ Leeds (1942-45), where he was awarded the degree 
of B.8e. with first-class honours in metallurgy. During 
the period 1945-48 he worked under the late 
Prof. Preece on the overheating and burning of steel 
and was awarded the degree of Ph.D. in 1948. He 


then went to Cambridge and worked for one year in 
the Cavendish Laboratory as a scientific officer for 
the British Iron and Steel Research Association 
and there joined with Dr. V. E. Cosslett and Prof. 
E. Orowan on the development of techniques for 
applying the electron microscope to metallurgical 
problems. In 1949 he became a demonstrator, and 
in 1954 a University lecturer, in the Department of. 
Metallurgy, University of Cambridge. For the past 
twelve years he has worked on problems of phase 

in both ferrous and non-ferrous alloys and 
on the relation between phase changes and mechanical 
properties of alloys. He has been particularly 
interested in electron microscopy and its application 
to these problems of alloys. He has travelled and 
lectured widely at scientific conferences and in 1951 
was awarded a Nuffield travelling fellowship to visit 
Canada and the United States. 


A New British Computer 

On April 6 there was demonstrated m London the 
first commercially built British digital differential 
analyser. This machine, the Corsair, has bean 
produced as the result of the joint activities of the 
Royal Aircraft Establishment, Farnborough, and 
Semiconductors, Ltd. The differential analyser as 
such is an old device, but the use of digital circuits 
to perform the operation of integration has infused 
it with new life and accuracy. The main attraction 
of a differential analyser, considered as an analogue 
device, is that it performs continuous operations 
such as integration at a much higher rate than is 
possible with a programmed digital computer. 
Analogue computing elements are, however, maccur- 
ate, and it is difficult to attain precisions of more 
than about 1 per cent. The digital differential 
analyser overcomes this trouble by reducing the 
integration to digital summation, because this can 
be performed simply and at very high speed. In 
digital circuits accuracy is no problem, so that the 
Corsair is able to attain an accuracy of better than 
0-01 per cent, which quite outclassea purely analogue 
devices. 

The new computer uses about 2,000 transistors of 
which nearly 700 are of the surface barrier type, the 
characteristics of which permit the direct current 
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connexion of various elements with consequent 
saving of complexity and space. The machine has 
the rather large number of 50 integrators, which gives 
it great power and versatility, its physical size is 
quite small—-about 20 c. ft.—and its appearance is 
attractive and neat. When it is produced in quantity, 
it should prove an invaluable research tool in univer- 
sities, colleges of technology and in industry. It is 
pleasant to see that Britain has now entered this 
important new field. i 


Imperial Chemical Industries, Ltd. 


A NEW ammonia plant, with a capacity of 100,000 
tons @ year, and associated plants to make urea and 
fertilizers is to be built at Imperial Chemical Indus- 
tries, Ltd., Severnside Works in south Gloucestershire, 
at a cost of upwards of £10 millions. This plant is 
expected to start production during 1963. This is 
the second important project that Imperial Chemical 
Industries has decided to construct on the new 
1,000-acre Severnside site. The first, announced in 
February, will involve the construction of plants to 
make ethylene omde and ethylene glycol, costing 
£5 milions. Imperial Chemical Industries has 
also decided to extend the methanol plant at its 
Heysham Works in Lancashire. A new plant to 
make 30,000 tons a year began production there only 
a few months ago. A further extension to make an 
additional 45,000 tons a year is now to be built, and 
is expected to be completed during 1962. Methanol 
is an important raw material for the plastics industry. 


Scientific and Technical Services in Rhodesia and 
Nyasaland 


A rst has recently been published of government 
and statutory bodies concerned with scientific 
research and technical services in the Federation of 
Rhodesia and Nyasaland, giving in brief the history, 
functions, organization, location and establishment of 
each (Government Organizations and Statutory 
Bodies concerned with Scientific Research and Tech- 
nical Services in the Federation of Rhodesia and 
Nyasaland, 1959. Pp. 80. Salisbury: Office of the 
Federal Prime Minister and External Affairs, 1959). 
Research within the Federation is treated as a “‘con- 
current subject”, that is to say, that both the Federal 
and Territorial Governments have power to legislate 
in this field. The Federal Government obtamed the 
services of Mr. D. G. Kingwell, of the South African 
Council for Scientific and Industrial Research, to 
report on the development of science in the Federa- 
tion. Mr. Kingwell’s recommendations have been 
adopted, and a Research Act has been brought into 
operation which is designed to promote scientific and 
industrial research, including agricultural, veterinary 
and tsetse research, to establish a research foundation 
and to provide for the establishment of research 
councils. 


Organization of Medical Care 


A BEPORT by a World Health Organization Com- 
mittee on medical care embodies the opinion of a 
group of experts from several countries, representing 
public health administration, hospital administration, 
medical practice, health insurance and voluntary 
agencies, on measures for “the organization and 
co-ordination of comprehensive preventive and cura- 
tive medical care services provided to the individual 
outside the hospital wards” (World Health Organiza- 
tion. Technical Report Series No. 176: Rolo of 
Hospitals in Ambulatory and Domiciliary Medical 
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Care—Second Report of the Expert Committee on 


Organization of Medical Care. Pp. 32. (Geneva: 
World Health Organization; London: H.M. 


Stationery Office, 1969.) 1 Swiss franc; Is. 9d. ; 
0-30 dollar.) The scope of such services is considered 
to cover ambulatory care in out-patient departments, 
domiciliary care, after-care and medical rehabilita- 
tion. While recognizing that the degree of co-ordina- 
tion possible will depend on national or local condi- 
tions, the Committee considers that the establishment 
of a central authority with planning and advisory 
powers would facilitate the rational siting of services 
and maintain the standards of both the care given 
and the equipment available. The main out-patient 
services which would be expected to contribute to 4 
programme of ambulatory and domiciliary medical 
care are defined, and their functions indicated. They 
are: dispensaries, polyclinics, out-patient depart- 
ments, health centres, medical practitioners, indus- 
trial medical services, medical rehabilitation centres, 
and intermediate institutions such as day-hospitals 
and night hostels. It is emphasized that continuity 
of care is of the utmost importance; this involves 
provision for an easy transition from domiciliary 
and ambulatory to hospital care, and back to the 
physician first concerned with the case. 


The National Research Development Corporation 
of India 


TEs fifth annual report and statement of accounts 
of the National Research Development Corporation 
of India covers the period ending March 31, 1959, 
and records sustained progress (pp. 23. New Delhi: 
National Research Development Corporation of 
India, 1959). Commercial production from several 
patents and processes licensed in previous years has 
already commenced and twenty-four licences were 
negotiated compared with seventeen in the previous 
year, and five processes went into production. 
Development expenditure on projects already sanc- 
tioned amounted to Rs. 3.91 lakhs, and gross income 
from premiums and royalties moreased to Rs. 1.66 
lakhs. Marketing of ‘Hykol’ brand activated carbons 
produced at the Regional Research Laboratory, 
Hyderabad, commenced, and mica insulating bricks 
and carbons produced by Corporation licencees have 
been used in the Bhilai steel plant. During the year 
56 inventions were reported for development by 20 
research institutions, bringing the total of reported 
inventions to 503. Projecta for the refining of cotton 
seed ol and the production of copper chlorophyll 
from mdigenous raw materials were completed, and 
progress is reported in the projects for phthalic 
anhydride, de-ionization of cane juice, white cement 
from feldspar, and the fluidized-bed technique for 
textile processing. 

Inventory of Economic Studies in Africa 


THe Commisaion for Technical Co-operation in 
Africa South of the Sahara has issued an annotated 
reading list of books, articles and official publications 
since 1945 dealing with economics in Africa (OSA/ 
CCTA Publication No. 30; Joint Project No. 4: 
Inventory of Economic Studies concerning Africa 
South of the Sahara—an Annotated Reading List 
of Books, Articles and Official Publications. Pp. 
x1+301. (London: Commission for Technical 
Co-operation in Africa South of the Sahara, 1960)). 
The inventory, which has been edited by Miss Peter 
Ady on the basis of information collected by a panel 
of national correspondents in economics, is the out- 
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come of the adoption by the Commission ın 1957 of the 
recommendation of a Specialist Commuttee in Econom- 
ics. Its 1,377 entries are confined almost entirely to 
publications dealing specifically with African regions 
or countries, but it has proved unusually difficult to 
draw the line between economics and anthropology 
and between political economy and politics. The 
entries are arranged alphabetically by author, 
first, geographically, under Africa General; Belgian 
Congo; French Republic and Community; Portu- 
guese Africa; Spanish Africa; British Africa ; 
Ghana, Central Africa; and South Africa. Within 
these sections the entries are classified by subject 
and there is an author index. Entries and annotations 
are in English and French. 


Museum and Art Gallery, Durban 


THe annual report of the Durban Museum and 
Art Gallery for the municipal year 1958—59 records 
that curatorial work has mainly centred on the new 
Marine Hall (pp. 19. Durban: Durban Museum and 
Art Gallery, 1959). The exhibits of sharks, rays, 
skates, turtle and Cape sealion have been installed 
and work on a large exhibit of the major game fishes 
of the Natal coast is nearly complete. ` After many 
experiments plastic has been used to good effect in 
these recent marine displays. The output of research 
work on the collections by the staff remains at a high 
level. Display and storage accommodation at the 
Old House Museum (which serves as a branch Folk 
Museum) is now so limited that serious consideration 
must be given in the relatively near future to the 
provision of an additional building, either as a separate 
entity in the grounds or as a wing of the Old House. 


Field Studies Counci! 


Mmasurep by the quality of the courses conducted, 
the number of students attending the centres, and the 
financial outcome of the year’s operation, the report 
of the Field Studies Council for 1958-59 is again one 
of continued progress. (Pp. 34+ 4 plates. London: 
Field Studies Council, 1960.) Over the past nine 
years the total number of bookings at the Centres 
bas risen from 3,483 to 7,903. Of these, more than 
half were students of biological subjects, 4nd more 
than a quarter of geographical and geological subjects. 
A surprising number of those attending took courses 
m art and archeology. Well over half the students 
attending were from grammar schools but, regret- 
tably, the numbers attending from secondary modern. 
schools remained very small; this is a matter to 
which education authorities should be asked to pay 
closer attention. Because of the estabhshment of a 
new centre at Slapton Ley, the Ministry of Education 
generously agreed not to carry out its declared 
intention progressively to reduce the £5,000 annual 
grant. The reduction will now begin next year and 
will not lead to much embarrassment. Further 
information concerning the work of the Council can 
be obtained from Mrs. F. H. C. Butler, Ravensmead, 
Keston, Kent. 


Reference Books on Mineralogy In the U.S.S.R. 


Tae Academy of Sciences of the U.S.S.R. is plan- 
ning to publish in 1959-65 a collection of reference 
books on mineralogy. The subjects covered by the 
projected volumes are as follows: Vol. 1, introduction, 
native elements, intermetallic compounds, arsenides 
and antimonides, sulphides; Vol. 2, haloids; Vol. 3, 
silicates (part 1}; Vol. 4, silicates (part 2); Vol. 5, 
niobates and tantalates, carbonates, nitrates, borates, 
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sulphates ; Vol. 6, phosphates, arsenates and vana- 
dates, tungstates, molybdates, etc. ; Vol. 7, diagrams 
Wlustrating phase equilibria important in mineralogy. 
The size of each volume is estimated to be 500 pages 
and the price 38~40 roubles. This collection of refer- 
ence books will be prepared under the auspices of the 
Institute of the Geology of Ore Deposite, Petrography, 
Mineralogy and Geochemistry, and of the Mineralogi- 
cal Museum of the Academy of Sciences. 


Scientific Bibllography of Latin America 


Tue Conference of Latin American Scientific 
Experts convened by the United Nations Educa- 
tional, Scientific and Cultural Organization at 
Montevideo in September 1948 requested the 
preparation of a Latin American biobibliography 
(Unesco: Centro de Cooperacion Cientifica para 
America Latina. Scientific Institutions and Scientists 
in Latin-America. Paraguay (ler Volumen). Pp. 
u-+93. Chile (2° Volumen). Pp. ii+40. Montevideo : 
Unesco, Centro de Cooperacion Cientifica para 
America Latina, 1959). The preparation of this was 
undertaken by Unesco’s Field Science Co-operation 
Office for Latin America in collaboration with Ibero- 
American. organizations, and Vol. 1 contains a first 
list of Paraguayan scientists and scientific organ- 
izations. Scientists are listed alphabetically, with 
particulars of their qualifications and experience and 
publications. Vol. 2 gives similar data for institutions 
and scientists in Chile. 
lonosphere over Belgium during the International 

Geophysical Year 

THE Royal Meteorological Institute of Belgium has 
been publishing monthly bulletins of the ionospheric 
observations taken at the station of Dourbres (lat. 
50° 06’ N., long. 04° 36’ E.) during the International 
Geophysical Year (Royal Meteorological Institute 
of Belgium, Avenue Circulaire, 3, Uccle, Brussels, 18). 
An automatic ionosonde of the U.S. National Bureau 
of Standards type O-2 was used; this sweeps over 
the range of frequencies from 1 to 25 Mco./s. in 30 sec., 
emitting 30 pulses per sec. of 50 psec. duration. 
The peak power transmitted ıs about 10 kW., from 
one of two vertical rhombic aerials used for the lower 
and upper parts of this frequency range (1-4 and 
4—25 Mc./sec.). On normal days, soundings are made 
at about fifteen-minute intervals; but during the 

World Days and Special World Intervals of 
the International Geophysical Year, soundings were 
made every five minutes. 

The bulletins of Ionospheric Observations taken 
during July—October 1958, inclusive, have recently 
been issued. These are similar in form to those issued 
for the preceding months of the International Geo- 
physical Year; and contain graphs of the median 
monthly values of the heights and critical frequencies 
of the E, F1 and F2 regions, and also curves showing 
the percentage of the total time during which the 
critical frequency of the sporadic Es layer exceeded 
the limiting values of 3, 5 and 7 Ma./sec. In addition 
to these graphs, the individual hourly observed values 
are given for the F2, F1, E and Hs layers. Additional 
tables give the maximum usable frequencies for radio 
transmission. over & distance of 3,000 km. by the F2 
and Fl layers, and other values relating to the height 
and critical frequency of the sporadic E region. The 
symbols used throughout the bulletins conform with 
the decisions of the Union Radio-Scientifique Inter- 
nationale/International Geophysical Year sub-com- 
mittee on Ionospheric Soundings. 
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Modern Explosives 


NUMBER 5 of the Royal Institute of Chemistry 

“Lectures, Monographs and Reports, 1959” covers the 
subject of modern explosives (by the late Dr. 
Wilfrid Taylor. Pp. 63. London: Royal Institute 
of Chemistry, 1959. 6s. net). It is a well-balanced 
review of modern chemical explosives, written by 
one of the most distinguished research workers on 
the subject who, until his death in 1958, was for 
many years in the Research Department of the Nobel 
Division of Imperial Chemical Industries, Ltd. It is 
an excellent mtroduction for the chemist, physicist 
or engineer, to the scientific basis of the development 
of chemical explosives. Dr. Taylor describes in suc- 
cession the early history of the development of high 
explosives, the properties sought from explosives, the 
chemical composition of the more important indi- 
vidual explosives and of the various commercial 
mixtures developed from them to suit various 
requirements. He follows with sections on the 
physical phenomena of detonation {velocity of 
detonation, temperatures and pressures developed 
during detonation), and on the precise physical action 
of explosives in breaking rock and coal. Next is a 
brief but useful statement of the hydrodynamical 
theory of detonation, followed by a discussion of 
modern views of reaction mechaniams in detonation. 
A special section is devoted to coal-mining explosives, 
which have to reach the highest possible safety 
against the danger of ignition of fisedamp and coal 
dust. The whole subject is condensed into sixty very 
readable pages, with a couple of pages of references 
carefully selected from among the thousands of 


original papers on the subject. 


A Radlocarbon Dating System using Scintillation 
Techniques 


A PROCEDURE for radiocarbon dating, based on the 
use of scintillation techniques, is described by C. F. G. 
Delaney and I. R. MoAulay (Sct. Proc. Roy. Dublin 
ac., A, 1, No. 1; 1959. 4s8.). The method involves 
the conversion of the sample into methyl alcohol, 
which is then mixed with a liquid scintillator and its 
radiocarbon activity measured, in a quartz cell, using 
an arrangement of two photomultipliers in coincid- 
ence. The overall yield in the chemical preparation 
is about 45 per cent, and the purity of the methyl 
alcohol is checked by gas-phase chromatography. 
The background counting-rate is reduced by the use 
of massive screening combined with the application 
of the technique of pulse-height selection to the out- 
pute of the photomultipliers. In this way, a back- 
ground of 13-6 c.p.m. is obtained, and the net 
counting-rate for contemporary material] is 20-6 o.p.m. 
above this value, Thus, when using a counting 
period of 17 hr., results of significance to 30,000 years 
are obtainable. The weight of sample required 
(equivalent to about 15 gm. carbon) is rather large 
compared with the requirements of most of the 
methods in current use, nearly all of which are based 
on proportional gas-counting techniques. However, 
this method, unlike those based in gas counting, has 
the advantage that it is not dependent on supplies 
of liquid air (which is not readily available in Dublin). 
Moreover,- the preparative chemistry is relatively 
simple, and less steel screening is required than is 
necessary in most arrangements using proportional 
counters. The initial dating programme was con- 
cerned with the dating of vegetational changes 
detected by pollen analysis in a = column from 
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Redbog, Co. Louth, and the results of these measure- 
ments are presented. 


X-Ray Studies of Some Carbonized Coals 
In a recent paper, R. Diamond has described a 
notable advance in the X-ray study of carbonaceous 
materials (Phil. Trans. Roy. Soc., 252, 193; 1959). 
The paper reviews the author’s detailed work with 
P. B. Hirsch on the X-ray examination of a range of 
coals carbonized up to 1,000° C., and brings together 
the analysis of variations in aromatic layer size 
distribution, mean C—C bond-length and molecular 
packing in a consistent model of the carbonization 
process. The approach to the problem of aromatic 
layer size distribution is particularly interesting not 
only because it is the first attempt of this kind, but 
also because of the elegance of the method. The 
author uses matrix methods in fitting a linear com- 
bination of theoretical intensity functions for graphitic 
layers of various size-groups to the observed X-ray 
intensities with the minimum total square error. The 
results are given as histograms showing the percent- 
ages by weight of material associated with each 
size-group. It would seem that this ‘resolution’ is 
approaching the limit attainable by X-ray analysis 
of these complex disordered materials. This” is 
brought out in Diamond’s careful discussion of the 
significance of layer diameter measurements when 
the structural model is modified to include edge 
groupings and departures of the aromatic layers from 
a truly graphitic structure. The structural chemist 
will want to know more about the nature of the 
aromatic systems as well as other features which 
X-ray analysis cannot elucidate, but the facts brought 
to light in this work should appreciably limit the 
range for conjecture in a field where it has inevitably 
been. wide. 


Culture of Salmon and Trout 


In many parts of North America, the culture of 
trout and salmon is carried out on a large scale, 
and a bulletin recently issued by the Department of 
Fish and Game for the State of California deals 
briefly with many aspects of hatchery practice 
(No. 107: Trout and Salmon Culture—(Hatchery 
Methods). By Earl Leitritz. Pp. 169. Sacramento : 
Printing Division, Department of Fish and Game, 
1959. 2 dollars). The sections on feeding practices 
and the treatment of disease serve to illustrate how 
new methods and techniques have been introduced 

ing the past ten or fifteen years. Comprehensive 
feeding schedules have been developed from actual 
production records, and in this way the fish are 
adequately fed with a minimum of waste and the 
minimum amount of labour. Various anmsthetics 
have been employed as an aid in tagging, taking 
of spawn and the transportation of fish. Until 
recently, urethane (ethyl carbonate) was perhaps 
the most common anesthetic used in fishery work. 
However, teste with mammals have shown that 
this substance could be carcinogenic after prolonged 
and repeated exposures. Because of this risk to 
fishery workers, urethane is no longer’ used as a 
fish anesthetic in California. As an alternative, 
MS 222 (tricaine methane sulphonate) is in common 
use both in the United States and Europe. 

This book was prepared at the request of many 
of the Department’s fish hatchery personnel, and 
naturally it is concerned mainly with the culture of 
rainbow trout and certain species of Pacific salmon. 
However, it contains much useful data and practical 
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information, and would serve as a handy reference 
for anyone concerned with the rearing and care of 
salmonids m Britain. 


Late Precambrian Fauna in South Australia 


In 1947, R.C. Sprigg first described fossilized soft- 
bodied animals in what were then believed to be 
lower Cambrian quartzites near the Ediacara mining 
area, some 380 road miles north of Adelaide, South 
Australia. In view of its scientific importance, the 
area was proclaimed a fossil reserve in May 1958, 
under the contro] of the Minister of Education and 
the authorities of the South Australian Museum. In 
October 1988, M. F. Glaessner and B. Daily visited 
the area; they have now described its geology and 
remarkable fauna (Rec. South Austral. Mus., 138; 
July 1959). It is estimated that eight hundred fossil 
specimens have been collected from near the top of 
the Pound Quartzite at Ediacara. Work on this 
material ıs not complete ; but it is now thought that 
the fauna consists not only of meduse believed to 
represent the Scyphozoa and Hydrozoa, but also 
Anthozoa (Octacorallia), Annelida, and at least two 
entirely new types of invertebrates. One or more 
elements of this fauna show relations with the fauna 
of the Nama System of South Africa, and one with 
Charnia masoni Ford from Charnwood Forest, 
England. Glaessner suggests that stratigraphic and 
palsontological evidence supports the placing of this 
fauna ın the Late Precambrian rather than the Lower 
Cambrian. The fauna is marine, with both pelagic 
and benthonic elements, and the lithology suggests 
shallow water. All the forms appear to have been 
soft-bodied, and have been preserved as moulds and 
casts, almost entirely on the undersides of the flaggy 
quartzite beds. 


Evidence of Concurrent Translocation 


THE problems of translocation ın plants remam 
enigmatic and of perennial interest. Im a recent 
investigation, evidence that different kinds of trans- 
location take place concurrently has been obtamed 
by C. D. Nelson, H. J. Perkins and P. R. Gorham 
(Canadian J. Bot., 37, No. 6, 1181; 1959). The 
method used was to trace the pathway of photo- 
synthetically assimilated carbon-14 in the soya bean. 
They found that when the primary leaf of a soya 
bean plant was allowed to carry on photosynthesis 
in labelled carbon dioxide, a small amount of labelled 
carbon was~translocated downward into the root at 
a velocity of at least 5,040 cm. per hour. This 
velocity was fifty times greater than the velocity 
at which sucrose was translocated in the phloem. 
The rapidly translocated carbon-14 was not moved 
as carbon dioxide. When the time of translocation 
was increased from 30 sec. to 10 min. there was an 
increase in carbon-14 content of the root without 
any increase m carbon-14 content of the lowest part 
of the stem. Part of the carbon-14 was translocated 
through a steam-girdled stem, but under these con- 
ditions there was no accumulation in the root. This 
indicates that the rapid translocation of carbon-14 
occurred in both living and dead tissues of the stem. 
These results were correlated with the localization of 
carbon-14 in tissue autoradiographs of cross-sections 
of the stem to show that there were at least three 
pathways of downward translocation: (a) a slow 
translocation in the phloem ; (b) a rapid translocation 
in the xylem; and (c) a rapid translocation in either 
the cortex, the phloem, or the pith. 
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Grooved Rocks at Apoje, Nigeria 


A REPORT of some investigations on grooved rocks 
at Apoje, near Ijebu-Igbo, Western Nigeria, by 
William Fagg appeared in the December issue of Man. 
Only a few rocks were studied, but it would appear that 
there are many more in the region. The grooves, 
which are deep, wide and rounded, cannot be said 
to be anything in the way of figures, though circles 
and ellipses do occur. The problem naturally arises 
as to the age of these carvings and who made them. 
They do not recall other rock carvings described by 
H. Fosbrooke m Man during 1952, where it was 
shown that they were connected with initiation 
ceremonies. At the same time, these new finds are- 
too carefully made to be merely the result of grinding 
and polishing stone tools. The modern inhabitants 
hold them in reverence, and this would suggest a 
certain antiquity and the probability that they were- 
made by folk who preceded the ancestors of the 
present population. Maybe when other examples are 
discovered and studied the answer to these queries 
will become plain. 


Australopithecine Tools 


Bone tools at the Kalkbank Middle Stone Age 
site and the Matapansgat Australopithecine locality, 
Central Transvaal, are the subject of an article by Prof. 
R. A. Dart, Dr. Kitching and Revil J. Mason (Arch. 
Bull., 13, No. 51; Sept. 1958). For some time, 
Prof. Dart has been studying what kind of bones 
very early man selected for possible tool-making 
purposes. Such a selective process would indicate 
some degree of intelligence. If it can be shown that 
even the Australopithecine used bone for simple 
tool-making, and selected certain kinds of bones and 
perhaps preferred certain animals, then a little more 
can be suggested as regards the intelligence .of these 
lowly creatures. 


Nematology at the Imperial College of Science 
and Technology 


A NEw Nematology Laboratory for the Imperial - 
College of Science and Technology, London, to be 
built and equipped at the College Field Station at 
Silwood Park, near Ascot, Berkshire, at a cost of 
£30,000, will be the first university laboratory in the 
Commonwealth specifically staffed and equipped for 
research and training in this subject at postgraduate 
level. Shell International Chemical Co. is contmbut- 
ing £15,000 towards the cost of building and equipping 
the Laboratory which, it 1s hoped, will be completed 
in time for the new academic year beginning next 
October. Under Prof. B. G. Peters, who was 
appointed to a new chair of parasitology in Imperial 
College in 1955 (see Nature, 176, 145; 1955), work on 
nematology has been developmg, and a full-time 
one-year course in nematology was started in 1958. 


Fritz London Award for Low-Temperature Re- 
search 


Nominations for the second Fritz London Inter- 
national Award are being solicited from all low- 
temperature scientists by the selection committee 
for this award. ‘The first award was made to Dr. 
Nicholas Kurti, of the Clarendon Laboratory, Oxford, 
at the fifth International Conference on Low-tempera-. 
ture Physics and Che in Madison, Wisconsin, 
during August 1957. Ifa suitable candidate is found 
the award will be made at the seventh International 
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Conference on Low-temperature Physics to be held in 
Toronto during August 28-September 3. Further 
information can be obtamed from Dr. F. G. Brick- 
wedde, College of Chemistry and Physics, Penn- 
sylvania State University, Pennsylvania. 


The German Geological Association: Jubilee Meeting 


Toe Geologische Vereinigung held its jubilee 
meetung at Würzburg durjng March 12-14 and it was 
attended by more than four hundred geologists. The 
theme considered was orogens. Some thirty authors 
contributed, their papers being grouped under the 

i : time and matter in orogenesis, and 
structure and distribution of orogens. In the firat 
part the concept of geosynclines was discussed 
and the sedimentation, metamorphiem and the part 
played by magma withm them enlarged upon. In 
the second, special structures within mountain chains 
of five continents were described and the differences 
between those near, or on, the surface and those 
existing at depth were contrasted. The principal 
award of the Association, the Steinmann Medal, 
was made to Prof. H. H. Read, emeritus professor of 
geology in the University of London, for his outstand- 
ing contributions to geological science. 


Helminthological Society of Washington Anni- 
versary 


Tes Helminthological Society of Washington will 
observe its fiftieth anniversary on October 8. The 
scientific programme will be held in the University of 
Maryland, College Park, Maryland. A banquet will 
be held during the evening at the Naval Officers Club 
at Bethesda, Maryland. Dr. Chauncey D. Leake, 

, president of the American Association for the 
Advancement of Science, will be the speaker at a 
banquét to be held on that day. 


Wool Textile Research Conference 


THE second Quinquennial Wool Textile Con- 
ference is to be held in the United Kingdom during 
_ May 18-28. The conference, the theme of which is 
“Fibre Science’, is to be arranged by the U.K. 
Textile Institute and is to be held at Harrogate. 
Participants from other countries include: Aus- 
tralia, Belgium, Canada, Germany, Japan, Nether- 
lands, New Zealand, Norway, South Africa, Sweden, 
Switzerland and the United States. Further details 
can be obtained from the Textile Institute, 10 Black- 
friars Street, Manchester 3. 


Summer Meeting of the Illuminating Engineering 

Society 

Tue Dluminating Engineering Society is holding 
its biennial summer meeting at Harrogate during 
May 15-18. Three papers will be presented: ‘‘Pro- 
gress in the Field of Electric Lamps”, by H. G. 
Jenkins (General Electric Co., Lid.); ‘“‘Rationally 
Recommended Illumination Levels’, by H. C. 
Weston; ‘Plastics, Yesterday, To-day and To- 
morrow’, by C. L. Child (Imperial Chemical Indus- 
tries, Ltd.). Further information can be obtained 
from the Secretary, Illuminating Engineering Society, 
32 Victoria Street, London, 8.W.1. 


Announcements 


H.M. Tas Quzzy, who is Patron of the Royal 
“Society, will open the tercentenary celebrations of 
the Society at a meeting in the Royal Albert Hall on 
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the afternoon of July 19 (see Nature, March 26, 
p. 879). 


Dre. D. H. FoLLETT, keeper of the Department of 
Electrical Engineermg and Communications m the 
Science Museum, South Kensington, has been 
appointed director of the Museum in succession to 
Dr. T. C. 8. Morrison-Scott, who 18 succeeding Sir 
Gavin de Beer st the British Museum (Natural 
History) (see Nature, March 26, p. 888). Mr. D. 
Chilton has been appointed keeper of the Department 
of Electrical Engineermg and Communications. 


Mr. R. C. PALmER, deputy director of research to 
Griffin and George, Ltd., and associated companies, 
has been appointed director of research in succession 
to Dr. A. J. P. Martin, who wishes to concentrate in 
future primarily on fundamental research. Mr. 
Palmer was on the staff of the Wool Industries Research 
Association, Leeds, during 1937-51, after which he 
was appointed director of research of the South 
African Wool Industrial Research Institute. 


Mr. Lawrenoz Surron, formerly director of 
studies at Ashridge College, has been appointed 
education officer to the Institution of Works Mana- 
gers, 196 Shaftesbury Avenue, London, W.C.2. As 
such, he will collaborate with technical colleges 
running the Institution’s two-year traming course 
leading to the certificate in works management, of 
which more than a hundred were awarded in 1959. 


APPLICATIONS are invited for the Bowles Memorial 
Travel Scholarship. The object of the Scholarship ıs 
to enable the holder to travel abroad for the purpose 
of ether collecting plants for introduction to British 
gardens or studying practical horticulture in other 
countries. Applicants must be of the male sex, not 
more than twenty-eight years of age on January 1, 
1961, and have some academic connexion with 
horticulture. Applications should reach the Secretary, 
Royal Horticultural Society, Vincent Square, London, 
S.W.1, by September 30. 


UNDER the title “Postgraduate Courses 1960-61” 
the Imperial College of Science and Technology has 
issued a booklet giving particulars of postgraduate 
courses available leading to a degree or diploma and 
of shorter postgraduate courses (mainly lectures) for 
which, under appropriate conditions, certificates 
are also given (pp. xi + 113. London: Imperial 
College of Science and Technology (University of 
London), 1960). Many of the courses have been 
accepted by the Department of Scientific and Indus- 
trial Research as suitable for the tenure of Advanced 
Course Studentships, and grants for the courses in 
agricultural chemistry and nematology are awarded 
by the Ministry of Agriculture, Fisheries and Food. 


THe seventh General Assembly of the Inter- 
national Union for Conservation of Nature and 
Natural Resources will be held during June 15-24 in 
Warsaw. The Assembly is to be held jointly with 
the eighth Technical Meeting ; the final sessions will 
take place in Cracow. Further mformation can be 
obtained from the Secretariat of the International 
Union for Conservation of Nature, 31 rue Vautier, 
Brussels. 


Esratum. In the communication entitled 
“Methods for the Evaluation of the Antibacterial 
Activity of Surface-Active Compounds” in Nature 
of April 9, p. 132, col. 2, line 47, for “fate” read 
“fate”. The line now reads “The fate of micro- 
organisms in dishwater was investigated ...” ` 


+ 


No 4720 April 16, 1960 


NATURE 


207 


THE CARNEGIE INSTITUTION OF WASHINGTON 


HE report of the Carnegie Institution of Wash- 

ington, covering the year ended June 30, 1959, 
includes the report of the President, those of Depart- 
ments and Special Studies, to which bibliographies 
are appended, and the administrative reports*. In 
reviewing the work of the year, the President directa 
- special attention to the work of the Geophysical 
Laboratory and the Department of Terrestrial Mag- 
netiam and particularly that concerned with the 
mechanism of formation, the age and composition of 
Earth minerals. Using special equipment designed to 
reproduce conditions of temperature and pressure 
occurring within the Earth’s crust, studies of mineral- 
ogical changes at pressures up to 50,000 bars (equl- 
valent to a depth of about 150 km.) have shown that 
orthopyroxene (a calcium—magnesium-iron ailicate 
with manganese) and minerals rich ın alumina 
common in crustal rocks will react under conditions 
of temperature and pressure found in the mantle to 
form the magnesian garnet, pyrope. Experimental 
petrological examinations have been made of 
pyroxenes, garnets, biotites, amphiboles, spmels and 
feldspars and investigations of nickel-sulphur binary, 
iron~arsenic-sulphur and nickel-arsenic-sulphur ter- 
nary systems completed. The theory of ‘coloured 
space groups’ withm orystals was extended and the 
application of the extended theory to seven mineral 
compounds of the cubic type of crystal structure was 
studied. Chemical studies of the highly refractory 
substance kerogen have been directed at its mode of 
formation and structure, and pilot experiments 
indicated that glucose and glycine could be trans- 
formed to substances suggestmg asphaltme or even 
kerogen, but of different solubility, by incubating 
mixtures of them at 100° C. and pH values within 
the range which might have obtained in sedimentary 
rocks at the time of kerogen formation. 

The techniques of mineral datmg by nuclear clocks 
have been further extended and the ages of two or 
more co-existing phases in single rocks determined. 
Work on rocks in the Appalachian complex indicates 
that major geological events separated by very long 
intervening periods may be recorded by different 
minerals in the same rock. Further evidence has been 
obtained on questions of mountain building and it is 
now planned to make use of local earthquakes for 
crustal studies. The first station of a local network 
for detecting seismic disturbances planned for Peru, 
Bolivia, and Chile was installed near Arequipa during 
the year. These stations will be equipped with 
electronically operated seismic recorders requiring the 
minimum of attention. A study of the mechanisms 
of heat and electrical conduction of the Earth and 
their relations concentrated during the year on the 
photon energy absorption of ferromagnesium silicates 
showed that the strong ultra-violet absorption of 
iron-bearing olivines was correlated with the presence 
of iron in the minerals . - 

* Carnegio Institution of n Year Book No. 58, July 1, 
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In preliminary studies’ of all the non-thermal or 
‘noise-storm’ events occurring during the past two 
years on the Sun no correlation has so far been found 
between the ‘noise-storms’ and optical features. The 
solar observational programme was extensively 
revised on January 1, 1959, and many older types of 
observations were discontinued or drastically cur- 
tailed to allow systematic examination of the newly 
discovered weaker magnetic fields which cover much 


of the solar surface. Observations of Mars with the ' 


200-in. telescope in October 1958 by a guest investi- 


gator, Dr. W. N. Sinton, established the presence of | 


three distinct absorption bands near 3-5 microns, 
chiefly in the dark areas and only very weakly in the 
bright areas, and in approximately the same positions 
as are found the reflexion spectra of terrestrial plants, 
and providing the most suggestive evidence yet to 
appear for the hypothesis that the dark areas on 
Mars are caused by some form of plant life which 
develops seasonally in these areas. Four new super- 
noves were discovered during the year, two in nearby 
galaxies being bright enough for detailed observation. 


The chemical compositions of a large number of stars , 


have been studied, and the observations and those 
on colour-magnitude relations are being correlated 
with data on the generation of nuclear energy and 
energy transfer from star core to star surface, -and it 
is beginning to appear that the magnitudes and other 
properties of stars of a given class are affected sub- 


stantially by the large differences in chemical com- . 


position observed. The Committee on Image Tubes 


for Telescopes has reported thirty-fold reduction in 7 


exposure time with two types of image tube, one a 
single-stage tube, including a photocathode, pro- 
visions for electron optics, and a phosphor screen 
coated on mica, and the other composed of two simple 
one-stage image tubes cascaded in series, with the 
phosphor screen of the second stage bemg photo- 
graphed, using a fast-relay lens; but both types still 
have shortcomings. 

In the Department of Terrestrial Magnetism the 
Biophysics Section continues to devote much atten- 
tion to the study of ribonucleoprotein particles found 
in bacteria, and striking progress was made during 
the year in applying quantitative methods to such 
problems. Improved methods were developed for 
separating ribosomes of different sedimentation oon- 
stents by centrifuging through a sucrose density 
gradient, and by incorporating radioactive tracers in 
cells for very short periods it was possible to 
observe nascent protein which is associated with 
bacterial ribosomes for a short period before it is 
released aa a finished product. Bacterial ribosomes 
had the same function in protein synthesis as the 
ribosomes of higher organisms, but the speed of 
synthesis is about sixty times greater. The new 
measurements also confirmed the earlier hypothesis 
as to the nature of ribosome particles and” the 
intricacy of the synthesis of ribosomes. The nucleo- 
tide compositions of several classes of ribonucleic acid 
from Hecherichta cols were determined by isotope- 
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dilution techniques, using chromatographic and 
electrophoretic separations, and further information 
was obtained on the enzyme content of ribosomes, 
while the mechanism of protein synthesis was also 
studied through the ammo-acid analogue technique, 
and considerable information was obtained on the 
mechanism of amino-acid selection by cells. 

In the Department of Plant Biology it has been 
demonstrated that simultaneous absorption of light 
by chlorophyll a and chlorophyll b both increases the 
efficiency of light utilization by chlorophyll a and 
raises the initial photosynthetic rate after a dark 
period markedly over a situation when chlorophyll a 
alone is activated by light. Enhancement effects 
were also observed from alternate pulsing, in periods 
of 0-6-15 sec., of light sources of wave-lengths 
absorbed by chlorophyll a on one hand and chloro- 
phyli b on the other. Studies contmued on the 
characterization of the different forms of chlorophyll a 
occurring in living plants and additional evidence was 
sought for the differentiation of the three forms of 
chlorophyll a through fluorescence spectrography, 
differential bleaching and in other ways. By high- 
speed centrifugation in a liquid medium of graded 
density, protochlorophyll holochrome has been 
obtained relatively free from blue and ultra-violet 
absorbing contaminante and the transformation from 
protochlorophyll to chlorophyll was studied by observ- 
ing the degree of fluorescence of freshly forming chloro- 
phyll. Electron-microscopical studies of etiolated 
plastids showed that chloroplast lamelle will form in 
the absence of protochlorophyll, but the normal 
aggregation and close paring of the lamellar disks 
require the presence of chlorophyll. <A bacterial 
pigment with protochlorophyll-lke absorption prop- 
erties was © from a mutant of the purple 
bacterium, Rhodopseudomonas spherotdes. The gather- 
ing of essential data for the study of range grass 
hybrids of Poa is being concluded, and the investi- 
gations have revealed principles relating to the syn- 
thesis of new forms in apomictic genera by inter- 
. specific hybridization. A study on the genetic 
structure and evolution of the yarrows, members of 
the polyploid Achillea mtllefolkum complex, is also 
nearing completion, and studies on rates of photo- 
synthesis and respiration of two altitudinal races of 
Mimulus cardinals, one from sea-level near the coast 
of California and the other at middle altitudes ın the 
Sierra Nevada of California, have shown them to 
differ in the temperature optima and requirements 
for light saturation when functioning as intact 
plants. A device has been installed that can regulate, 
within a narrow range, the carbon dioxide in the ar 
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of a small chamber, thus permitting study of the 
effects of different concentrations of carbon dioxide 
on, plants and sumplifying the control of sir tempera- 
ture and relative humidity. In an analysis of the 
chromosome constitution of races of maize grown in 
Chile, Bolivia, Ecuador and Venezuela, a relation was 
found between the knob pattern and the geographical 
location of the race, which suggests that, under some 
conditions, a knowledge of the patterns of distribu- 
tion based on chromosomal-knob constitution may 
give valuable evidence of the origins and migrations 
and past history of some early races of Indian corn. 

The Department of Genetics has continued to focus 
attention on the structural and functional properties 
of genes and chromosomes, and it now appears 
that the suppressor—mutator system of control of 
gene expression in maize has some major resem- 
blances to the system controlling flagellar—antigen 
formation in Salmonella. Studies of the effecte of 
deoxyribonuclease on unfixed cells have shown that 
this enzyme enters the living cell and there brings 
about marked swelling and deformation of chromo- 
somes, sometimes without appreciable loss of deoxy- 
ribonucleic acid. Hybrids have been obtained of 
Salmonella typhimurium and E. cols, thus permitting 
comparison of the homology of their chromosome 
structure, and the chromosome of the bacteriophage 
T2 has been shown to consist of deoxyribonucleic 
acid, while the mechanisms of replication and recom- 
bination of genetic material in bacteriophages has 
also been investigated. 

Studies of the synthesis and interaction of specific 
macromolecules, in the Department of Embryology, 
have been specially concerned with tissue specificity, 
and further experiments in immuno-embryology sug- 
gest that there may be two stages in the development 
of the immune response, which may be experimentally 
separable. Continued study of immune response of 
new-born rabbits to injections of chicken liver and 
spleen homogenates suggests that animals not injected 
at birth respond strongly to a few major antigenic 
components, whereas the response of the treated 
experimental group is elimmated or reduced. A 
study of the effects of thyroxine upon the meta- 
morphosis of visual pigment of the eyes of the bullfrog 
tadpole afforded substantial support for the view 
that thyroxine acta directly on a rate-limiting factor 
in the eye itself. Encouraging results have been 
obtained in experiments on the inductive ability of 
tissue microsomes designed to elucidate incon- 
sistencies in embryonic induction, attributed to a 
failure of mbonucleic acid or ribonucleoprotein to 
reach its site of action. 


STATUS AND DEVELOPMENT OF THE 
TEACHING OF CHEMISTRY 


T the Organization for European Economic 

Co-operation’s Summer School for Science 
Teachers held in 1958 at Tutzing, Germany, the 
opinion was expressed that chemistry teaching in 
secondary schools has changed little since 1900 and 
that the present descriptive approach to the subject 
involves much memory work on the part of the 
student, and displays little of the scientific method. 
Tt was agreed that it was urgent that chemistry 


should be taught from the perspective of present-day 
theory and that so far as possible modern knowledge 
should be fed back to the school. As a result of these 
discussions the Organization for European Economic 
Co-operation’s Office for Scientific and Technical 
Personnel, which works under the direction of Dr. 
Alexander King, in co-operation with the Irish De- 
partment of Education, organi & seminar at Grey- 
stones, Co. Wicklow, during February 28—-March 10. 
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The objective of the seminar was to consider at a 
high level the preconditions and possibilities of: 
(1) a revision of chemistry teaching based on the 
knowledge of the atom; (2) pruning of the subject- 
matter in order to give more time to fundamentals 
without, however, neglecting adequate experimental 
work ; (3) teaching chemical principles in such a way 
that they play a part in traming the mtellect of the 
pupıl. The seminar was asked to come to conclusions 
concerning the specific steps required to provide the 
basis for a curriculum more fitted, intellectually and 
practically, to the needs of modern chemistry. 

The following countries were represented at the 
semimar: Austria, Belgium, Denmark, France, 
Germany, Greece, Iceland, Ireland, Italy, Luxem- 
bourg, Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland, Turkey, United Kingdom and United 
States. The participants comprised senior secondary 
schoo] teachers of chemistry, those with official 
responsibility for chemistry programmes (senior 
officials of education ministries, inspectors of educa- 
tion), representatives of teacher-training institutes, 
professors of chemistry. 

The proceedings were officially opened by Mr. 
Rafferty, secretary of the Irish Department of 
Education. Then followed the ‘Keystone Address’ 
of the chairman (Prof. T. 5. Wheeler, Dublin). He 
recapitulated the objectives of the seminar and 
reviewed the papers to be presented, which were as 
follows: “ Advances in Theoretical Chemistry since 
1900” (Prof. K. Grob, Zurich); “The Importance of 
Molecular Structure in Elementary Chemical Teach- 
ing” (Prof. J. Bénard, Paris); “The Requirements 
for Entry to University Departments of Chemistry” 
(Prof. W. Cocker, Dublm); “The Requirements for 
School-leavers entering the Chemical Industry” (Dr. 
A. K. Mills, Dublin); “The Principles underlying 
Recent Advances in Practical Chemistry” (Dr. R. J. 
Magee, Belfast) ; “The Co-ordination of the Teaching 
of Chemistry, Physics and Mathematics ın Secondary 
Schools” (Prof. M. Eurin, Paris); “The Teaching of 
Oxidation-Reduction and Acid-Base Reactions in 
Relation to the Electronic Atom” (Prof. A. Steiger, 
Zurich); “The Teaching of Chemistry to Students 
of 14-16 Years” (Dr. K. Stein, Bad Segeberg); “The 
Teaching of Chemistry to Students of 16-18 Years” 
(Dr. B. Borén, Stockholm) ; ‘“‘Pruning and Simplifica- 
tion of the Syllabus and the Teaching of Funda- 
mentals” (Prof. L. E. Strong, Richmond, Indiana) ; 
‘New Materials and Teaching Aids, Text-books, 
Films, Models” (Prof. J. A. Campbell, Claremont, 
California). 

The discussions were not confined to the set 
sessions, but were vigorous throughout the period of 
the seminar. Tuesday and the morning of Wednesday 
of the second week were devoted to the preparation 
of reports for transmission to the Organization for 
European Economic Co-operation. Owing to lan- 
guage difficulties, it was necessary to constitute three 
working parties (English and German; English and 
French ; English or French, simultaneous interpreta- 
tion). These parties were asked to make recom- 
mendations relating to two chemistry courses, one for 
students of 14-16 years and the other for those of 
16-18. It was assumed that some three hours a 
week would be available for the study of the subject 
and that there would be facilities for experimental 
work. 

It was realized that among countries conditions 
differ much as regards school-leaving age, facilities 
for practical work, time available for chemistry, and 


NATURE 


209 


qualifications of teachers. In addition, schools have 
to cater for those who hope to become chemists and 
for others who have done with their chemistry when 
they leave school. Nevertheless it was considered 
that reports of the type-envisaged would be of value 
to teachers anxious to modernize their courses, who 
could select to suit their needs. 

Each working party had two chairmen (morning 
and afternoon) who kept in touch with the chairmen 
of other groups to ensure a measure of unity 
in the three approaches to the problems under 
consideration, though it was not thought disadvan- 
tageous to have three sets of views on the subjects 
at issue. 

The reports were discussed at two plenary sessions 
ofthe semmar. It was agreed that the junior student 
should have his interest developed early m the 
constitution and properties of matter. Emphasis 
should be on observation, and formal definitions kept 
to a minimum. Methods other than the inductive 
arguments of Dalton should be used to develop the 
concept of atoms. The importance of space-filling 
models at all stages of instruction was stressed. 
The combustion of coke, the interaction of sulphur 
and copper, and similar systems can be employed to 
introduce the notions of chemical reactions, energy 
change, gaseous, liquid, and plastic systems, chemical 
equations and structural ideas. It is important that 
the student understand weight relationships and 
their correlation to chemical formule@ and equa- 
tions. 

For senior students atomic structure should be the 
framework of the course and not simply an additional 
chapter unco-ordmated with the rest of the chemical 
material presented. Thé Bohr—Rutherford atom 
provides a useful troduction ; the nature of bonds 
should be discussed and directional characteristics 


emphasized. The law of mass action and ‚chemical ... 


equilibrium should be treated in terms of reaction 
kinetics. The Brensted treatment of acid-base, 
equilibrium is recommended; redox systems can 
usefully be considered. Reaction mechanisms, 
thermochemistry and electrochemistry should also ` 
be treated in an advanced school course. So far as 
possible, phenomena should be related to structure ; 
consideration of ion size can be illuminating in the 
study of crystals. The concept of electronegativity 
can also be employed to advantage in the discussion 
of chemical reactions. 

Organic chemists should also be taught from the 
electronic point of view. The nature of single, double 
and triple bonds should be explained and the reactions 
of functional groups displayed in relation to their 
structure. The use of experimental results in the 
assignment of organic structures provides excellent 
examples of the application of the scientific method. 
If time permits, stereoisomerism should be dis- 
cussed. 

In all school courses the collection of a great 
number of facts about elements and compounds 
should be avoided. There 1s no necessity for system- 
atic treatment of elements; examples should be 
drawn. from the chemistry of one or more elements 
to illustrate a subject, for example redox systems, 
under discussion. Brief descriptions of technical 
processes should be introduced where they .are of 
value in illustrating chemical principles. In this 
connexion reference was made to the tendency for 
accounts of out-of-date plant to be retained in gchool | 
text-books. Properly prepared films and film strips 
can be of great help at all levels of instruction. 
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' The seminar stressed the necessity for providing 
teaching of physics and mathematics such that the 
chemistry student has at all stages a knowledge of 
these ancillary subjects adequate for his needs. 
Finally, it was suggested that the Organization for 
European Economic Co-operation bring the recom- 
mendations to the notice of the appropriate authorities 
in the member countries with a request for comments. 
After an appropriate time small working parties, 
constituted similarly to the seminar, should meet in 
Paris to consider such comments as are received and 
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to prepare manuals outli school courses in 
chemistry relating to : (a) lectures ; (b) demonstration 
experiments by teachers; (c) laboratory work by 
students. The necessity for devising means for 
training teachers capable of dealing with these new 
courses should also be considered. 

The participants in the seminar felt that ther 
discussion about a new approach to chemistry had 
been worth while, and that many concrete ideas of 
practical value had been elaborated. 

T. 8S. WHBELER 


WATER POLLUTION BY TRADE EFFLUENTS 


HE last two major Acts ın Britain governing the 

disposal of sewage and industrial effluents were the 
Public Health (Drainage of Trade Premises) Act of 
1937 and the Rivers (Prevention of Pollution) Act of 
1951; River Boards, which are responsible for con- 
trolling the discharge of polluting lquors to rivers, 
were set up by an Act passed in 1948. During the 
past few years, some of the provisions of the Acts of 
1937 and 1951 have led to much discussion ; a com- 
mittee, under the chairmanship of Sir Frederick 
Armer, set up by the Central Advisory Water Com- 
mittee, after hearing evidence from the many interests 
concerned with pollution of surface waters, has now 
reviewed the experience of the past twenty years, 
and has recommended some important changes in 
the law*. 

The Rivers (Prevention of Pollution) Act differ- 
entiated between discharges to streams already being 
made in 1951, and discharges made after that date. 
A River Board could control existing effluents in 
either of two ways: it could bring an action agaimstany- 
one discharging a “‘poisonous, noxious, or polluting” 
liquid, it being left to the Court to decide whether 


- the liquid could be so described, or it could make 


by-laws (which would require confirmation) covering 
& stream, or part of a stream, specifying standards 
of quality with which discharges would have to 
conform. It had been widely hoped and expected 
that River Boards would formulate by-laws, at 
least in industrial areas, since a manufacturer, for 
example, in designing a plant to treat a polluting 
liquor, clearly wishes to know the specification of the 
final effluent he is called on to produce. 

It has been found, however, to be very difficult to 
formulate by-laws, and in fact none has so far been 
confirmed and come into operation. Since any 
standards adopted were expected to apply to a con- 
siderable length of river, if not to the whole of a 
river system, the first difficulty was to draw up & 
specification of permitted effluents which might have 
to be applied to a wide range of industrial wastes, 
the composition of which might be unknown, even 
to the manufacturers, and which might be so complex 
in composition as to make routine chemical analysis 
impracticable ; an example would be a liquor arising 
from the cooling and washing of a town’s gas supply. 
This perhaps could have been overcome by examining 
liquors of whatever kind by a few comparatively 
simple tests, each designed to measure the effect of 


* Ministry of EE and Local Government: Central Advisory 

inal Report of the Trade Effiuents Sub-Committees 
ives Water Committee. Pp.iv+52. (London: 
H.M. Stationery Office, 1060.) .3a. 6d. net. 


the liquor on some property of a stream. Among 
those suggested were tests for pH value, toxicity to 
fish, and concentration of suspended solids and 
oxidizable matter. A greater difficulty is that it is 
umpracticable to treat all polluting liquors, par- 
ticularly industrial liquors, to give effluents of a 
common standard of quality—a point which, from 
internal evidence, was clearly in the minds of those 
who drew up the Act of 1951. 

Control of new or altered discharges brought into 
use after 1951 was, however, effected in a different 
way. Here a River Board could impose conditions 
on the nature and composition, and on the volume, 
of the discharges, each being considered separately. 
It was thus possible in each case to draw up a 
specification appropriate to the liquid to be dis- 
charged; for example, for a liquor from electro- 
plating. the maximum allowable concentrations 
of toxic metals and of cyanide would be specified. 
This machinery has worked very well, and since 
1951 agreement has been reached on the condi- 
tions of discharge of large numbers of new efflu- 
ents. 

The Committee now recommends that River 
Boards should be empowered (subject to appeal) to 
deal with all discharges, whether new or existing, by 
essentially the same procedure. It was recognized 
that the improvement of the quality of some rivers, 
particularly the more heavily polluted of them in 
industrial areas, will have to be a gradual process 
It 18 proposed, therefore, that a River Board should 
have powers to impose standards on effluents which 
could be reviewed later, and, if necessary, made more 
stringent. 

On the question of discharge of industrial wastes 
to sewers of a local authority, the chief change 
recommended is that, except where a contract is in 
force, the authority should now be empowered to 
make a charge for the treatment of liquors which 
have been discharged without major change since 
before 1937; under the Act of 1937 these acquired 
‘prescriptive rights’ and were exempt from pay- 
ment. All traders would have to furnish information 
to their local authorities on the volume and nature 
of effluents discharged to sewers 

The Committee took evidence from all the major 
interests concerned with the purity of streams and, 
on all but one matter (the private rights of a riparian. 
owner) have produced a unanimous report, which if 
implemented by legislation should greatly assist River 
Boards and local authorities in reducing the level of 
pollution of rivera in Great Britain. 
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IRIDIUM—PLATINUM ALLOYS 


R. A. S. DARLING has recently published a 

critical discussion of the constitution and proper- 
ties of the rrid1um—platinum alloys*. Until compara- 
tively recently it was generally believed that these 
metals were completely miscible in each other in 
both the liquid and solid states—the liquidus curve, 
lattice parameters, electrical resistivity and micro- 
structures all suggesting a continuous series of solid 
solutions. At the same time, there were other facts 
difficult to reconcile with such a view. As early as 
1886 Le Chatelier had observed a thermal abnormality 
in the 20 per cent iridium alloy around 700° C., and 
in 1940 Masing, Eckhardt and Kloiber settled the 
matter by showing that a natural crystal from the 
Urals had a well-defined two-phase structure. 

The true nature of the equilibrium diagram was 
finally established by Raub and Plate (Z. Metall- 
kunde, 47, 688; 1956), who showed that there is a 
miscibility gap with a maximum at 975° C. and 50 
atomic per cent. At 700° C. this gap extends from 7 
to 99 atomic per cent of iridium. That earlier workers 
had failed to appreciate the true state of affairs was 
due ‘to the extreme sluggishness of the change, 
annealing periods of the order of a year being required 
to establish “some semblance of equilibrium” in 
parts of the two-phase region. The most accurate 
method of determining this phase-boundary appears 
to be from measurements of electrical resistance. 

The strength and hardness of the alloys increase 
rapidly with the iridium content, 30 per cent raising 
the tensile strength from 10 up to 56 tons per sq. 
in, for the alloy quenched from 1,100° C., the 
Vickers Pyramid Number increasing seven-fold. 

+ Platinum Metals Rev., 4, No.1: Jan. 1960. 


Cold-working has an equally marked effect, and the 
tensile strength of cold-drawn 20 per cent iridium 
wire may exceed 100 tons per sq. in. Very high hard- 
ness values can, as would be expected from the 
diagram, also be produced by quenching followed by 
subsequent ageing, the 5@ per cent alloy quenched 
from 1,400° C. and reheated to 700° ÇC. for 15 hr. 
having a Vickers Pyramid Number around 500. It 
is not clear, however, whether the fully aged alloys 
retain. sufficient ductility to permit the hardness to 
be raised still further by cold work. 

Alloys contamuing up to 40 per cent of iridium have 
been hot-forged and even drawn, into wire, and when 
melted in the argon are, alloys of still higher iridium 
contents can be worked with difficulty. The presence 
of iridium considerably increases the resistance of 
platinum to corrosion, the 40 per cent alloy being 
virtually unattacked by boiling aqua regia. The 
high evaporation losses of these alloys at high tempera- 
tures ıs attmbuted to the volatility of iridium oxide, 
a matter of importance in connexion with their use 
in pyrometry. 

Among the more important uses of these alloys 
Dr. Darling mentions their applications in electrical 
contacts, precision resistors and potentiometer slide- 
wires. The 10 per cent iridium alloy used in combina- 
tion with a 40 per cent palladium-—gold wire which 

erates an electromotive force of 34 millivolts at 
600° C. forms a useful thermocouple for moderate 
temperatures. Bridge wires in electric detonators, 
fuses and cartridge igniters, the needles used for the 
initial perforation of diamond wrre-drawing dieg, 
suspensions for scientific instruments and hair-springs 
are other uses to which these alloys have been put. - 


DEVELOPMENT OF LEARNING IN THE RHESUS MONKEY 


URING the past five years Harry F. Harlow and 

his colleagues have conducted an integrated 

series of researches into the learning capabilities of 

rhesus monkeys from birth to intellectual maturity’. 

Control over the monkey’s environment has been 

achieved by separating the infants from their mothers 
at birth and raising them mdependently. 

Half a decade is too brief a period to establish a 
definitive programme on the maturation of learning 
ability in the rhesus monkey, particularly in the 
later age-ranges. Within this period of time, however, 
techniques and tests have been developed which 
demonstrate that such a programme is feasible. The 
monkey is capable of solving simple learning problems 
during the first few days of hfe, and its capability of 
solving ever-increasingly complex problems matures 
progressively, probably for four to five years. 

Early in life, new learning abilities appear rather 
suddenly within the space of a few days, but, from 
late infancy onward, the appearance of new learning 
powers is characterized by developmental stagee 
during which particular performances progressively 
improve. There is a time at which increasingly 
difficult problems can first be solved, and a con- 
siderable delayed period before they can be solved 
with full adult efficiency. 

* American Setentiat, 47, No. 4; December 1050. 


The monkey possesses learning capacities far in 
excess of those of any infra-human primate, abilities 
comparable to those of low-level human imbecules. 
The monkey’s learning capabilities give little or no 
information concerning human language, and only 
mcomplete information relating to t 

These are the generalizable limite of learning 
research on rhesus monkeys, but they provide an 
animal with vast research potentialities. There is a 
wealth of learning problems which the monkey can 
master, and at present the field ıs incompletely 
explored. The maturation of any learning function 
can be traced, and the nature and mechanisms under- 
lying interproblem and intertask transfer can be 
assessed. Great research potentialities exist in 
analysing the fundamental! similarities and differences 
among simple and complex learnings within a single 
species. The monkey is a subject ideally suited for 
studies involving neurological, biochemical and 
pharmacological correlates of behaviour. Rhesus 
monkeys can be raised under completely controlled 
conditions throughout a large part and, probably, all 
of their life-span, and the research of the future will 
probebly correlate the neurophysiological variables, 
not with the behaviour of the static monkey, but 
with the behaviour of the monkey in terms of onto- 
genetic development. 
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SCIENTIFIC RESEARCH IN ANTARCTICA 


HE Antarctic Treaty signed at Washington on 

December 1, 1959, by the British Government 
and by twelve others, all with interests, scientific or 
otherwise, in the Antarctic, including all. seven 
claimants to the Antarctic’s territories, recognized, 
in & preamble, that it is in the interests of all man- 
kind that Antarctica should continue to be used 
exclusively for peaceful purposes and should not 
become the scene or object of international discord. 
The Treaty also recognized the extreme importance 
of scientific work and the firm foundation for the 
continuation of that work resulting from the Inter- 
national Geophysical Year. 

In a short debate on the Antarctic in the House 
of Lords on February 18, opened by Lord Shackleton, 
who asked when the Government expected the Treaty 
to be ratified and what its policy was with regard 
to the future Antarctica, Lord Shackleton stressed the 
great value of the Antarctic as a source of scientific 
information. While that scientific interest had led 
to a remarkable degree of international co-operation, 
Lord Shackleton was somewhat concerned as to the 
possibility and effect of development, geologically 
and in other ways. In particular, he asked what 
provision had been made for the continuing dis- 
cussion contemplated under Article 9 of the Treaty 
and what type of administration the Government 
had in mind. The Bishop of Norwich, who asked for 
a Government assurance that the British contribution 
in Antarctic investigation and research under the 
Treaty would not be less than that at present existing, 
also stressed the value of Antarctic research in long- 
range weather forecasting, geophysics, glaciology and 
gome branches of biology ; and after a tribute to the 
work done by Great Britain in the past, he emphasized 


the value of the opportunity for international col- 
laboration in scientific work which the Antarctic 
offered. 

Lord Lansdowne, who replied for the Govern- 
ment, said that ıt hoped to ratify the Treaty at 
an early date and that the Government’s policy 
was to promote the basic ams of the Treaty. The 
Treaty should ensure the use of Antarctica for 
peaceful purposes only and it was hoped that it had 
established a firm foundation for scientific co-opera- 
tion. The Government would have preferred a more 
comprehensive system of administration, but this 
could not be achieved at the conference. The ques- 
tion of some form of permanent secretariat was now 
under discussion. On the exchange of strictly scientific 
information and the planning of research, which came 
under Article 3, the Government considered that 
governments should not attempt to supersede the 
existing organizations such as the Special Committee 
on Antarctic Research, which had been working 
effectively since 1958. This Article, in fact, said : 
“every encouragement shall be given to the estab- 
lishment of co-operative working relations with those 
Specialized Agencies of the United Nations and other 
ternational organizations having a scientific or 
technical interest in Antarctica’. He hoped we 
would continue to make full use of such recently 
created organization and of the Specialized Agencies 
of the United Nations. The Government expected 
the Falkland Islands Dependency Survey, which was 
& principal contributor to Antarctic research, to 
continue, and those people most immediately affected 
by the Treaty, such as observers, exchange scientists 
and their staffs were, in fact, covered by the juridical 
and administrative arrangements. 


VISUAL PIGMENT OF THE HORSESHOE CRAB, LIMULUS POLYPHEMUS 
By Cr, RUTH HUBBARD and Pror. GEORGE WALD 


Blological Laboratories, Harvard University, Cambridge, Mass. 


WING mainly to the work of Hartline, the eye of 
the horseshoe crab, Limulus, has long been a 
classic object for electrophysiological investigation. 
This was the first eye in which electrical responses 
were recorded from single visual receptors’. The 
large size of these units and the relative simplicity 
of their nervous connexions have permitted a degree of 
analysis not achieved with other types of visual 
element?. This growing body of electrophysiological 
information lends special interest to the chemistry of 
the underlying processes. 

We have now extracted the visual pigment of 
Limulus. This is the fourth arthropod visual pigment 
to be examined and the first such pigment obtained 
from an arachnoid. Two visual pigments have been 
extracted earlier from crustaceans, one from a 
euphausiid’, the other from a decapod, the lobster‘ ; 
and a Visual pigment has also been obtained i an 
insect, the honey- bee“. 


The principal results of our experiments are 
summarized in Fig. 1. From a fraction of the eye 
tissues which we believe consisted largely of frag- 
ments of rhabdomeres, we have extracted a photo- 
sensitive pigment with Amax. 520 mu. The chromo- 
phore of this pigment is retmene, We therefore 
consider it to be a rhodopsin. On exposure to light 
it bleaches to a mixture of retinene and opsin. This 
behaviour, characteristic of vertebrate rhodopsins, 
distinguishes the Limulus pigment sharply from 
certain other invertebrate rhodopsins—-squid, octo- 
pus, cuttlefish, lobster—which under physiological 
conditions do not bleach but yield in the lght 
relatively stable red-orange metarhodopsins, in 
which retinene remains attached as chromophore to 
opsin‘ s. 

The curve shown in Fig. l is a difference spectrum 
measured in the presence of hydroxylamine. This 
reagent combines with retinene, to form retinene, 
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Fig. Absorption spectrum of Inmwlus rhodopsin, compared 
with the spectral sensitivity ot the photoreceptors in vivo. Tho 
difference spectrum, measured in the presence of i Artes beg er 
shows the changes in absorption caused by Sx posure t. 
The positive changes (imax 520 mu) represent ihe 

visual pigment, and are aivalent to ite true absorption spectrum 
at waverlongtha longer 50 mu. The negative changes 
represent the formation of op (Amaz. 3 my) as 7 


oxime, with Amax. at 367 mp, which appears as a 
minimum in this figure. The use of hydroxylamine 
identifies the product of bleaching unequivocally as 
retinene,, and also makes the difference spectrum 
equivalent to the true absorption spectrum at wave- 
lengths longer than 450 my. (ref. 7). 

The points in Fig. 1 show the measurements by 
Graham and Hartline of the spectral sensitivity of 
photoreceptors in the eye of Limulus’. They are in 
good agreement with our absorption spectrum. 

Our first attempt to find a visual pigment in the 
Limulus eye involved large, sexually mature animals 
{about 12-15 om. across the carapace), collected on 
the beaches while mating. The eyes of these animals 
were highly sclerotic, and in most cases the corneas 
were virtually opaque, frequently heavily encrusted 
with algas, and sometimes perforated. On extracting 
these eyes, we found no photosensitive pigment or 
retinene, but obtained only a small amount of 
chlorophyll, presumably from the algae, and some 
carotenoid. 

We therefore began working with young Limulus, 
3-5 om. across the carapace, having pliable, amber- 
coloured shells, and transparent corneas. The animals 
were dark-adapted over-night and all procedures 
carried out in dim red light. A cut was made around 
the cornea, and the eye was lifted off. The eyes were 
collected on dry ice and stored at — 15° C. 

In an Pore AE of rhodopsin from 
lobster eyes* it proved advantageous to isolate 
the structures containing the visual pigment— 
presumably the rhabdomeres—by using the methods 
ordinarily employed to isolate the outer segments of 
vertebrate rods and cones. We hoped in the same way 
to separate the rhabdomeres of the Limulus eye from 
the remaining tissues and black screening pigment. 
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In one of our first experiments, the eyes from 44 
animals were thawed and ground thoroughly in a 
mortar with 8 ml. of 45 per cent sucrose in neutral 
M/15 phosphate buffer. This suspension was layered 
over in a centrifuge tube with neutral phosphate 
buffer and spun in a Spinco preparative ultra- 
centrifuge at 40,000 r.p.m. for 10 min. A fine layer 
of tissue fragments, presumably including the 
rhabdameres, collected at the interface between the 
sucrose and buffer solutjons, the remaining tissues 
and black pigment forming a sediment at the bottom 
of the tube. The interfaciel material was drawn off 
with a syringe and the sediment was reground and 
fractionated as before. The interfacial material from 
both these flotations was pooled, diluted with buffer, 
and sedimented by centrifuging at 40,000 r.p.m. for 
15 min. The faintly straw-coloured supernatant 
was discarded and the tissue was extracted with 
0:6 ml. of 2 per cent aqueous digitonin for 1 hr. at 
5° C. After clearing this extract by centrifuging, its 
absorption spectrum was recorded in a Cary spectro- 
photometer. On exposure of this solution to light, a 
just perceptible bleaching occurred in the visible 
spectrum, accompanied by a small rise of extinction 
m the near ultra-violet, suggesting the bleaching 


of a visual pigment to retinmene. However, the 


changes were much too small to yield a reliable 
record 


We first thought that our isolation procedure had 
possibly lost most of the visual pigment, and decided 
therefore to see whether retinene could be obtained 
from whole eyes and in what quantity. The eyes of 
51 animals were ground in a mortar with about, 
three times their volume of anhydrous sodium 
sulphate. The dry product was pre-extracted with 
petroleum ether in the dark. The extract contained a 
yellow carotenoid, epipbasic on partition between 
petroleum ether and 90 per cent methanol, both 
before and after saponification. It possessed ab- 
sorption bands in hexane at about 425, 449, and 
476 mp and was apparently B-carotene. No vitamin 
A or retinene was found in this extract. 

The tissue was then extracted exhaustively m the 
light with acetone containing a few per cent ethanol 
and water. The light should have bleached any 
visual pigment that was present, the acetone- 
ethanol should have destroyed it by denaturation. 
The extract, transferred to 2 ml. hexane, was pale 
yellow, owing to a small residue of carotene. The 
direct spectrum showed little but general absorption 
rising steeply into the near ultra-violet. The extract 
was transferred to 0-3 ml. chloroform, and 0-25 ml. 
of this solution was mixed with 1] drop of acetic 
anhydride and 0:5 ml. of saturated antimony tri- 
chloride in chloroform. The absorption spectrum, 
recorded immediately, is shown in Fig. 2, curve 1. 
It displays the absorption band characteristic of the 
antimony chloride product of retinene, with Amar, 
667 my, distorted by a second band at shorter wave- 
lengths (max, about 600 my) caused by some unidenti- 
fied contaminant. The latter band faded rapidly, so 
that a second spectrum, recorded a few minutes later, 
displayed the retinene band alone (curve 2). From 
curve 2 one can calculate that this extract from 102 
eyes contained about 4 XxX 10-4 umole retinene, 
that is, about 4 x 10-* umole per eye. This amount 
of retinene from the whole eye is in reasonable 
agreement with thé amount of rhodopsin we had 
extracted from the tissue isolated by flotation in the 
previous experiment. There was no reason to doubt, 
therefore, that we had isolated the correct tissue ; but 
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entirely stable. The result was the difference spectrum 
shown in Fig. 1, with Amax, 520 mu, and with a 
minimum at 367 my, the absorption maximum of 


retinene, oxime. 
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From these results one can estimate roughly the 
extinction of visual pigment tn situ. It is generally 


whole eyes (4 xX 10-* umole per eye). 
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Wave-length (my) 
Absorption spectrum of the product of the antimony 
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assumed that in compound eyes the visual pigment 


is restricted to the rhabdomeres of the retinula cells. 
The rhabdom of Limulus takes the form of a central 


ante 


formed by the fusion of two rhabdomeres at the 
surface of contact between adjacent retinula cells’. 


which radiate fins, usually 10 in number, each 


hub, filled by the dendrite of the eccentric cell, from 
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In animals of the size we used, the rhabdom is 
estimated to be about 100p long, the fins being about 


1-5u wide (0-75 contributed by each of the two 


adjacent rhabdomeres which fuse) and projecting 
about l0u from the centre. The entire volume of 


(that is, 10 x 100 x 1-5 x 10). Animals of this size 


have 800—1,200 ommatidia. The volume of rhabdom 


rhabdomere material, therefore, ıs about 1-5 x 10'u? 
per eye is therefore of the order of 1:5 x lOp? 


This time the isolated tissue was 
The extract contained 6-carotens, 


We next isolated the rhabdomere tissue from 878 
eyes of young animals, by the flotation procedure 


described above. 


the small amount of photosensitive pigment in the 


Limulus eye introduced special difficulties. 
frozen-dried, and pre-extracted exhaustively with 


petroleum ether. 
eabout one-third as much as had been obtained from 


whole eyes. 
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The residual tissue was extracted with 0-6 ml. of 


2 per cent digitonin. The extract was cleared by 
The two halves of the extract were first balanced 


tion cells. Spectra were measured in the Cary model 
agamst each other to yield a base line (curve 1). 


Il recording spectrophotometer, with a 0-0-1 slide 
base-line represent bleaching due to light, changes 
below represent the formation of new absorbing 


material. Curve 2 shows bleaching maximal at about 


530 my, with the simultaneous formation of a product 
curve 3. The maximum had now moved to about 


520 mu, an indication that Limulus rhodopsin, like 
that from other species, bleaches over orange-red 
intermediates such as metarhodopsin, which disappear 


slowly and thus distort the early difference spectrum. 


As with vertebrate rhodopsins, however, 


absorbing maximally at about 370 mu. This extract 
was then re-irradiated for 7 min., and allowed to 
stand in the dark for about 15 min., before recording 
distortions are abolished by using hydroxylamine 
(ef. Fig. 1), 


sample was then irradiated for 2 min. with orange 
dark and irradiated solutions. Changes above the 


light and the spectrum recorded (curve 2). 
record made in these circumstances is a difference 


+» spectrum, the difference in absorption between the 


centrifuging and divided between two micro-absorp- 
wire that magnifies the extinction 10 times. The 
results of these measurements are shown in Fig. 3. 


To the remaining portion of the extract, kept in 
darkness until this point, neutral hydroxylamine was 
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at about 
); Amex. now lay 
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become stable (8 
at 620 ms 


rition was exposed to t for 2 min 
shows bleaching ri 


e balanced against each other to yield 
the solution had 


about $70 my 
in darkness, 


Then this extract was irradiated for 2 min. with 
white light and left for half an hour in the dark until 


added to a final concentration of 0-04 M. Tts spectrum 
the previously bleached solution, so as to yield a base 


‘-was balanced in the spectrophotometer against that of 


line. 
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(ref. 10). If one assumes that Limulus rhodopsin has 
an extinction of about 40,000, 4 x 10-* umole of 
rhodopsin distributed evenly over this volume would 
have an extinction at 520 my of 0-07 in a layer 100u 
deep, corresponding to the length of the rhabdom. 
This extinction is equivalent to an absorption of 
about 15 per cent. It is interesting that this absorp- 
tion is of about the same order as occurs in the rods 
of a number of vertebrate eyes". 

The only previous report of the extraction of a 
photo-pigment from the Limulus eye is contained in a 
single sentence and a figure in a paper by Bliss, 
dealing primarily with squid rhodopsin. According 
to Bliss, the Limulus pigment bleached in the light 
only after treatment with formaldehyde. The 
difference spectrum he measured had a maximal 
extinction of 0-004, lower therefore than one can 
ordinarily measure accurately ; yet the eyes would 
have had to contain about seven times as much 
pigment as we find, to yield this extinction under the 
conditions of his experiment (15 retinas from 4 om. 
wide animals, dissolved in 3 cc.’’). The Amax, of this 
pigment was at about 480 mp. This description, 
therefore, differs on all counts from the present 
observations. 
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FRACTIONATION OF TWO METABOLICALLY DISTINCT CLASSES 
OF RIBONUCLEIC ACIDS IN ANIMAL CELLS AND 


ITS BEARINGS ON CANCER 


By Pror. A. SIBATANI, K. YAMANA, K. KIMURA and T. TAKAHASHI* 


Cytochemistry Laboratory, Yamaguti Medical School, Ube, and the Department of Biology, 
Faculty of Science, Kyushu University, Fukuoka, Japan 


ECENTLY we have shown! that the treatment 

of suspensions or homogenates of normal and 
malignant animal cells with aqueous phenol may lead 
to a fractionation, of their ribonucleic acids into two 
components differing markedly in the nucleotide 
composition and the rate of uptake of phos- 
phorus-32. 

The procedure we are employing for such studies 
may be summarized as follows. A part of the material 
labelled tn vivo or in vitro with phosphorus-32-ortho- 
phosphate (1-2-5 hr.) was fractionated by the 
Schmidt-Thannhauser method? to obtain the total 
ribo- and deoxyribo-nucleic acids. The rest of the 
material was treated with 90 per cent phenol’, and 
the ribonucleic acid released into the aqueous phase 
(fraction P) was dialysed against water and hydro- 
lysed with alkali?. The phenol layer was treated with 
ethanol and the precipitated protein material was 
fractionated by the Schmidt~Thannhauser method to 
recover the residual ribonucleic acid (fraction #). 
The nucleotide composition of various ribonucleic 
acids was determmed by ‘Dowex-l’ (formate) 
chromatography*. The separated nucleotides were 
purified by charcoal adsorption}, and uridylic acid 
was further paper-chromatographed in n-propanol- 
ammonia—-water (60:30:10)4. Alternatively, the 
alkalme hydrolysates of ribonucleic acids were first 
adsorbed on charcoal‘ and then the eluted mixed 
nucleotides paper-chromatographed as above. Deoxy- 


* Permanent address: De t of Internal Medicine, Kyushu 
University Medical School, ka. 
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ribonucleic acid was usually extracted with hot 
dodecyl sulphate’ from the acid-precipitated residue 
of the Schmidt-Thannhauser method. The specific 
activity of ribonucleic acid was calculated as the 
weighted mean of those of the separated nucleotides, 
or approximated by determining that of combined 
adenylic, oytidylic and uridylic acids ın the eluate 
from unresolved single spot on the paper’. The 
specific activity of deoxyribonucleic acid was determ- 
ined directly. 

The fraction, P ribonucleic acid had a high guanylic 
acid content and a low specific radioactivity, while 
the fraction R showed a low guanylic acid content 
and a markedly high specific radioactivity’. The 
proportion, of the fraction P in total ribonucleic acid 
was about 70 per cent in rabbit lymphatic cells and 
the appendix, about 85 per cent in the rat liver and 
90-95 per cent in the mouse Ehrlich ascites carcinoma 
and rat ascites hepatoma AH-7974. The nucleotide 
composition, of various fractions is listed in Table 1. 
In some instances, especially in tumours, cytidylic 
acid content was also appreciably lower in fraction R. 

The most remarkable point of these findings is the 
fact that the specific activity of the fraction P was 
usually very close to that of deoxyribonucleic acid in 
various tissues differing markedly in the rate of 
deoxyribonucleic acid synthesis. Also it must be 
stressed that, by Kirby’s method? of ribonucleic- 
acid extraction with phenol which is now extensively 
employed, one may very well be discarding the bulk 
of ribonucleic acid with high turnover rate. 
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Molar ratio 
(adenylic acid = 10) 





G He | Uridylic | Cytidyli (per 
uanylHc ylic f 
acid acid meet cent) 
Lymphatic 
cells of rabbit 17 5 10 1 15:3 96 5 
appendix 20-2 10 6 16:2 101 
Rabbit appen- 16-1 10 8 18 0 80 0 
dix 1893 10 4 14:6 928 
16-9 10 0 12 8 95 0 
Rat liver 18-0 9-0 16 7 88 -2 
19-6 10°1 160 82 0 
14 5 90 15°3 79 9 
Mouse Ehriich 17-9 10 8 15-1 922 
asc 19°8 111 15 4 98-1 
tamour 12-1 9'9 11 2 104 
(7 days) 
e z4 ap gej g 
ts] » e 
rere 11 7 10-0 11 100 
(7 days) 


Table 2. In tivo INCORPORATION OF PHOSPHORUS-82 INTO FRACTIONS 
OF RIBONUGLEIO ACIDS OF SOMS ASCITES TUMOUR 


Mouse Ehrlich 
ascites carcinoma 


Age of tumour (day) 
Duration oie PANOR 


experimen 


10 1 
487 
10 1 





The specific activity of the fraction P may further 
be reduced a little by a fractionation utilizing the 
solubility difference in molar sodium chloride solution. 
A small amount of soluble ribonucleic acid (fraction 
P-A) with a relatively high specific activity may be 
removed from the bulk of ribonucleic acid which is 
precipitated in this salt solution (fraction P—B). Buch 
a finding corroborates that of Brown et al.*. Whether 
or not the fraction P-A is a mixture of the fraction 
P-B and fraction È is not clear at the moment. 

The simplest interpretation of the above observa- 
tions would be to postulate the occurrence in animal 
cells of two principal classes of ribonucleic acids 
differing in composition, metabolic activity, and mode 
of linkage with proteins which may serve as the basis 
of fractionation with phenol. We will call such classes 
of ribonucleic acids class I and class Il, the former 
being released by phenol and the latter remaining in 
the residue in typical experiments. It should be 
emphasized here that the terms fraction P and È 
pertain to the extraction procedure using phenol no 


Table 3. 









Relative amount Guanylic acid content Specific activity 
eibonucis (per cent of total) fadenylic acid = 10) (counte/min./sgem. P) 
fraction Nucleus Oytoplasm Ribosome 
P-A 16 
P-B 48 1 
R 55 9 
(Deoxyribonuclefe acid) 


Nuclei and cytoplasm were separated according to Osawa. ef al. (ref. 2). 
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matter what their chemical or metabolic properties, 
while the designations ‘class I’ and ‘class I’ ribo- 
nucleic acids represent partially hypothetical entities. 

It is suggested from the specific activity determ- 
ination that class I ribonucleic acid is duplicated only 
once during the mitotic cycle like deoxyribonucleic 
acid, so far as the composition of the cell is kept 
constant. Because deoxyribonucleic acid is believed 
to be metabolically rather inert’, the specific activity 
of any phosphate compound of cells incorporating 
radiophosphate, even in the absence of turnover, 
cannot be appreciably lower than that into deoxy- 
ribonucleic acid in the steady state. It can be inferred, 
therefore, that class I ribonucleic acid may be con- 
served without turnover in proliferating or non- 
proliferating cells of fixed composition. The fraction 
P probably contains class I ribonucleic acid in a 
relatively pure form, being free from contamination by 
class II ribonucleic acid, which would significantly 
raise the specific activity of the fraction P over that of 
deoxyribonucleic acid. Whether the fraction R repre- 
sents more or less pure class IT ribonucleic acid cannot 
be determined at the moment. 

The close agreement of the specific activities of 
deoxyribonucleic acid and of fraction P ribonucleic 
acid may not be realized in systems changing their 
composition. In regenerating rat liver the synthesis 
of class I ribonucleic acid seems to be enhanced prior 
to that of deoxyribonucleic acid’. In ascites tumour 
also, the specific activity of fraction P ribonucleic 
acid was sometimes found to be lower than that 
of deoxyribonucleic acid (Table 2). Indeed, a con- 
tinuous decrease in ribonucleic acid content per cell 
during the growth of the Landschiitz ascites tumour 
of the mouse has been reported*. 

The hypothesis of the occurrence of cellular ribo- 
nucleic acids in two classes can be tested by 
studies on ribonucleic acids in subcellular com- 
ponents. However, results so far obtained have been 
mostly erratic for the reason suggested below, so 
that we are still not in a pomtion to discuss the 
matter at full 1 To mention some positive 
results (Table 3), both nuclei and cytoplasm of the 
rabbit appendix yielded the two fractions which 
would represent classes I and IT. It is noted that 
the proportion of the fraction R was much higher in 
nuclei the ribonucleic acid of which resembles the 
class IT ribonucleic acid in guanylic acid content and 
the turnover rate*. Also free cytoplasmic ribonucleo- 
protein particles (ribosomes) of the rabbit appendix 
gave fractions with properties in line with the resulta 
on whole cells. 

In earlier experimente consistent results were 
obtained by an indiscriminate use of commercial 
phenol, but it was soon found that the use of different 
batches of phenol might result in a marked change 
in the efficiency of fractionation. The use of re- 
distilled phenol made the results even worse. Prob- 


RIBONUCDHIO ACIDS OF SOME SUBCHLLULAR COMPONMNTS OF RABBIT APPENDIX LABELLED WITH PHOSPHORUS-82 tn vivo 













Ribosomes (free ribonucleoprotein particles} were sedimented at 


105,000g¢ for 90 min. from a 0:25 AF sucrose homogenate after removing er perboles by centrifuging at 44,000g for 80 min. Values for 
individual subcellular components were obtained in separate experiments lastmg 2 hr. 
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ably some impurities in the commercial phenol may 
be of critical importance, and the use of reagents of 
lower degree of purity generally resulted in a con- 
sistent and clear-cut fractionation. The critical 
factor(s) may also be provided by the tissues. Thus, 
the rabbit liver gave a relatively ‘good’ fractionation 
with re-distilled phenol, while the appendix and 
kidney yielded a ‘poor’ fractionation with the same 
phenol. Some monovalent and divalent cations such 
as sodium or calcium ions were effective in improving 
the extent of fractionation, and the addition of 
ethylenediamine tetraacetate affected the fraction- 
ation, while magnesium ions were without effect. 
Temperature (0-37°) does not seem to be very 
critical, while the pH of the medium (before addition 
of phenol) is obviously of great importance, the best 
fractionation so far being obtained at pH 6-7. Unless 
such factors are carefully controlled, isolated sub- 
cellular components tend to yield a poor fractionation, 
and the specific activity of the fraction P may no 
longer be close to that of deoxyribonucleic acid and 
vary considerably among different subcellular frac- 
tions’. 

Several authors?* have reported a remarkably high 
guanylic acid content of neoplastic ribonucleic acids. 
This would suggest a depletion of class II ribonucleic 
acid in tumour cells, and our observation confirmed 
it. Extensive uptake of labelled precursors by ribo- 
nucleic acid of tumour cells, in spite of the deficiency 
of class IT ribonucleic acid with high turnover rate, 
may partly be explamed by an active net synthesis 
of class I ribonucleic acid. 

It was also reported that the bulk of ribonucleic 
acid of tumour cells showed little turnover’. This 
fact would again be a reflexion of the marked pre- 
ponderance in tumour cells of class I ribonucleic acid 
which appears to be metabolically rather inert. In 
this connexion it is of interest that the acid ribo- 
nuclease activity per unit amount of ribonucleic acid 
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is much lower in tumour cells than in normal cells'?. 
However, whether this fact has some bearings on the 
metabolic stability of the bulk of ribonucleic acid in 
cancer cells is not clear. 

Thus, the relationship between the synthesis of 
class I ribonucleic acid and that of deoxyribonucleic 
acid, and the role of two classes of ribonucleic 
acids in the transfer of genetic information and in 
protem synthesis may become attractive problems in 
cell physiology and cancgr research. 

This work waa aided in part by a grant from the 
Ministry of Education. We express our thanks to 
Dr. Waro Nakahara, director of the Cancer Institute, 
Tokyo, for his encouragement and interest in this 
work. We are further indebted to Prof. S. Nakamura 
and Prof. 8. Shibata, Yamaguti Medical School, for 
the use of instruments in their laboratories, and 
to Prof. I. Kawakami, Kyushu University, Dr. 8. 
Osawa, Nagoya University, and Dr. Y. Sugino, 
Kyoto brut = oe advice and discussion. 
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CHLOROPHYLL CONTENT OF GIBBERELLIN-TREATED 
WHEAT SEEDLINGS 


By Pror. FREDERICK T. WOLF* and Dr ALAN H. HABER. 


Biology Division, Oak Ridge National 


NCREASED plant growth stimulated by gibberellic 

acid is generally accompanied by a paling of the 
leaves}, In a recent review, Brian summarized the 
situation as follows: “The leaves formed after treat- 
ment are noticeably paler in colour than usual. This 
is &@ g response to gibberellic acid; ıt can be 
to a considerable extent reduced by ensuring that 
mineral nutrients, especially nitrogen, are not limiting, 
but even under the best nutrient conditions some 
chlorosis is usually visible. It is not known whether 
the chlorosis is due to a destruction of pigment, 
reduced rate of synthesis of pigment, to a failure of 
pigment synthesis to keep in step with the increased 
cell extension, or to change in pigment composition’”’*. 
In this article we present the results of an investiga- 
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tion of the relation between the effects of gibberellic 
acid treatment on growth and on pigment content. 

‘Gibrel’ (potassium salt of gibberellic acid) was 
kindly given by Merck and Co. Wheat grains 
were germinated and the seedlings grown in Petri 
dishes containing water or 3 x 104 A M gibberellic 
acid (~ 115 p.p.m.), as described previously®, under 
400-500 ft.-candles of white light during 16-hr. days. 
Chiorophylis a and b were analysed according to 
“Official Methods of Analysis” of the Association of 
Official Agricultural Chemists? or by Robbelen’s 
method’; total carotenoids were estimated by the 
latter method. Twelve to sixteen seedlings were 
used in each determination. 

Results of a typical exper:ment are given in Table 
1. Six days after sowing, the height of plants treated 
with gibberellic acid had increased at least 60 per 
cent more than the controls and the leaves were 
indeed paler. But the chlorophyll content was not 


~ 


218 


Table 1. ANETO ENON OF GIBBERELLIO ACID ON THE GROWTH AND 


HLOROPHYLL CONTANT OF WHEAT SREDLINGS 


Treatment Ago 68 days 12 days 18 days* 24 days* 80 days" 
Height (mm.) 


Control 59 5 100-8 140-1 249 0 
Gibberellic acid ` 176:1 258-7 856 3 


a Ted's 3. ga's 


181-4 


294°8 
404-5 


"eT 7 544-4 


420 8 


Control 33 - 

Gibberellic acid ‘ 80 1 

Total chlorophyll ere 
b 12 


58 7 tag 
46-2 


Control 26 8 
Gibberellic acid 26 1 





* Plants removed from Petri dishes and transplanted to pots of soll 
after 12 days. 


significantly different in treated and untreated 
plants. After 12 days, the chlorophyll content of the 
treated plants was about 20 per cent less than in the 
controls. Total carotenoid values were 12-5 pgm. per 
plant for the controls and 10-4 ugm. for treated plants. 
Hence the reductions in amounts of chlorophyll and 
carotenoid in treated plants were about the same. 
The difference in chlorophyll content between the 
treated plants and controls increases with time. 

Twenty determinations of the chlorophyll a : chloro- 
phyll b ratio in each of the two series of plants showed 
75-6 per cent of the total chlorophyll consisted of 
chlorophyll a in the controls and 75-5 per cent in the 
plants grown in gibberellic acid. Obviously, the 
difference between the appearances of the two groups 
of plants cannot be related to a change in the propor- 
tion of the two chlorophylls. 

Leaves of etiolated seedlings grown for 8 days in 
water in darkness were excised, placed in vials contain- 
ing water or gibberellic acid, and exposed to 1,000 ft.- 
candles of light from a water-cooled source similar to 
that described by Withrow and Elstad’. Measure- 
ments of chlorophyll content during the subsequent 
48 hr.. (Fig. 1) showed no significant difference in rate 
of chlorophyll synthesis during greening, and there- 
fore no difference in chlorophyll anabolism from 
gibberellic acid treatment. 

Five-day-old seedlings grown in water were placed 
in 8 x 10+ M gibberellic acid and at the same time 
transferred to continuous darkness. The disappear- 
ance of chlorophyll in dark-grown, plants and in 
plants similarly treated in all respects except for 
treatment with gibberellic acid were compared. The 
acid had no effect on chlorophyll disappearance, and 
therefore no effect on chlorophyll catabolism (Fig. 2), 
even though the plants responded to the gibberellic 
acid in darkness. The average heights of the treated 
and contro] plants after the seven days in darkness 
were 180-4 and 132-6 mm., respectively. 

The i with young planta (5-8 days old) 
indicate that gibberellic acid can exert a pronounced 
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Fig. 1. Effect of mbberellic acld on greening of 8-day-old detached 
etiolated wheat leaves 
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Fig. 2. Effect of 
transfi -day-old wheat seedlings to continuous facie. 


after erring 


effect on growth without affecting the total content, 
anabolism, or catabolism of chlorophyll. The paler 
appearance of six-day-old treated plants therefore 
results solely from pigment dilution. Since the pig- 
ment content does not differ significantly in these 
treated and control plants, there is no real chlorosis. 
The chlorophyH content of older treated plants 
(12 days or more) is less than m the untreated controls. 
But since gibberellic acid promotes growth without 
affecting the content, synthesis, or destruction of 
chlorophyll in young plants, its influence on chloro- 
phylls and other pigments in older plants is probably 
an indirect result of its growth stimulation. These 
results support the suggestion that ‘chlorosis’ induced 
by gibberellic acid is in part related to nutritional 
deficiencies*.*. The acid does not influence the pig- 
ment content of the very young seedlings adequately 
supplied with nutriment from the grain, but does 
reduce the pigment content of older plants. This 
may be correlated with the growth ts in Table 1, 
which indicate that the untreated plants eventually 
surpass the treated seedlings in growth-rate. 

These results demonstrate that (a) chlorosis does 
not necessarily accompany growth stimulated by 
gibberellic acid and (6) the paling in very young 
seedlings results solely from a failure of chlorophyll 
synthesis to keep pace with the mcreased cell expan- 
sion®. Besides the simple dilution of chlorophyll, the 
apparent chlorosis in older plants must also result 
from delayed effects of malnutrition, not to direct 
action of the acid on formation or destruction of 
chlorophyll. Stimulation of growth by gibberellic 
acid without direct effect on chlorophyll metabolism is 
consistent with the finding that the acid does not 
directly affect photosynthesis’. 

We wish to thank Mrs. Helen Luippold, Mrs. Dora 
Furr, and Mr. Joe White for help in caring for the 
plants and for a in the experiments. 
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PROTEIN COMPONENTS FROM TURNIP YELLOW 
MOSAIC VIRUS 


By Cr. J. M. KAPER 


Department of Biochemistry, University of Leyden 


ECENTLY we reported a degradation method} 

with which soluble protein fragments were 
obtained from « purified preparation of turnip yellow 
mogaic virus. Evidence was presented that the 
alkaline treatment involved had not affected the 
peptide bonds of the protein. Under the electron- 
microscope the preparation showed spherical particles 
of a certain minimal diameter and also larger aggre- 
gates of variable size, all of which were much smaller 
than the virus particles, however. 

Since then I have started to investigate the products 
of the alkaline treatment of the virus by means of 
electrophoresis and the ultracentrifuge. 

Turnip yellow mosaic virus purified by the butanol- 
chloroform procedure? was treated with 0:13 M 
dipotassium hydrogen phosphate—sodium hydroxide 
buffer of pH 11-2 (virus concentration in mixture 
was l per cent). During this treatment, extending 
over a period of approximately 24 days at room 
temperature, the pH of the reaction mixture dropped 
from 11-2 to 11-0. After the reaction, part of the 
mixture was set aside while the rest was subjected 
to ultracentrifugation in the Spinco model L ultra- 
centrifuge for 2 hr. at 40,000 rev.fmin. After termina- 
tion of the run, the resulting pellet and supernatant 
fractions were separated. The supernatant was set 
aside, the pellet was re-suspended in distilled water 
and again ultracentrifuged for 2 hr. at 40,000 rev./min. 
This washing and ultracentrifugation procedure was 
repeated once more, after which the pellet was 
taken up in distilled water. The three solutions 
(total mixture, pellet, and supernatant fraction) thus 
obtained were dialysed against 0-lu pH = 7 buffer? 
for 2 days at 5° C. with three additional buffer changes 
to equilibrate for electrophoretic and sedimentation 
analysis. 

Electrophoresis was performed at room temperature 
in the Kern LK30 micro-electrophoresis apparatus 
equipped with Jamin interference optics. Sedimenta- 
tion analysis was carried out at 20° C. in the Spinco 
ultracentrifuge model # with schlieren optics. 

Fig. 1 shows the electrophoretic pattern of the 
reaction. mixture after 29 min. of electrophoresis 
at 53 V. and 8-8 m.amp. The upper limb im the 


(a) (b) Si 





G d db 


Fig. 1. Electrophoresis pattern of the reaction mixture after 
treatment of turnip yellow mosaic virus at pH 11:2-11 0, Buffer : 
O-lu, pH 7, room temperature 


{a), Polynucleolde predient 5 (5) gradient of pellet fraction; 
¢), soluble RI gradient re aa 


picture represents the mixture of components ascend- 
ing towards the anode. The presence of three main 
components with different mobilities is evident, 
although in the upper limb most of the fastest-moving 
gradient has left the cell already. 

Through analysis of the supernatant fraction 
(which can be shown to contain the soluble protein! 
and polynucleotide material) and the pellet fraction, 
gradient (a) in Fig. 1 could be identified with poly- 
nucleotide material which had been, liberated from 
the virus and which was not dialysable; gradients 
(c) and (6) represented the soluble protem and the 
pellet fraction respectively. Control analysis of 
mmtact turnip yellow mosaic virus under the same 
experrmental conditions showed that the pellet 
fraction and the virus had identical electrophoretic 
mobilities ; thus was further corroborated by mixing 
the two substances and analysmg them at pH 7-0, 
8-3 and 9-5, under which conditions they behaved . 
as one component in electrophoresis. The ultra- 
violet spectrum of the pellet fraction was predomin- 
antly of protein, character (maximum 270 mp, mini- 
mum 250 my and shoulder at 290 mp), although it was 
evident that small amounts of nucleic acid in one 
form or another were present in the fraction. 

Fig. 24 shows the sedimentation pattern of the 
reaction mixture in the ultracentrifuge 5 min. after 
reaching the desired speed of 59,780 rev./min. 
Here again we observe three main components and a 
small amount of a fourth. The identification of the 
various boundaries with the fractions obtained in the 
preparative procedure was carried out by separate 
runs, as in the electrophoresis. In Fig. 24 tho 
gradients are designated accordingly. The sedimenta- 
tion coefficient (uncorr.) of (6) was determined from 
this run and found to be 47 S. In separate runs of 
the pellet fraction at 33,450 rev./min. and at dilutions 
as much as 0:005 per cent we found sedimentation 
coefficients of 52-53 S. As is evident from Fig. 2B, 
the pellet fraction gives a sharp and symmetrical 
boundary and is only contaminated by a small 
amount of substance with sedimentation-rate of 
approximately 80 S. Gradient (e) in Fig. 2A shows 
a pronounced polydispersity and represents the soluble 
protein which we described earlier! ; (a) is the poly- 
nucleotide material resulting from the degradation 
of the virus-nucleic acid. Figs. 20 and 2D represent 
the sedimentation patterns of reaction mixtures of 
turnip yellow mosaic virus treated at pH 12:1- 
11-9 and pH 10-8-10-5 (the two pH-values indicate 
the pH at the begmning and at the end of the 
reaction), 

The pellet fractions of both mixtures analysed 
separately had sedimentation coefficients of 52-53 S 
again. The fraction containing the soluble protein 
from the pH 12-1-11-9 treatment (Fig. 20) showed 
much less polydispersity and the sedimentation 
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© Fi eh esr corner AOR porem of degradation products of arg 
uffers: O-lz pH 7; ture, 20° 
ithe horlsontal learn which is visible on ee alli gur aoa eren diagrams 
is not caused by irregularities ın the under measurement 
but could, acetrding to the Spinco fold onare be attmbuted 
to dust particles which had accumulated on the mercury lamp 
just in front of the slit) 


A, reaction nee from degradation at pH 11:2-11 0; 5 min. 
after reaching speed of 59,780 rev./min. 


B, pellet fraction (cono. 0-26 per cent) obtained from degradation 
at pH 112-11 0; 26 min. after rea speed of $8,450 revy./min. 


C, reaction mixture from degradation at pH 12 1-11-08; 5 min. 
after reaching speed of 59,780 rev./min. 


D, reaction mixture from degradation at pH 10 8-10 5; 3 min. 
after reaching desired speed of 59,780 rev./min. 


(a) polynucleotade ent; (b) gradient of pelet fiactlon; 
soluble protein gradient 


coefficient determined from the ‘peak’ of (c) was 
about 11S. Electrophoresis of the reaction mixture 
of pH 12-1-11-9 showed that no change had occurred 
in the relative mobilities of both components, but 
that the relative concentrations had changed in 
favour of the soluble protem. Polynucleotide 
material could no longer be detected, as apparently the 
nucleic acid had broken down to dialysable nucleotides. 
The ultra-violet spectrum of the pellet fraction 
(Fig. 3) obtained at this pH had more protein charac- 
ter; this might be attributed to the absence of the 
80 S-contamination. 

The reaction mixture at pH 10-:8-10-5 showed 
quite the opposite picture (Fig. 2D) which, of course, 
could be anticipated. Gradient (a), representing the 
polynucleotides, is again present, gradient (c) shows 
very much polydispersity and, in addition to the 
80 S- “component, there ig an appreciable amount of 
fast-moving substance with a sedimentation coefficient 
of 102 ime which probably represents residual virus. 
Electrophoresis showed again the gradients (a), (b) 
and (c) with the same relative mobilities as ın the 
other experiments. 
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Fig. 8. Ultra-violet spectrum of t fraction isolated from 
treatment of turnip yellow mane at pH 12 -1-11 9. Buffer, 
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One main conclusion emerges from the experiments 
described. Through alkaline treatment of turnip 
yellow mosaic virus it is possible to penetrate the 
virus and affect the imbedded nucleic acid in such a 
way that it starts to leak out m (poly) nucleotide 
fragments of variable size, depending on the pH of 
the reaction. After the (poly) nucleotides have leaked 
out, they leave an. empty or virtually empty protein 
shell. This material can be isolated by a simple 
differential centrifugation procedure. That the 
protein shell has probably remained intact seems 
evident when the identical electrophoretic mobilities 
of both virus and protein are considered and when 
its sedimentation coefficient, 53 S, is compared with 
those of Markham‘ (48:8 S) and of Lyttleton et al.* 
(50 S) for turnip yellow mosaic virus top component. 
In addition to this, we have compared the ‘natural’ 
virus plus top-component system, isolated by the 
procedure described by Cosentino e al.*, with a 
‘reconstructed’ system, obtained by mixing the virus 
(without top component) and the 53 S component in 
approximately the same concentration ratio. The 
sedimentation patterns thus obtained, with sedimenta- 
tion coefficients of 52 S and 109:5 S (virus) for the 
‘natural’ system and 53-5 S and 109 9 for the ‘reoon- 
structed’ system, were virtually identical. 

Besides the full-size protein, fragments of smaller 
size are obtained'. We do not know as yet what is 
the exact sequence of events during the alkaline 
treatment ; but the experiments described suggest 
that first the intact protein shells are formed, and 
they then dissociate into particles of smaller size. 

This sequence of events, as well as other aspects 
of the reaction, are being studied im detail, and I 
also hope to carry out a complete characterization 
of both proteins described. 

I am indebted to Prof. H. Veldstra for his interest 
and encouragement, to Miss C. Houwing for her 
assistance and to the Rheumathology Department 
and the Medical Chemistry Department of the Univer- 
sity Hospital for putting ther Spinco model Æ 
ultracentrifuge and the micro-electrophoresis appara- 
tus at my disposal. 
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SULPHASOMIZOLE 
(5-p-AMINOBENZENESULPHONAMIDO-3-METHYLISOTHIAZOLE) : 
A NEW ANTIBACTERIAL SULPHONAMIDE 


By A. ADAMS, W. A. FREEMAN, A. HOLLAND, D. HOSSACK, J. INGLIS, 
MISS J. PARKINSON, H. W. READING, K. RIVETT, R. SLACK, 
R. SUTHERLAND and R. WIEN 


Research Laboratories, May and Baker, Ltd., Dagenham, Essex 


HE development of a controlled antibiotic 
policy, primarily to curb the spread of resistant 
strains of Staphylococous aureus’, has led to a renewed 
interest in sulphonamide therapy. Additional stimu- 
lus has also been provided by the introduction of the 
‘long-acting’ sulphonamides, the main advantage of 
which is probably convenience of administration. 
The prolonged action of these new products may be 
attributable to differences in metabolic pathways 
brought about by differences in substitution in the 
heterocyclic moieties attached to the N! position of 
the classical structural types. The compounds of 
this class that have been used clinically during the 
past few years have all conformed to a traditional 
chemical pattern, their duration of action and rate 
of excretion being varied by variation of substituents 
in known heterooyche nuclei. 
Against this background, it is pertinent to report 
a new departure in sulphonamide research, in which a 
hitherto unknown heterocyclic nucleus—tsothiazole 
(I}—has been introduced. The full consequences of 
this development remain to be worked out, but 
sufficient work has been completed to show that this 
new sulphonamide, 5-p-aminobenzenesulphonamido- 
3-methylisothiazole (the name sulphasomizole has 
been approved by the British Pharmacoposia 
Commission), is of considerable interest. 
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When our work began, we had no experimental 
evidence that the tsothiazole nucleus (I) could exist, 
but the system had long been of theoretical interest 
to us because of the similarity between —S— and 
—CH = CH— in aromatic structures. Thus, the 
new parent compound should resemble pyridine in 
many of its chemical properties". 

We have synthesized mononuclear tsothiazoles by 
two distinct routes. The first involved the oxidation 
of 5-aminobenz-1,2-tsothiazole to tothiazole-4,5- 
dicarboxylic acid’, from which 4-p-aminobenzenesul- 
phonamidoiscthiazole was eventually prepared. This 
compound showed high activity against streptococcal 
and staphylococcal infections in mice, and the resulte 
stimulated us to devise a simpler synthesis of a related 
5-sulphonamuide. 


Treatment of §-imino-n-butyronitrile (II) with 
hydrogen sulphide gave §-iminothio-n-butyramide 
(IIT)*, which waa oxidized by a variety of reagents. 
to 5-amino-3-methylswothiazole IV: R = H)é. 


“we = 
Yas, 


B a 


The amine is a valuable intermediate for the prepara- 
tion of many mononuclear tsothiazoles, and more 
than flfty derivatives of isothiazole have been madet, 
One of the most interestıng from the biological point 
of view is 5-p-aminobenzenesulphonamido-3-methyl- 
isothiazole (IV: R = SO,.C,H,.NH,-p)', a sulphon- ` 
amide of high solubility in water (pH 6-0, 248 
mgm./100 ml.; pH 7:0, 2,260 mgm./100 ml.) from 
which almost neutral, concentrated (more than 50 
per cent w/v) aqueous solutions of the corresponding 
sodium salt can easily be made. 

The antibacterial properties of sulphasomizole 
have been determined by carrying out tn vitro tests 
in & synthetic medium similar to that described by 
Wilson’. Aqueous solutions of sodium sulphasomizole 
were used for these tests. After infection of the 
medium with a standardized inoculum and incubation 
at 37° C. for 24 hr., the minimal inhibitory concentra- 
tions were recorded. 

The organisms included the following: Staphylo- 
coccus aureus (5 strains), Streptococcus pyogenes (2 
strains), Str. agalactiae, Sir. dysgalactiae, Sir. uberis, 
Sir. pneumoniae, Sir. egui, Sir. viridans, Str. faecalis 
(2 strains), Alkaligenes faecalis, Aerobacter aerogenes 
(2 strains), Escherichia colt (7 strains), Klebsiella 
pneumonias, Proteus vulgaris (2 strains), Pseudomonas 
pyocyanea (2 strains), Shigella flexneri, Shig. sonnet 
(2 strains), Salmonella typhi (Rawlings), S. paratyphé 
B, S. gallinarum, S. pullorum, S. typhi-murwm, 
S. cholerae-suis, S. abortus-equt, Oorynebacterium 
pyogenes, Haemophilus gallinarum, Pasteurella septica 
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and Brucella abortus. Sulphasomizole was active 
against most of this wide range of Gram-positive and 
-negative organisms, with the exception of one strain 
of each of the following organisms: Sir. faecalis, 
Aerobacter aerogenes, Shigella sonnet, Pasteurella 
sepiica, and two strains of Hscherichia coli; but 
other reference sulphonamuides, tested under the same 
conditions, also did not show any activity against 
these particular strains. 

Experiments were carried out in mice infected intra- 
peritoneally with either Sir. pyogenes, Str. pneu- 
moniae, Staph. aureus, or H. cols. Sulphasomizole 
was given either by stomach tube at 1, 5, 24, 48 and 
72 br., or graded concentrations were mixed in the 
diet and fed from one day before to three days after 
infection. Interpretation of the resultes was based 
on two criteria: (1) determination of the median 
effective dose, from the survival-rates, and (2) the 
mean effective blood concentration (the concentration 
of the sulphonamide in the blood necessary for 50 
per cent protection of infected mice)*.*. Sulphasom1- 
zole showed good activity against these experimental 
infections, and in general appeared as active as the 
sulphonamides in current use. 

The absorption of sulphasomizole mto the blood 
and cerebrospinal fluid, ite distribution in the tissues 
and excretion in the urme were determined in several 
species. Estimations of the sulphonamide were made 
by the Bratton—Marshall method’*, The sulphona- 
mide was given orally or subcutaneously (as the sodium 
salt) After oral administration to mice, rate and 
rabbite, it was well absorbed in pene up to oe 

; „ and high concentrations of unconjuga 
ede ae produced within half to 1 hr. (It should 
be emphasized that the term ‘unconjugated’ refera to 
the diazotizable material detected by the Bratton- 

Marshall method. before hydrolysis, whereas the 

term ‘conjugated’ refera to the extra diazotizable 

material found after acid hydrolysis. Koechlin, 

Kern and, Engelberg!! prefer the terms ‘directly’ 

and ‘indirectly’ reacting.) The pattern of the blood 

concentration curves showed that the drug did not 
. disappear rapidly from the circulation, appreciable 
-amounts being present up to 24 hr. after administra- 

tion.; about 35 per cent was conjugated in the blood. 
. -The sulphonamide was freely distributed in the 

tissues in rabbits. After an oral dose of 0:5 gm./kgm., 
* maximum concentrations were found in the liver, 
lung, and spleen within about 2 hr., and at about 
4 hr. in the kidney. In pregnant rabbits, sulphasorni- 
zole passed freely into the fetus, and in lactating 
rabbits, into the milk. 

Some information on the blood concentrations in 
man was obtained from three male volunteers and 
two patiente. A single oral dose of 1 gm. in volunteers 
produced a maximum blood concentration of about 
7-5 mgm./100 ml. within 4 hr., which fell only slightly 
by 6 hr. and had fallen to 2-0 mgm./100 ml. by 24 hr. 
About 40-50 per cent of the dose was recovered 
from the urine m 24 hr. In two patients each given 
2 gm. of che sodium salt intramuscularly, the blood 
concentrations were 11-25 and 20-5 mgm./100 ml. 
(unconjugated and conjugated drug, respectively) 
in one patient after 9 hr., and in the other patient 
15-7 and 27-2 mgm./100 ml. after 12 hr. These levels 
were amply maintained by repeated doses of 1 gm. 
at 12-hourly intervals. 

In rats, after a single oral dose of 0:5 gm./kgm., 
about 25 per cent (of which 70 per cent was in 
the unconjugated form) was excreted in the urme 
during the first 24 hr. Excretion from rabbits was 
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& httle more rapid, about 35 per cent (of which 
50 per cent was unconjugated) being found in the 
urme during the same period after an oral dose of 
0 5 gm./kgm. 

Sulphasomizole appeared in the cerebrospinal 
fluid of rabbits after oral administration of 0 5 
gm./kgm. and the concentrations, relative to thoso 
found in the blood, were about 10 per cent. Intra- 
venous injection of 0:2 gm./kgm., as a solution of the 
sodium salt, produced relatively high concentrations 
in the cerebrospinal fluid, about 85 per cent of the 
concentration in the blood. The difference between 
these two results is not fully understood. 

Up to the present, we have only examined the 
concentration of free sulphonamide in the cerebro- 
spinal fluid of one human patient suffering from 
meningococcal meningitis (James, E., Shiel, M., 
and Ardley, D. G., personal communication). 9 hr. 
after 2-0 gm. given intramuscularly as the sodium 
salt, the concentration m the cerebrospinal fluid was 
1:85 mgm./100 ml. (16-5 per cent of the blood 
concentration). Two days later, after another four 
intramuscular injections, each of 1 gm., had been 
given, the concentration in the cerebrospinal fluid 
was 3-25 mgm./100 ml. 6 hr. after the last dose 
(17-2 per cent of the blood concentration). 

In toxicrty experiments, no deleterious effects were 
observed on the growth-rate of young rats or on the 
blood picture of guinea pigs, after daily oral doses of 
0-5 gm.j/kem. for several weeks. There was no 
significant crystalluria, even though the acetyl 
derivative of sulphasomizole is only sparingly soluble 
in water. Metabolic studies are being made to determ- 
ine the nature of the urinary excretion products, 
and we have obtained some indication, in rats, that 
there is a marked increase in excretion of glycuronic 
acid, and a smaller increase in excretion of ethereal 
sulphate after continued administration of the 
sulphonamide. 

Intramuscular injections of aqueous solutions of the 
sodium salt in concentrations as high as 20 per cent 
w/v are well tolerated in rats ; 5 per cent w/v solutions 
have no deleterious effect when instilled into the 
conjunctival sac of the rabbit’s eye. 

To sum up, this new sulphonamide has the 
attributes of a useful therapeutic agent. It possesses 
a good all-round antibacterial spectrum and is well 
absorbed and distributed in the body. It is readily 
excreted in the urine and animal experiments indicate 
that it does not produce crystalluria even in high 
dosage. The sodium salt is highly soluble in water 
and well tolerated on injection. Further experimental 
information will be published elsewhere. 

Clinical studies of the new sulphonamide are in 
progress. 

We wish to thank Drs. E. James and M. Shiel of 
the Rush Green Hospital for the opportunity of 
estimating blood concentrations of this new sulphon- 
amide in two patients. 
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‘ British Provisional Patent Application No. 82801/56. 
‘British Provisional Patent Application No. 32250/57. 
* British Provimonal Patent Application No. 21628/58; 82802/56. 
1 Wilson, A. T., J. Lab. Olin. Med., 48, 230 (1954). 
t Litchfield, hm., J. T., and Wilcoxon, F., J. Pharmacol., 96, 99 (1949). 
a H. J tt Unenothveny: 8. ooo rk opp” and Gentile, A. J., 
u Bratton, O., and Marshall, fan., E. O., J. Biol. Okom., 128, 587 (1939). 


u Koechlin, B. A., Kern, W., and Engelberg, E., Antibiot. Med., 6, 
Supp. p. 22 (1959). 


no 4720 April 16, 1960 


NATURE 


LETTERS TO THE EDITORS 


PHYSICS 


Detection of Recently Produced Fission 
Products in the Atmosphere 


Wx have been investigatmg in some detail the 
trend in fission product-levels of surface air sampled 
at our laboratory site at Sutton, Surrey, since May 
1959. Recently, we detected a sharp increase in the 
levels of activity, and evidence is presented here 
which suggests that this was due to the first 
nuclear weapon test in the Sahara. 

The levels of atmospheric radioactivity have been 
studied by measurements made on dust collected 
from the air by three systems: (1) a small electro- 
static precipitator ; (2) a large electrostatic precipi- 
tator; (3) a membrane filter assembly. The results 
of some of our counting measurements are shown in 
Fig. 1. It will be seen that the increase in activity was 
pronounced, but transitory, occurring some time 
during February 28-March 1, 1960. 

The activities of the small electrostatic precipi- 
tator and the membrane filter assembly samples 
were measured by B-counting and in Fig. 2 the decay 
of small electrostatic precipitator sample 83 (Febru- 
ary 24—March 1, 1960) is shown. The initial rapid 
decay is due to daughter nuclei of naturally occurring 
radon and thoron. After this mitial decay, a half-life 
of 9-12 days is observed for the next 6 days, after 
which the curve tends to flatten out. 
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Fig. 2. Decay curve for small electrostatic preoipitator sample 88 
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Fig. 3 shows a y-spectrum of large electrostatic 
precipitator sample 12, collected over the period of 
increased activity, together with a spectrum of large 
electrostatic precipitator sample 1] taken during the 
preceding 10 days. The spectrum of a ‘standard 
source of barium-140 plus lanthanum-140 is also 
shown. It will be seen that the-spectrum of our 
standard has four prominent peaks! and that three of 
these appear in the spectrum of sample 12. The 
peak at about 750 keV. is probably due to zirconium- 
965 plus niobium-95 which would mask the lanthanum- 
140 line at 815 keV. 

If this material is assumed to have come from the 
nuclear test on February 13, 1960, this would mean 
that our first measurements were made 20 days after 
fission. The principal fission products at that time 
are barium-140, lanthanum-140 and presodymium- 
143, which decay with half-lives around 13 days, and 
cerium-141, with a half-life of 32 days’. The decay 
curve shown in Fig. 2 is very close to that to be 
expected from such & mixture of activities. Further, 
the principal y-lines above 200 keV. will be those due 
to lanthanum-140, zirconium-95 and ruthenium-103. 
Energies corresponding to the first two of these 
nuclides are present in the spectrum of sample 12. 
The lines of ruthenium-103 would be masked by 
those of the lanthanum-140 spectrum. These two 
main lines of evidence combine to demonstrate the 
occurrence of recently produced fission products in 
the atmosphere, and it appears likely that these were 
derived from the French nuclear test. 

The concentration of lanthanum-140 in the air was 
estimated to be 2 x 10-'* c./litre, averaged over the 
two-day period during which the increase in activity 
occurred (maximum permissible concentration for a 
life-time irradiation of occupationally exposed workers, 
5 x 10-1 @./litre)’. From the known fission yields?, 
the concentration of other nuclides can then be 
estimated. For example, the iodine-131 level would 
be about 1 x 10-1* c./litre on the same date. There 
are in all about ten nuclides with activity of the same 
order of magnitude at this time, so that the total 
activity would not be expected to exceed 3 x 10-15 


c./litre. It is apparent that though detectable, at this 


~ 
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biological significance. 

We wish to express our thanks to Prof. W. V. 
Mayneord, in whose Department the work was carried 
out, for his help and guidance. 


C. A. GREATOREX 
Physics Department, , 
Institute of Cancer Research, 
Royal Cancer Hospital, 
Fulham Road, London, 8.W.3. 


? Strominger, D., Hollander, J. M., and Seaborg, G. T., Rer. Hod. 
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* Low, K., and Biörnstedt, B., Arkiv Fysik, 13, 85 (1957). 
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Radioactivity of the Atmosphere due to 
Distant Nuclear Test Explosions 


THE programme-at Harwell of rain-water collection 
and analysis for nuclear debris has been reported by 
Stewart et al.-? and by Crooks et a.t. In conjunction 
with this programme, samples of radioactive dust are 
collected from the atmosphere using aircraft of the 
Royal Air Force. Similar sampling programmes using 
aircraft have been reported from the United States, 
Norway and Sweden. 

The dust samples are collected in filters of esparto 
fibre mounted in holders such that forward movement 
of the aircraft forces air through the filter. Measure- 
° ments have been made of the concentration in air of 
fission-product activities at an altitude of 47,000 ft. in 
the lower stratosphere and in a composite sample taken 
between, 1,700 and 18,000 ft. in the troposphere. 

The. filters are analysed for cxasium-137 (30-year) 
and girconium-95 (65-day) by a y-ray spectrometer 
using a crystal of sodium iodide (3 in. by 3 in. dia- 
meter), adequate shieldmg and a multi-channel 
pulse analyser. The uncertainty in a single analysis 
is usually less than 10 per cent provided that, in the 
case of cæsium- 137, the ratio zirconium-95/c#sium-137 
is less fhan 1. If necessary, the samples are allowed to 
' decay before the final determination of casium-137. 


.- . ` The stratospheric samples are collected with disk 
- filters (area 45 om.*) through which the air-flow is 


measured by an orifice plate assembly and pressure 
gauges. Typically, about 20 kgm. of air passes through 
the filter during a flight of 1 hr. between letitudes 
50° N. and 56°N. above the United Kingdom. The 
results of sampling at 47,000 ft. between 1957 and 
1959 are expressed in Fig. 1 as the concentration of 
cmsium-137 in upe. /kgm. of air and also as the ratio of 
concentrations, zirconium-98/cmsium-137. The col- 
lection efficiency of the filtera measured at this 
altitude is nearly 100 per cent. The separate analyses 
of samples (about 6 per month) are combined to 
provide a mean monthly concentration. 

The concentration of activity in the troposphere 
is much lower, in accordance with the steep gradient 
of fission product activity in the atmosphere’. In this 
case samples are collected in cylindrical filters (area 
300 cm.?) through which the airflow is measured 
indirectly. About 1,600 kgm. of air passes through 
the filter in a flight of 9 hr. along a track over the 
eastern Atlantic between latitudes 42° N, and 65°N. 
The flight plan produces a composite tropospheric 
sample of effective altitude ~4,000 ft. The results 
are presented in Fig. 3. The activity on the filter is 
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Fig. 1. Concentration of owsium-187 
lower 


and in the 
stratosphere (altitude 47,000 ft.) 


corrected by the collection efficiency, measured in 
these conditions to be 85 per cent. The monthly 
concentration plotted is the mean of samples from 
about twenty sorties. 

A simple calendar of nuclear test explosions has 
been fitted to both figures. This has been drawn 
mainly from results published by Harris’ and is 
restricted to explosions of high yield (megaton). It 
should be recognized that explosions of low yield 
(kilotons) occurred frequently at other times. 

The following observations are based upon deduc- 
tions from the evidence of Figs. 1 and 2. 

The concentration of c#sium-137 in the tropo- 
sphere follows a seasonal variation, exhibiting peaks 
in the spring, about May, and troughs in the autumn. 
This is similar to the effect observed in rain-water by 
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Stewart at al.43. On the other band, the record of 
cssium-137 concentration in the lower stratosphere 
(Fig. 1) does not follow the same seasonal variation. 
. During 1957-69 a peak appears in January that may 
represent a seasonal movement of debris mjected in 
the preceding months. 

The ratio zirconium- -95/cesium- -137 is a useful 
index of the age or origin of the mixture of fission 
products. Within a few months after a new series of 
test explosions the disturbed conditions are followed 
by a ‘settled period’ during which this ratio decays 
fairly regularly. In some settled periods this decay- 
rate corresponds to the radioactive half-life of 
zirconium-95 (65 days), as drawn in the diagrams. 
Such correspondence implies good mixing, in the 
regions of sampling, of new fission products from the 
recent explosions with those from previous explosions, 
that is, samples are taken from a source of radioactive 
meterial that is supplied in constant proportions 
from the ‘reservoirs’ of new and old debris. 


The proportion of new activity may be caloulated “ 


from the isotope ratios. For example, during January— 
June 1959 the proportion of activity in the tropo- 
sphere due to explosions of autumn 1958 was about 
45 per cent. This estimate is to be compared with 
-~60 per cent derived from the ratios strontium-89/ 
atrontium-90 in rain-water at Milford Haven‘ and 
with 40-50 per cent calculated by Ambrosen’ for 
rain-water in Denmark. Departure of the plotted 
ratios zirconium-95/cesium-137 after mid-1959 from 
the earlier line of decay (Fig. 2) corresponds to a 
reduction in this proportion, that is, to a relative 
increase in the rate of supply of old debris. 

The debris sampled in the lower stratosphere after 
the autumn 1958 explosions shows evidence (Fig. 1) 
of good mixing in the second half of 1959. Previously 
in 1959 the behaviour of the zirconium-95/omsium-137 
ratios is again consistent with a relative increase in 
the rate of supply of old radioactivity. 

Differences between the troposphere and lower 
stratosphere in the durations of the settled periods 
and the values of zirconium-95/c@sium-187 are 
significant. The explosions of autumn 1958 have in 
the latitudes of the United Kingdom produced a 
proportionately larger increase in the activity in the 
troposphere than in the lower stratosphere. This is 
contrary to the situation in the summer of 1958. Inthe 
latitudes of the United Kingdom the two regions of the 
atmosphere have maintained separate identities, as de- 
fined by theratio zirconium-96/c#eium-137 during 1959. 

A fuller account and discussion of the concen- 
tration of activity in air and rain-water will be 
published later. 

D. H. Parrson 
B. N. CROOKS 
E. M. R. FIsumR 
Health Physics Division, 
Atomic Energy Research Establishment, 
Harwell. Feb. 24. ` 
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Isotopic Composition of 
Potassium 


RECENT measurements'* of the natural isotopic 
composition of potassium have yielded values for the 
potassium-39/potassium-41 ratio ranging from 13-48 
+. 0:07 (Nier) to 13-96 + 0:05 (Omura and Morito). 
These results are not inconsistent with the presence 
of variations of 1 or 2 per cent in the potassium-39/ 
potassium-41 ratio for different samples. Earlier 
measurements, many of which have been summarized 
by Reutersward®, cover an even wider range, and 
include numerous reports’-!* of differences of 1 per 
cent or more between, the potassium-39/potassium-41 
ratios of minerals, normal and cancerous human 
tissues, and other biological samples. More recently, 
Voshage and Hintenberger’* have shown that 
potassium of abnormal isotopic composition can’ be 


produced naturally as a result of the action of cosmic . 


rays on iron meteorites. 


The ratio potassium-41/potassium-40 was measured - 


by Nier! for a sample of mineral origin and found to 
be 578 + 6. 
mineral samples have agreed with this figure within 
1 or 2 per cent. Fenn e al.™ have reported a difference 
of approximately 3 per cent in the specific radio- 
activity of potassium salts from mineral and bio- 
logical sources. This implies a corresponding difference 
in the relative isotopic abundance of the radioactive 
Isotope potassium-40. However, other workers's,1¢ 
using & similar technique have found no significant 
differences between the specific radioactivities of 
potassium salts separated from various mineral and 
biological materials. 

This communication E A & survey of the iso- 
topic composition of potassium in natural samples. 
The survey was carried out in two parts. In the first, 
fifty potassium-38/potassium-41 analyses were made 
on twenty-seven different samples; in the second, 
twenty potassium-41/potassium-40 analyses were 
made on fifteen different samples. Each group of 
samples included minerals (among them two micro- 
clines giving anomalous potassium—argon ages), 
normal and cancerous human tissues, embryonic 


tissue, Indian Ocean sea water, two tektites (austral- 


ites} and one plant sample (Scaevola spinescens). 
Extensive tests were carried out to eliminate sources 
of experimental error and to establish accurately the 
probable errors due to the remaining random effects. 

Isotopic analyses were carried out with a 60-degree, 
first-order single-focusing mass spectrometer with a 
14-cm. ion path radius. Features of the instrument 
were the use of a new type of single-filament ion 
source’? allowing accurate comparison of isotope 
ratios, use of dual ion-ourrent collectors and amplifi- 
era’, and the stabilization of potassium-39 ion 
currents to allow more accurate measurement of the 
potassium-40 ion currents. A rotating source 
assembly allowed rapid interchange of ion sources 
without changing the vacuum conditions or the 
adjustment of the ion gun. Chemical separation of 
the potassium as the tetraphenylboron salt was carried 
out for each sample, this being converted to the nitrate 
before analysis. 

The repeatability of the resulta was obtamed by 
repeated analysis of samples from a homogeneous 
standard material (potassium nitrate, the potassium 
originating from the Stassfurt aylvine deposit). The 
probable error for any single analysis was close to 
0-3 per cent for pone 39/potassium-41 ratios, 
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and 0:7 per cent for potassium-41/potassium-40 
ratios. 

Investigations were carried out on the effects of 
gas scatter, non-linearity and temperature sensitivity 
of the measuring circuits, secondary electron emission 
from the collectors, ion reflexion from the collectors, 
stray magnetic fields in the source region, and other 
factors. In no case did the neceasary correction to the 
potassium -39/potassium-41 ratio exceed 1 part in 
1,000. e 

Tests to determine the effects of impurities in the 
sample materials showed that, if analyses had been 
carried out without any chemical purification of 
the samples, the potsassium-39/potassium-41 ratios 
would have been subject to systematic errors ranging 
up to 3 per cent. Errors of this magnitude were 
associated with sample solutions in which only a few 
per cent of the total number of cations in each sample 
were potassium ions. A somewhat similar effect has 
been reported by Reutersward’. The mechanism of 
the effect has not yet been definitely established. 

Tests to establish the degree to which samples were 
contaminated by ‘normal’ potassium were carried 
out using synthetic control samples of anomalous 
potaasium-398/potassium-41 ratio. Contamination 
effects were proved to be negligible in all stages of the 
chemical treatments and in the actual isotopic 
analysis. 

The overall distributions of results for both groups 
of samples were similar to the random distributions 
obtained by repeated analysis of the standard KNO, 
None of the samples showed a significant difference 
«n either potassium-39/potassium-41 or potassium-41/ 
potassium-40 ratio relative to the standard. It 
follows that the assumption of constant potassium-40 
relative abundance, widely employed in the 
application of the potassium—argon dating method, 
is probably valid within very small limits, at least 
in the case of terrestrial samples. The normal isotopic 
composition of the australites shows that there is no 

i cant age difference between the potassium from 
these and terrestrial sources. The normal potassium- 
39/potassium-41 and  potassium-41/potassium-40 
ratios obtained for human tissue suggest that claims 
of abnormal radioactivity of potassium from organic 
sources may be due to the presence of impurities in 
the sample materials. 

The systematic errors which can apparently arise 
from the analysis by solid source techniques of samples 
containing large quantities of impurities may explain 
many of the previous reports of significant variations 
in the potassium-39/potassium-41 ratio of natural 
potassium. 

The values obtained for the mean ratios potassium- 
39/potassium-41 and potassium-41/potassium-40 in 
the ion beams reaching the mass spectrometer ion 
collectors from the standard samples were 13-77 +- 
0-03 and 576 + 3 respectively. The quoted errors are 
probable errors. 

Tt must be noted that mean ion current ratios, 
although usually assumed equal to the ratios in the 
sample material, are not absolute ratios. They include 
the effects of all systematic errors occurring up to the 
time of arrival of the ions at the collectors. Such 
errore can only be definitely established by calibrating 
the instrument with a sample of known isotopic 
composition. To eliminate all possible sources of 
error, the calibration sample must be in the same 
chemical form and of almost the same isotopic com- 
position as the sample materials. No mass spectro- 
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meter appears to have been calibrated for potassium 
in this way, although a calibration with a synthetic 
argon isotope mixture has been made by Nieri. 

The availability and cost of separated potassium 
isotopes of high purity are now such that there must 
be several laboratories in a position to attempt 
absolute determinations of the isotopic composition 
of potassium. Existing instruments could be cali- 
brated with accurately prepared gravimetric mixtures 
of separated isotopes m approximately normal 
proportions and used to obtain the absolute isotopic 
abundance ratios. Laboratory potassium salts, in 
view of the apparent constancy of the isotopic 
composition of potassium, could then be generally 
used for the calibration of mass spectrometers and for 
the measurement of absolute values of isotopic 
fractionation effects in the various types of ion 
sources. Such measurements could be expected to 
contribute substantially towards a better under- 
standing of surface ionization phenomena. 

Thanks are due to the many persons who assisted 
with the collection, identification and preparation of 
the samples. Prof. C. J. Birkett Clews and Dr. P. M, 
Jeffery are thanked for their guidance and encourage- 
ment. The work was supported by the New South 
Wales State Cancer Council, Dr. K. W. Starr, the 
University of Western Australia Research Grants 
Committee and the Australian Atomie Energy 
Commission, to which I am also mdebted for a 
Postgraduate Research Studentship. 

B. R. F. KENDALL* 
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Electron Spin Resonance in Hydrogen 
Peroxide ~ Water Solutions at 90° K. 
irradiated with Ultra-Violet Light 


ELECTRON spin resonance measurements bave been 
made on ultra-violet irradiated hydrogen peroxide — 
water solutions. The electron spin resonance spectro- 
meter works at 9°35 kMc./s. and uses a conventional 
phase-sensitive detector system, with a field modu- 
lation frequency of 280 c./s. 

The hydrogen peroxide -—- water solutions were 
frozen at 90° K. in quartz tubes. Solutions of con- 
centrations 46-87 per cent w/w hydrogen peroxide 
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Fig. 1. Primary radical produced by ultra-violet on 37 per cent 
hydrogen peroxide at 00° K. 


formed transparent glasses without much cracking. 
They were then irradiated for several hours using 6 
Hanovia mercury vapour lamp. The ultra-violet 
light was filtered by the ‘Pyrex’ glass Dewar holding 
the frozen samples so that only wave-lengths longer 
than approximately 3000 A. were transmitted. 

The samples were quickly transferred to the 
spectrometer cavity (also at 90° K.) so that no warm- 
up took place. They then gave the spectrum shown in 
Fig. 1. The shape of the spectrum is very nearly the 
same for all the solution concentrations tested 
—46, 61, 78 and 87 per cent w/w. The g-values 
for the various points of the spectrum of this ‘primary’ 
free radical are given in Table 1. The samples were 
then warmed up by transferring them to a copper 
block maintained at a given temperature, storing 
them there for 5 min., and then returning them to the 
cavity, which was kept at 90° K. This process was 
repeated many times for the same samples, raising 
the temperature of the copper block between each 
step. On warming to temperatures above 130° K., the 
primary free radical is converted to another ‘second- 
ary’ free radical. The spectrum for this radical is 
shown in Fig. 3. The conversion of the primary 
radical to this secondary radical is shown in 


Fig. 3, where z Tt and n; +n, are plotted against 
1 2 

warm-up temperature (n, is number of radicals of 

primary species and n, is number of radicals of 


Pa were daloulated 
itn, 


from the relative heights of the peaks g, and g, in the 
various spectra. It is seen from Fig. 3 that radical 
destruction takes place over the same range of 
temperature as that in which primary radicals are 
converted to secondary radicals. Measurements of the 
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130 + 5°K. for the four solution concentrations 
tested. The g-values of the various points of the 
secondary radical are also given in Table 1. The 
spectrum of the secondary radical shows the g-value 
anisotropic shape predicted by Searl et al. for a 
polycrystalline sample containing axially symmetric 
crystals, and which identifies g, a8 g and g, a8 gz. 
The spectrum also shows hyperfine sphttmg of amount 
11 + 2 gauss on the g, and g, peaks. 

The occurrence of two separate radicals under 
these conditions does not appear to have been 
reported before. Electron spin resonance tra have 
been. recorded by Kaitmazov et al.* from ultra-violet 
irradiation of hydrogen peroxide — water solutions 
at 77° K. without warming the sample above this 
temperature. They found a spectrum which showed 
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Fig. 2. Secon radical produced by ultra-violet in 87 per cent 
hydrogen peroxide at 90° K., warmed up to 188° K., and then 
measured at 90° K. i 
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Fig. 3. Plot of rR (@) and n, +m, (C against tempera- 
tare of warm-up for 87 per cent hydrogen peroxide 
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the same g-values as the primary radical above, but 
which also showed e hyperfine splitting of 12 gauss 
on the gą peak. At therefore appears that their samples 


The discrepancy between their spectrum and that of 
Fig. 1 might be explained if Kaitmazov eż al. used 
ultra-violet wave-lengths shorter than 3000 A. Hodg- 
son et al.? also performed electron spin resonance 
measurements on & 40 per cant solution irradiated at 
77° K. with 2587 A. ultra-violet; but the resolution 
obtained was not good enough for comparison with 
the above measurements. It is also quite likely that 
the spectrum for the primary radical (Fig. 1) contains 
a small amount of secondary radical spectrum, and 
this might account for the g, shoulder. The secondary 
radical spectrum has been reported before by 
Gorbanev et at.‘ and also by Ghormley et al.®, using 
the method of dissociation of hydrogen peroxide and 
water in an electrical discharge and freezing the 
products at 77° K. The spectrum shown in Fig. 2 is in 
agreement with these measurements; in particular 
Ghormley et al. quote g, = 2-027, g, = 2:0085, 
which agree within imental error with the 
values given in Table 1. We have also performed 
similar discharge ied area and obtained agreement 
with the secondary radical 

Further: experiments are now being performed in 
order to obtain more information on these two 
radicals, and the results of these measurements will be 
published in due course. It is hoped that this informa- 
tion will be sufficient to identify the radicals. 
« The hydrogen peroxide for these measurements was 
kindly supplied to us by Laporte Chemicals, Ltd. 
We wish also to acknowledge grants for apparatus 
and for one of us (R. C. 8.) from the British Empire 
Cancer Campaign. 

ROBERT C. SMITH 
S. J. WYARD 
Department of Physics, 
Guy’s Hospital Medical School, 
London. 
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RADIOPHYSICS 


lonospheric Effects associated with the 
Solar Flare of July 10, 1959 


On July 10, 1959, the Sydney Observatory reported 
a class 3+ solar flare lasting from 0210 to 0410 v.t. 
The Cable and Wireless, Ltd., Receiving Station at 
Singapore also experienced a sudden fade-out of all 
radio circuits at 0210 v.T., the circuits not being 
re-established until between 0415 and 0430 v.t. 

Ionospheric changes associated with the flare were 
observed at the Department of Scientific and Indus- 
trial Research Radio Research Substation at Singapore 
by using an automatic ionosondet. Fig. 1 shows 
measured values of f,/”2 and of the lowest frequency 
on which reflexions were obtained from the Æ or the 
F layer (f min.), together with median values for the 
same parameters for control days (July 1-20). A large 
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change in f min. occurred between 0200 andy0230 U.T., 
and this is in agreement with the reported time of 
occurrence of the flare. The changes may be com- 
pared with those observed during the solar flare of 
February 23, 1956 3,5. 

An approximation to the increase in the electron 
density in the D layer has been computed from 
measurements of f min. and is presented in Fig. 2 asa 
ratio : 

B/By = (fl + SLP? + fL)? 
where fL is the gyrofrequenoy around the vertical 
component of the geomagnetic field, fl is f min. 
on July 10, 1959, f2 is f min. on control days (median), 

A pulse in the measured values of f,/2 was also 
observed immediately after the period of very high 
absorption. This pulse is similar to that studied by 
Minnis and Bazzard® and the same technique has been 
used to form an estimate of the amplitude of the pulse. 
On this occasion the best measured value of f,F2 
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Fig. 2. Ratio of D-layer ionisation on dont ee 1958, to median 
value of that observed on control days 
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Fig. 3. Difference between measured and probable values of fF? 
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prior to the disturbance was at 0200 
U.T., and the most probable values for 
subsequent hours have been derived 
from this value and results recorded 
on the contro] days. The differences, 
Af, between the measured and prob- 
able values of f,#2 at each hour are 
shown in Fig. 3. The pulse reached 
itg maxumum amplitude between 0300 
and 0400 v.t., the time of day in July 
when f,f2 normally reaches its maxi- 
mum value at Singapore. 

Differences between the measured 
and probable values for all hours be- 
tween 0200 and 1200 v.r. on each day 
in July have therefore been exam- 
ined for similar pulses but none was we 
found. The enhanced ionization of the 
F2 layer on July 10 can therefore 
reasonably be attributed to the effecte 
of the solar flare. 

The work described was carried out as part of the 
programme of the Radio Research Board. The work 
is published by permission of the Director of Radio 
Research of the Department of Scientific and Indus- 
trial Research. 

V. A. W. HARRISON 

Radio Research Station, 

Department of Scientific and 
Industrial Research, 
Slough. 
 Olarke, 7 Pa Shearman, E. D. R., Wireless Eng., 30, 211 (1958), 
* Minnis, O 
Phys., 9, Mabe (1956). 
* Minnis, O. M., and Bazzard, G. H., Nature, 181, 690 (1958). 


Observations of Atmospheric Radio Noise 


Recount observations of radio noise from the 
upper atmosphere mainly at a frequency of 5 ke./s. 
have shown that it appears frequently to come from 
sources of limited geographical size. For example, 
records of the noise amplitude at places only 1,000 km. 
apart differ considerably in their time variations, 
while directional measurements of the apparent 
noise sources have suggested that they are sometimes 
as small as 600 km. in extent’. 

Yet, although the illumination of the Earth by 
this radiation in the Australian area appears to be 
both patchy and sporadic, its occurrence is clearly 
associated with world-wide disturbances of the geo- 
roagnetic field. It is therefore of some interest to 
examine any evidence for a world-wide noise pattern. 
Aarons, Gustafsson and Egeland‘ have reported 
observations of radio noise in the kilocycle region at 
Kiruna, Sweden. They detected the radiation 
mainly in two bands centred at about 750 c./s. and 
2 5 ke./s. between the hours 0600 and 1900 @.m.r. on 
December 6, 1958. 

Examination of routine records of radiation 
amplitude in the band 4 ke./s.-6 ke./s. obtained at 
Camden, New South Wales, has shown that followi 
a geomagnetic sudden commencement (8.8.C.) at 
0035 a.m.t., December 4, 1958, a noise storm began 
suddenly at 1250 a.m.t. on the same day and lasted 
until 3200 G.w.r. on December 5, 1958. As found on 
many other occasions at Camden its beginning 
coincided with a bay-like variation in the magnetic 
record. Fig. 1 shows a comparison of the Kiruna and 
Camden geomagnetic and noise records. The: early 


NATURE 


aac aneanaa and Bevan, H., ©., J. Atmos. Terr. 


229 
2°5 ke./s. noise 
Kirunas 


e —+4 





E A—Kirnna 


y TYV 


§ ko./s. Noise Camden 


16 24 08 16 24 08 16 24 
GALT. 


Fig. 1. Companson of geomagnetic and very-low-frequency noise records (December 4, 


from Kiruna, Sweden, and Oamden, New South Wales 


part of the noise storm was apparently not recorded 
at Kiruna although this could have been due to the 
different recording technique used at the two places. 

It therefore appears likely that there is a world- 
wide pattern of noise Ulummation during geo- 
magnetic disturbances, although more examples will 
be needed to confirm this. The study of this pattern 
may be of considerable importance because of the 
possibility that it represents an image’ of the” dis- 
turbed. regions of the outer atmosphere which are the 
sources of auroral particles. Investigations of 
whistling atmospherics have led to the belief tha» 
they are guided by ionization ducts in the outer 
atmosphere, probably lying along the geomagnetic 
field lines’. These magneto-ionic ducts will also 
guide any radiations in the kilocyele frequency 
band which sre generated in the outer atmosphere 
and will thus project an image of the radiation 
sources on to the ionosphere. The radiation itself 
is likely to be caused by emission from fast 
charged particles traversing the pino of the outer 
atmosphere. 

Future studies of the world image ab 5 ko. js. may 
be made either with a network of-ground receivers or 
with satellite receivers. For an instantaneous 
picture, ground receivers would be necessary since a 
satellite takes 24 hr. to scan the whole Earth, whereas 
the average duration of noise bursts is only about 
3 hr. Also, the geographical spacing between success- 
ive orbits is considerably greater than the scale of the 
fine structure of the image so far established’. 
Satellite and ground-based techniques are thus 
complementary and it is planned at this laboratory 
to make use of both. 

The geomagnetic records of Toolangi Geomagnetic 
Observatory were supplied by the Commonwealth 
Bureau of Mineral Resources. 

G. R. A. Enis 


Upper Atmosphere Section, 
Commonwealth Scientific and Industrial Research 
Organization, 

Camden, 

New South Wales. 
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Correlation of Occurrence of Whistlers 
with Geomagnetic Activities 


In order to study the correlation of geomagnetic 
activities with the frequency of occurrences of 
whistiers,. I.have investigated the I.G.Y. and I.G.C. 
‘data for 2 years, that is, July 1, 1957—June 30, 1959, 
at the stations Toyokawa (geogr. co-ord. 34° 50’ N., 
137° 22’E.; geomag. co-ord. 24-5°, 203:6°) and 
Wakkanai (geogr. co-ord. 45° 22’N., 141° 41’ E.; 
geomag. co-ord. 35-3°, 206-0") and the 3-hr. range K 
indices of Kakioka Magnetic Observatory. 

To show most effectively the geomagnetically 
disturbed days, I have defined as ‘effective K index’ 
the sum of products of the K-indices 5, 6-5 (for 
6 or 7) and 8 (for > 8) and their number of 
occurrences per day; the indices 5, 6 or 7 and > 8 
mean moderate storm, moderate severe storm and 
severe storm, respectively. At first I drew a diagram 
showing the correlation between my ‘effective K 
index’ and the numiber of occurrences of whistlers, 
and found that they can be classified fairly distinctly 
into two groups: one belongs to the winter group, 
October (or November)—-March (or April), where many 
whistlers are found every month; the other to the 
summer group, May-September, where smaller num- 
bers are found. It seems that it is difficult to find a 
single law applicable both to winter and to summer 
groups. 

It may be deduced that the frequency of occurrences 
of whistlers has a definite seasonal variation depending 
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Table 1, CORRBLATION BMTWHEN LAG OF eee OF WHISTLERS 
AND GROMAGNETIO DISTURBANOR 
Lag of days of 
oocurrences 


magne 
disturbances —8 —2 —~J 0 a 2 3 


Coefficient of 

correlation ~Q 11 —0 21 —0 12 —0 25 —0 19 +0680 40:20 
on thunderstorm activities, distributions of electron 
density and. geomagnetic intensity in the exosphere 
and in the ionosphere due to solar activities and other 
yet unknown cosmic phenomena; daily variations 
due to effective K index are superposed upon this 
general seasonal variation. Therefore I investigated 
the correlation of the effective K index with the 
frequency of occurrences of whistlers observed at 
Wakkanai in most frequent periods, that is, during 
September and December 1957, January, February, 
March and December 1958, January, February and 
March 1959; Wakkanai was selected owing to 
remarkable occurrences of whistlers there. 

Taking as reference disturbed days where effective 
K indices are more than 6, I investigated the correla- 
tion with the frequency of occurrences of whistlers, 
and found that it was most remarkable on the second 
day after geomagnetic disturbances; really the 
correlation coefficient on the second day was 0-60, 
as shown in Table 1, and in Fig. 1, from which I 
conclude that whistlers occur most frequently on 
the day which lags two days after geomagnetic 
disturbances. In the summer group the same correla- 
tion as that in the winter was not found. 


ATSUSHI KIMPARA 
Research Institute of Atmospherics, 
Nagoya University, 


Toyokawa-shi, Aichi-ken. ~ 
Feb. 24. 


GEOCHEMISTRY 


Origin of Chondrules and Chondritic 
Meteorites 


Mox» than 90 per cent of all stony meteorites are 
classified as chondrites, because of the presence of 
chondrules—spheroidal aggregates of one or more 
silicates, commonly olivine and orthopyroxene. In 
form, texture and structure chondrules are not like 
any spheroidal bodies observed in terrestrial rocks, 
and their origm has been argued by investigators 
of meteorites for more than a century, without a 
generally accepted solution being reached. Roy! has 
recently provided an admirable summary of the 
hypotheses of origin. Most of these hypotheses imply 
that chondrules were derived originally from the 
crystallization of a silicate melt. These hypotheses 
are often linked with the generally accepted belief 
that these meteorites are fragments of a disrupted 
body of asteroidal or planetary dimensions. 

I would suggest an alternative hypothesis, that the 
structure of chondritic meteorites is the result of 
reaction and recrystallization of pre-existing material 
essentially in the solid state, and that many, if not all, 
chondritic moteorites, instead of bemg fragments of a 
disrupted planet or asteroid, bave always been 
independent and individual objects. 

The pre-existing material I believe is represented 
by the carbonaceous chondrites, a small group (19 
out oF a total of about 800 chondrites), quite distinct 
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from all other meteorites in chemical composition 
(they contain carbon, organic compounds, water- 
soluble compounds, and much combmed water) and 
in mineralogical composition (the silicate material is 
largely chlorite, a hydrated magnesium—iron, silicate). 
Chlorite decomposes on heating above about 600° O. 
to give olivine and orthopyroxene; if carbon is 
present, a natural smelting will take place, reducing 
some of the combined iron to metallic iron, and 
thereby increasing the magnesium content of the 
silicates. The reactions can be represented as 
follows : 


Mg,Fe,8i,0,,(0H), > 2(Mg,Fe),810, + 2(Mg,Fe)810, + 4H,0 


chlorite olivine orthopyroxens 


| +20 


4MgSiO, + 2Fe + 2CO, 


These reactions will produce the mineralogical 
composition of the usual chondritic meteorites, an 
aggregate of olivine and/or orthopyroxene, with 
some metallic iron. ‘This relationship between 
carbonaceous chondrites and the other chondritic 
meteorites was pointed out by Wiik’, who stated : 
“This is intended only to give a picture of the chemical 
relations between the subgroups, and not mtended 
to suggest-the genesis’. I beleve this is not only a 
chemical relationship but also a genetic one, 

The texture and structure of the chondritic 
meteorites is quite remarkable if they have origmated 
in any body with a considerable gravitational field. 
Many of them are very porous and friable, so much so 
that they can be crumbled in the hand, indicating 
they were not consolidated under pressure. They 
generally contain nickel-iron in amounts ranging from 
5 to 25 per cent, this metal being intimately mixed 
with the low-density silicate mmerals and showing no 
sign of gravitational segregation. Both these features 
are readily explicable if these meteorites are the 
product of chemical reconstitution of carbonaceous 
chondrites triggered off by heating to 600°C. or 
higher. A possible explanation is that carbonaceous 
chondrites represent aggregates of primitive cosmic 
dust, and that most of them have, during the course 
of geological time, approached sufficiently close to the 
Sun to be heated enough to set off the reactions 
converting them to olivine—pyroxene chondrites. 

Suggestive evidence in favour of such an explana- 
tion is provided by the age data on chondrites. 
Gerling and Rik? have measured the ages of several 
chondrites by the potassium-argon method, and 
found them to differ one from another, ranging from 
720 x 10° years up to 3,000 x 10% years. Different 
ages for different chondrites are to be expected on the 
hypothesis outlined here, since the potassmm—argon. 
age will give the time since recrystallization. 

The hypothesis outlined here can be tested if we 
can devise methods for determining the temperature 
of crystallization of the mmerals making up the 
chondrites. A few clues are already available. The 
St. Marks stone contains quartz, and hence its 
temperature of crystallization (af zero pressure) 
cannot have exceeded 867°C. The Indarch stone 
contains tridymite, which, if it crystallized within the 
field ôf stability of this mineral, implies a temperature 
of crystallization between 867° and 1,470°C. Other 
geochemical thermometers which should be investi- 
gated are: (a) composition relationships between 
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olivine and co-existing pyroxene ; (b) the nature of 
the plagioclase feldspar (present in small amount in 
most stone meteorites), whether low-temperature or 
high-temperature ; (c) the nature of the nickel—iron 
phases—both kamacite and tenite are present in 
many stony meteorites, but usually as mdividual 
grains, not in Widmanstitten intergrowths. Investi- 
gations along these lines are proceeding in this 
Museum. 

If the origin of the chondritic meteorites is that 
outlined above, the other meteorite types—achon- 
drites, pallasites, and siderites—can be explained as 
the products of gravitational differentiation 
of a planetary or asteroidal body formed 
by the aggregation of chondrites. Such 
a body would probably pass through a 
molten stage as a result of the heat pro- 
duced by aggregation, chemical reactions, 
and nuclear disintegrations. Given a mod- 

erate gravitational field, this would pro- 

duce a silicate mantle overlying a metalle 
core. Subsequent disintegration would give rise 
to the essentially metal-free achondrites, and the 
silicate-free siderites, the few pallasites coming 
from a transition zone. In this connexion it should 
be noted that diamonds have been found only 
in siderites and achondrites, indicating that only 
these meteorites crystallized under sufficiently high 
pressures. : 
Beran Mason 
American Museum of Natural History, 

New York 24, N.Y. 


* Boy, 8. K. Meldiana, Geology, 10, No. $1 (1967). + 
* Wilk, H. B., Geochim. Cosmochim, Acta, 9, 279 (1956). 
* Gerling, B. K. and Rik, K. G., Metsoriiska, 10, 37 (1052). 


CHEMISTRY 


Pentafluoropyridine | 
Ix two recent communications’, a‘general method 


for the preparation of perfluoro-aromatio compounds. 


was described. It involved the defluorination of 
saturated’ and unsaturated! cyclic flnordcarbons over 
a metal surface at 400-600°, when the corresponding 
aromatic fluorocarbons were produced. For example, 
hexafiuorobenzene was obtamed! from octafluoro- 
eyelohexa-1:3- or -1:4-diene, and octafluoro- 
naphthalene? from perfluorodecalin ; several other 
examples were also described?. 

We now report the first synthesis of an unsaturated 
perfluoro-heterocyclic compound by a similar process. 
The starting material was undecafluoropiperidine, 
which was prepared by known routes—the electro- 
chemical fluorination of either piperidine? or pyri- 
dine*.*. When passed through a heated nickel tube 
(2 ft. 6 m. long X 1 in. diameter) packed with nickel 
gauze, this gave pentafluoropyridine m moderate but 
significant yields. In a typical experiment, undeca- 
fluoropiperidine (3-4 gm.) was passed through the 
tube at 560° with a nitrogen flow-rate of 4-0 litres/ 


hr. Gas-liquid chromatographic analysis (dinonyl ' 


phthalate/kieselguhr : nitrogen carrier gas) of the 
pyrolysate (2-1 gm.) showed that at least four com- 
ponents were present in addition to some un ed 
starting material. The component with the highest 
retention time was separated from several combined 
pyrolysates (5:0 gm.) by preparative-scale gas-liquid 
chromatography! and was distilled tn vacuo from 
phosphorus pentoxide to give pentafluoropyridine 
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(0-55 gm.), boiling point 84°, nj} 1-3834 (found : 
C, 35-6; C,F,N requires ©, 35- 5 per cent): mass- 
spectrometry, principal mass peaks: 169, C,F,N ; 
150, CF N ; 138, C, FN ; 124, C,F,. The compound 
had Amax, 8b 254 mp (e, 2,700 in ethanol). The 
presence of strong bands in the infra-red spectrum at 
1,650, 1,537, and 1,505 cm.— was also consistents with a 
pyridine structure, and the absence of strong bands at 
frequencies higher than 1,650 em.-? showed that no 
olefinic bonds were present. 

The other three components from the pyrolysis 
have not yet been identified, but are believed to be 
unsaturated. 

Pentafluoropyridme is a colourless and almost 
odourless liquid. It is immiscible with water but 
miscible with organic solvents. We have been unable 
to detect any basic properties of the compound. A 
potentiometric titration in aqueous ethanol against 
N/20 acid showed no end-point. Hydrogen chloride 
in dry ether gave no hydrochloride, and no picrate 
was formed in ethanol solution. This behaviour is 
different from that of the primary amine penta- 
fluoroaniline’?, which was weakly basic and formed an 


easily hydrolysable hydrochloride in ethereal solution.. 


It is noteworthy that pyridine is a stronger base than 
~ aniline, 

We thank Dr. J. R. Majer for the mass-spectro- 
metric results. 
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A Modification for washing the Benzidine 
a Precipitate in the Determination of 
Sulphate 


Amona the numerous procedures that have been 
developed for determining sulphate with benzidme, 
that reported by Kent and Whitehouse! is most 
commonly employed as a micromethod. The reliability 
of the method has also been confirmed by me. 

In this, as in all the other procedures, difficulty is 
experienced in removing the excess of benzidine from 
the benzidine sulphate precipitate without losing any 
of the latter. The difficulty was previously overcome 
by collecting the benzidine sulphate pee in & 
porous glass filter crucible and washing the unreacted 
soluble benzidime thoroughly. The a yields 
accurate and reproducible results provided that the 
filter is of standard porosity and the filtering time is 
held constant. Owing to the difficulties associated 
with the use of the filter crucible, the method is, 
however, time-consuming. 


w 
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I have developed the following procedure for wash- 
ing the benzidine sulphate after its precipitation by 
the method of Kent and Whitehouse.- The contents 
of the precipitation tube are transferred to a centrifuge 
tube of about 10-ml. capacity which tapers to a 
sharp point. One drop of an aqueous suspension of 
barium sulphate which has been carefully rinsed. free 
of excess barium or sulphate ions is then added and 
it is centrifuged for 5 min. at 3,000 r.p.m. Two more 
drops of the barium sulphate suspension are added, 
and the tube centrifuged for a further 15-20 min. The 
upper clear layer is then removed and the mouth of 
the tube dried with cellulose tissue. About 9 ml. of an 
alcohol-acetone (1:1) mixture is added to the tube, 
and the precipitate is broken up with a stiff steel wire. 
The tube is centrifuged about 5 min., two drops of the 
barium sulphate suspension are added, and the 
centrifugation continued for about 10 mm. It should 
be noted that the total amount of barium sulphate 
added forms a cone 1-1-5'mm. high at the bottom of 
the tube when tightly packed. The upper clear layer 
is decanted, about 9 ml. of the alcohol-acetone 
mixture is added and the tube is centrifuged - for 
about 10 min. After the supernatant has again been 
removed, 3 ml. of N hydrochloric acid is added to 
dissolve benzidine sulphate precipitate, which is 


_ broken up with a steel wire. After 4 hr., 2 ml. of water 


is added to the tube, and the latter 1s centrifuged for 
5 min. The solution containing the benzidine is 
transferred to another tube for diazotization by the 
method of Kent and Whitehouse‘ 

The microprecipitate of benzidine sulphate 1s 
always enclosed between two tightly packed layers.of 
barium sulphate during the decantations. After the , 
first centrifuged precipitate has been broken up, the 
benzidine adsorbed on the barium sulphate is removed 
by washing with the alcohol-acetone mixture. After 
the centrifuged precipitate has been broken up as 


' second time, the pure benzidine sulphate is dissolved 


in the hydrochloric acid. The solubility of barium 
sulphate is so slight that it cannot cause any. signifi- 
cant error. 

In spite of its apparent complexity, the method 
can be readily employed in routine analyses. One 
hundred analyses can be performed daily with a 
centrifuge that takes 50 tubes and a larger throughput 
can be achieved by using a larger centrifuge. The 
accuracy of the method is about the same as reported 
by Kent and Whitehouse. The absorbance reading 
for the blank is 0 020 when a Beckman DU spectro- 
photometer is employed. 


I. P. T. HAEEKINEN 


Department of Physiology, 
University of Turku, 
Finland. 
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Freezing-Point Depressions of Hoagland’s 
‘Carbowax’ Systems 


SoLUTIONS of various osmotic pressures have been 
widely used in biology. Sugars and their derivatives, 
commonly used to maintain osmotic pressures, have 
the drawback that many, if not all, of these com- 
pounds can be metabolized by the test tissue or 
organism. McClenden and Blinks! described the use of 
‘Carbowax 4000’ (polyethylene glycol) in main 
various osmotic concentrations in a study of the Hill 
reaction. - Excellent results were reported. This 
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laboratory has successfully used ‘Carbowax 4000’ 
in a study of water uptake by bush beans, Phaseolus 
: vulgaris. We believe our resulta on freezmg pomt 
depressions of complete Hoagland’s solutions contain- 
ing various concentrations of ‘Carbowax 4000’ may be 
of value to other investigators. 

‘Carbowax 4000’ was dissolved in Hoagland’s 
complete nutrient solution’. The freezing point 
depression was routinely checked about 24 hr. later. 
Solutions could be kept a week at room temperature 
without any effect on freezing-point depression. 
This lack of ageing effect agrees with the resulte 
of Couper and Eley’. Beckmann freezing-point 
apparatus was used for all determinations. For 
solutions containing 0-60 per cent (w/v) ‘Carbo- 
wax 4000’, a brine solution (—10° C.) was used to 
lower the temperature; for solutions containing 
60-100 per cent (w/v) ‘Carbowax 4000’, chilled 
acetone (— 20° C.) was used ; for solutions containing 
100-110 per cent (w/v) ‘Carbowax 4000’, acetone-dry 
ice (held at — 30° C.) was used. The overlap between 
freezing solutions was used to maintain continuity. 

No difference could be detected in freezmg-poimt 
depressions of solutions determimed in two different 

mixtures. The results are presented in Fig. 1. 
It can be seen. that the curve, while smooth, deviates 
from van’t Hoff’s law. The pomts on this curve are the 
result of a single run. The complete sequence was 
determined several times, however. The greatest de- 
viation from the results presented here was 0-2 deg. C. 
From results presented here osmotic concentrations 
can readily be calculated. Couper and Eley? give 
resulte for freezing-poimt fopreengns of ‘Carbowax 
4000’ m water. 
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Some New Complexes of Rhenium 


No complexes with oxygen or acetylenic ligands 
of rhenium. have been previously reported, and the 
only known olefin complex was prepared indirectly. 
We have prepared acetylacetone (rhenium acetyl- 
acetonates containing other ligands have been’ pre- 
pared, Nyholm, R. 8., personal communication), 
acetylene and olefin complexes by direct ‘reaction 
of the ligands with various rhenium compounds. 

Acetylacetone reacts on refluxing with rhenium 
sesquioxide or rhenium dioxide to give rhenium 
iris(acetylacetonate) (Found: C, 36-7; H, 3-7; 
O, 20-1 ; Re, 38-9 per cent; required for Re(C,,0 #1): 
C, 36-0; H, 4:3; O, 19-7; Re, 38-3 per cent). 
The complex forms brown paramagnetic crystals 
soluble in alcohol, acetone and chloroform. Its infra- 
red spectrum shows peaks typical of other transitional 
metal acetylacetonates*. Susceptibility measure- 
ments show that the effective magnetic moment is ° 
dependent on temperature, varying between 1-9 and 
2:3 Bm. The variation is probably due to anti-, 
ferromagnetic effects and the low moment is similar 
to that of other octahedral Re(I1) complexes? which 
have been interpreted by Kotani theory‘. 

Very stable monomeric, diamagnetic acetylene com- 
plexes were obtained directly from rhenium trichloride 
and triphenylphosphine rhenium trichloride’, for ex- 
ample, phenylacetylene gave ReCl(C ,H,0C=CH), with 
the trichloride. In these compounds the triple C=C 
bond is reduced effectively to a double C=C bond 
as shown by the shift of the C-—C stretching frequency 
down to 1,700 cm.-!, and the acetylene may be 
regarded as ‘bonded to the metal by two o bonds from 
the carbon atoms adjacent to the multiple bond, as ` 
suggested by Chatt for the platinum acetylene com- 
plexes‘. 

Complexes have also been obtained from hydroxy 
acotylenes; thus, with but-l-yne-3-methyl-3-ol a 
compound of formula ReCl(C,H,O), is obtained n 
the trichloride and ReCl.P(C,H;)s (CH0), from 
triphenylphosphine rhenium trichloride. Again the 
bonding in these compounds is similar to that in 
the analogous platinum complexes in which-it is 
thought that the acetylene acts as a bidentate ligand 
with bonding from both the triple bond {u bond) and 
the hydroxyl oxygen’. The infra-red spectra of the 
rhenium complexes show similar shifts in both the 
C=C and O--H stretching frequencies to those 
reported for the platinum compounds’. 

Rhenium trichlorideandtriphenylphosphinerhenium 
trichloride react with olefins; thus dicyclopentadiene 
gives ReCl,(C,,H1,), with rhenium trichloride. This 
black compound is insoluble in all solvents and is 
probably polymeric. From triphenylphosphine rhen- 
rum trichloride a compound ReCl[P(C,H,;).1(0:,.H,;), 
18 obtained which is readily soluble in organic solvents. 
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Infra-Red Spectrum of Garnets 


REGULARITIES in the infra-red absorption spectra 
of silicate minerals have been pointed out by Launer?. 
Very recently, a much more detailed atudy of the 
strong absorption of the garnets in the 800-1,000 
cm. range has been published by Wickersheim 
et al. My results in this field extend down to 
280 om.-! and may be summarized as follows. 

(1) If titaniferous garnets are excepted, the general 


e infra-red pattern is pretty uniform, irrespective of 


the nature of the trivalent and bivalent cations. 
This pattern is highly characteristic of the garnets, 
and has not been observed in more than a hundred 
other silicates so far investigated’. 

(2) The nearly linear relationship between the 
frequency v of a given band and the length of the cell 
edge a,, mentioned by Wickersheim® is verified for all 
the bands down to 500 cm.-}; it does not hold, 


* however, for the bands observed at low frequencies. 


This is readily explained by the fact that most of 
these low-frequency bands are related to metal- 
oxygen vibrations, their position bemg chiefly 
determined by the nature of the cation itself. 

On the other hand, it should be pointed out that, 
for certain bands at least, the slope of the straight 
line v versus a, is slightly but definitely different for 
the two principal families of garnets, namely, the 
pyralspite and the ugrandite series. 

(3) Garnets of the pyralspite family always exhibit 
one or two bands of low or medium intensity in the 
350-280 om.-! range. These bands are either missing 
or extremely weak for the garnets of the ugrandite 
family. This is reasonably explained if these bands 
are assigned to metal-oxygen vibrations of the 
bivalent cation (Fe TT, Mn U, Mg) in sight-fold co- 
ordination : in the dite garnets, this cation is 
mainly calcium, and the ionic bonds Ca—O should not 
give rise to discrete infra-red absorption bands. 

(4) Some details may be characteristic of a given 
type of garnet. The discussion of such details is out 
of place here, and will be given in a forthcoming paper. 

(5) In titaniferous garnets of the melanite-schorlo- 
mite—ivaarite series, the general infra-red pattern 
18 more or less altered, the degree of alteration being 
roughly proportional to the amount of titanium. In 
these garnets, titanium is in four-fold co-ordination 
(at least partly), and thus replaces silicon. This 
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assignment has been discussed at length ın a previous 
paper‘. 

From a more theoretical point of view, the most 
important feature is the uniformity of the bands 
assigned to SiO, fundamental frequencies. This 
uniformity is somewhat surprising, as ROO, octa- 
hedra and RUO, dodecahedra are the nearest ‘neigh- 
bours of the SiO, tetrahedra, and isomorphic 
replacement of either RUT or RU (which always 
occurs in garnets) should alter the local symmetry 
around the SiO, group. 

This is in contrast with the strong influence of 
the introduction of TiO, tetrahedra im the structure. 
This introduction does alter the infra-red pattern of 
the SiO, tetrahedra, although the TiO, and S8i0, are 
not mutually linked. 

This interesting behaviour is not restricted to the 
garnet type, and has been observed in other series 
of isomorphic orthosilicates?. 

P. TARTE 

Institut de Chimie, 

Université de Lidge. 

* Launer, P. J., Sgt Mineral., 37, 764 (1062), 


* Wickersheim, K. å., Lefever, R. A., and Hanking, B. M., J. Chem, 
Phys., 33, 271 (1960). 


3 Tarte, P. (to be published). 
‘Tarte, P. (tn the press). 


BIOCHEMISTRY 


Vitamin Aj Aldehyde in Hen’s Eggs 

We have recently reported! that vitamin A, 
aldehyde occurs in the ripe eggs of several marine 
teleost fishes, and is the predominant form of vitamin 
Ain them. In that paper we stated that we could not 
detect vitamin A, aldehyde in hen’s eggs, but further 
experiments have shown it to be present. 

Eggs from inseminated Light ‘Sussex hens on a 
breeder’s mash containing 2-4 i . of pre- 
formed vitamin A were used, the eggs being stored at 
4°C. until used. The yolk was separated from the 
white, and extracted as previously described for fish 
eges'. When the extract was subjected to gradient 
elution chromatography’, with a large column to take 
2 gm. of lipid, the fractions that might be expected 
to contain vitamin A, aldehyde gave in the Carr- 
Price test only a fleeting blue colour, which soon 
became reddish-brown. Ultra-violet absorption 
curves gave no definite proof of the presence of 
aldehyde. However, when these fractions were 
reduced with sodium borohydride and the product 
subjected to chromatography by a modification? 
of the method of Thompson, Ganguly and Kon’, 
vitamin A, alcohol was found by the Carr—Price test 
to be present, and was presumably derived from 
vitamin A, aldehyde in the original extract, the 
calculated amount being about 11 pgm. in the whole 
yolk. The other lipid material in the fractions 
apparently interfered with the direct characterization 
of the aldehyde. 

In herring eggs, the vitamin A, aldehyde is bound to 
a lipid and, either directly or indirectly, to proteint. 
If it were so in the yolk of hen’s eggs, then by first 
extracting the lipids with a fat solvent without 
denaturing the proteins, and then denaturing them 
and extracting again, it might be possible to separate 
the aldehyde from most of the lipid. To test this 
possibility, each of several yolks was freeze-dried, 
ground to a powder and extracted with diethyl ether 
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in a Soxhlet apparatus for 4 hr. The residue was then 
treated with 30 ml water and 60 ml ethanol and 
extracted with three 200 ml. lote of light petroleum 


in a Waring ‘Blendor’ under nitrogen. The two . 


extracta were taken to dryness and the residues 
weighed, dissolved in n-hexane and vitamin A, esters 
and alcohol’? and vitamin A, aldehyde! determined. 

The diethyl ether extract contained 75-80 per’ cent 
of the total lipids, 95 per cent of the total free and 
esterified vitamin A,, but no vitamin A, aldehyde 
(qualitative test by reduction to the alcohol form). 
The light petroleum extract contained 20-25 per cent 
of the total lipid, 5 per cent or less of the total free 
and esterified vitamin A, and all the vitamin A, 
aldehyde, in amounts of about 20 ugm./egg. This 
aldehyde was identified by its chromatographic 
behaviour, by its characteristic absorption maxima 
m the ultra-violet and in the Carr—Price test, and by 
formation of vitamin A, alcohol under the action of 
sodium borohydride. No vitamin A, aldehyde was 
detected. 


Table 1. MBAN VALUES FOR WHIGHTS OY WHOLE EGG AND OF YOLE 
AND FOR TOTAL AMOUNTS OF Vitamin A, B8TRES, OHOL AND 


i 
ALDEHYDE IN BEGGS FROM Two LIGHT SUSSEX HENS 





* Expressed as the equivalent quantity of vitamm A, alcohol. 


No vitamim A in any form was found in egg white, 
which contains‘a negligible quantity of lipid, so that 
measurements on the yolk apply to the whole egg. 
Table 1 shows that, as has been previously reported‘, 
vitamin A, alcohol is the predominant form in hen’s 
eggs, and that vitamin A, esters and vitamin A, 
aldehyde are prosent in about equal amounts. 


P. A. PLACK 
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National Institute for Research in Dairying, 
University of Reading. 
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Effect of Diphenylamine on the Synthesis 
of- Carotene 


A NUMBER of authors have shown that diphenyl- 
amine inhibits the synthesis of carotenoids mainly by 
micro-organisms'-‘. We have carried out investi- 
gations with a red yeast rich in carotenoids in order to 
interpret the mechanism of this mhibition. 

In 1958, Gyorgy Németh isolated from root 
nodules of Lupinus luteus certain micro-organisms 
which produced in a Rhizobium nutrient a red pigment 
and which were capable of fixing atmospheric nitro- 

ne", 

Wo used the same type of yeast. The ,micro- 
organiam was allowed to multiply in Roux flasks in 
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the form of a surface culture. The nutrieñt contained 
5 per cent bean extract, and to it was added 6 and 
20 mgm. of diphenylamune, respectively, in 100 ml. 
On the agar nutrient containing 5 mgm. of di- 
phenylamine, the content of carotenoids of the 
micro-organism essentially decreased and the red 
colour faded. On raising the concentration of diphenyl- 
amine to 20 mgm., the culture became completely 
colourless. Moreover, the quantity and nature of the 
carotenoids produced changes. In the presence of 
§ mgm. of diphenylamine the content of carotenoids 
was 110 ugm. in 10 gm. of culture, and in the presence 
of 20 mgm. of diphenylamine it was 40 ugm. as 
compared with 285 pgm. in control cultures’. 
Control cultures free of diphenylamine contained 
torulm, y- and f-carotene, and torularhodin. Of 
these compounds, torulm was present in the greatest 
quantity. On applying 5 mgm. of diphenylamine, the 
concentrations of carotenoids decreased by a similar 
extent, while in the presence of 20 mgm. of diphenyl- 
amine, neither torularhodin, the sole hypophasic 
pigment, nor y-carotene could be detected. Accord- 
ingly, on evaluating the data of distribution between 
solvents, of chromatograms and of spectra’, it can 
be stated that higher concentrations of diphenyl- 
amine inhibit the synthesis of the hypophasic pig- 
ment torularhodin and of y-carotene, both of which 


l belong, from a genetical aspect, to the group of 


‘younger’ carotenoids. Obviously also the synthesis 
of other carotenoids is simultaneously reduced to e 
similar extent. 
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Interaction between Albumin, Lecithin 
and Cephalin- 


Leorrains and cephalins form more or less stable 
combinations with proteins',*. These are believed to 
be the result of lipid-protein interaction’. Provided 
the method is applicable, information regarding the 
interaction may be obtained by an electrophoretic 
method‘ used for the study of interaction between 
dextrans and proteins. Essentially, this method 
uses the Antweiler micro-Tiselius apparatus to 
obtain spikes, at various pH’s and concentra- 
tions, of the two interacting substances and of 
their mixtures. Plotting the areas under the spikes 
against concentration enables one to determine a 
function of «, the specific refractive increment, and 
sometimes to decide as to whether the mixture of 
the two components has resulted in interaction 
between them. 
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In the case of albumin (Cohn’s fraction V) and 
lecithm dissolved in alcohol or cephalin dissolved in 
wet ether, the protein undergoes a change (possibly 
denaturation) at 20° O., the temperature used for 


electrophoresis. This factor must be dealt with 
first. 
la. “Denaturation’ of albumin by alcohol at 20° Q. 


To 2 ml. of 4 per cent albumin dissolved in Michaelis 
buffer at pH 6-6 is added 1 ml. of the buffer and 1 ml. 
of 25 per cent, 15 per cent, and 5 per cent ethanol ; 
after standing at 20° C. for 4 hr., the three systems 
are dialysed against Michaelis buffer at pH 6-6 for 8 
hr. at 20°C. Electrophoretic patterns are obtained 
for each system, ascending migration being allowed 
to occur for 6 min. The areas under the spikes are 
measured and compared with the ares under the 
spike (6 min. ascending migration) of a 2 per cent 
albumin in buffer at pH 6-6. For example, the area 
under the albumin spike was 86 arbitrary units, that 
under the spike for albumin plus 25 per cent ethanol 
56 units, that under the spike for albumin plus 15 per 
cent ethanol 60 units, and that under the spike for 
albumin plus 5 per cent ethanol 70 units. Increasing 
concentration of ethanol reduces the area under the 
albumin—ethanol spike; the important reduction is 
that produced by 25 per cent ethanol, which is from 
86 to 56 units. Call 566/86 = 0-65 or the factor F. 
1b. Effect of ether on albumin at 20° O. 
in exactly the same way as the above, at pH 6-6, and 
comparing the area under a 3 per cent albumin spike 
with the area under a 3 per cent albumin spike in a 
system containmg 6-65 per cent of ethyl ether 
e (nearly the highest concentration of ether miscible 


_ with water), the effect of the ether is slightly to 


increase the area under the albumin spike, F being 
1-12. This small effect (10 per cent morease) may 
indicate an effect of ether on albumin, but not one 
like that produced by ethanol. There 1s no reason for 
thinking that what may be a ‘denaturation effect’ 
should not decrease the spike area in the case of 
ethanol, and increase it in the case of ether. 

2a. Interaction of albumin with lecithin. The system 
contains 2 ml. of 4 per cent albumin in buffer at 
pH 6-6, 1 ml. of the buffer, and 1 ml. of Polanyi’s 
lecithin (that is, about 25 mgm.) in absolute ethanol 
(Polanyi, M., private communication); the mix- 
ing of these components reduces the protein to 
2 per cent, and the ethanol to 25 per cent. After 
standing for 4 hr. at 20°C., the mixture is dialysed 
against Michaelis buffer at pH 6-6 for 8 hr. at 20°C. 
The electrophoretic pattern now shows a spike moving 
at about the same rate as albumin moves; dialysed 
lecithin gives no electrophoretic spike. At 6 min. 
the area under the spike observed was 64 unite, but 
this figure must be divided by F = 0-65 to allow for 
the ‘denaturing effect’ of 25 per cent ethanol. The 
division gives 98-5 units instead of 86 units for 
albumin alone. A reasonable explanation of this is 
that there has been an albumin—lecithin interaction, 
& new species having been formed which increases 
the area under the albumin-—lecithin spike from 86 
units (for the albumin alone) to 98-5 units for the 
new species, that is, an morease of about 15 per cent. 
Other experiments show increases of 14-20 per cent. 
The refractive index morement for the albumin is 
0:0018, so that for the new species would be about 
0 00204, assuming that the concentration of the new 
species is exactly the same as that of the albumin. 

25. Effect of cephalin in ether on albumin at 30° 0. 
Using a system containing 2 ml. of 4 per cent albumin, 
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1-75 mil. of Michaelis buffer at pH 6-6 and 0-25 ml. of 
saturated cephalin in ether, electrophoretic patterns 
were obtained for 2 per cent albumin and for the 
mixture containing 2 per cent albumin plus cephalin 
in ether. Comparing the areas under the spikes, the 
incorporation of cephalin in ether produced substanti- 
ally the same effect as that of ether alone, that is, an 
increase under the spike of about 10 per cent. Con- 
sidering the interaction produced with albumin by 
lecithin in 25 per cent alcohol, the absence of an 
effect of cephalin in ether may seem surprising, but 
it has to be remembered that solubility determines 
that the quantity of cephalin in the protein—cephalin— 
ether systems is only 2:5 mgm., while the amount of 
lecithin in the protein—lecithin—ethanol systems is 
about 25 mgm. The latter gave a 15 per cent increase 
in spike area by interaction ; the former, if the effect 
were proportional to weight, would give only a 1:5 
per cent increase, which could be missed. 

Finally, if washed red cells are added to the 
dialysed protein—lecithin—ethanol system, examination 
between plastic surfaces shows that they are spheres, 
that is, there is enough lecithin in the system to 
sphere them in spite of the albumin. If washed red 
cells are added to the dialysed protein—cephalin—ether 
system, they remam crenated disks, presumably 
because the concentration of cephalin is too small to 
render them. spherical. 

This work was done under a grant, No. H-1598, 
from the U.8. Public Health Service, and Contract 
No. DA -49-007-M D-458 from the Department of the 
Army. 

We are grateful to Dr. D. G. Dervichian for his 
advice and suggestions. 


ERIO PONDER 
Rora V. PONDER 


Nassau Hospital, 
Mineola, New York. 
Oct. 39. 
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1 Dervichian, D. G., Discussions of the Faraday S00., “Lipoproteins” 
No, 6 ran 6 Univ. Press, 1949). 


! Deuel, H. J., “The Lipids” (Intereclence Pub., New York, 1051). 
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Smilagenone and Epi-Smilagenin from 
Dioscorea Saponin 


In examining the effect of prolonged keeping of 
Dioscorea yams! in contact with water, fresh yams 
of Dioscorea prazers and D. deltoidea, after being cut 
to small pieces and crushed, were mixed with suff- 
cient water for different periods ranging from a few 
weeks to several months. The filtered residue was 
dried and extracted with petroleum ether (b.p. 
40-60°) in a Soxhlet. 

From the petroleum ether extract a colourless 
crystalline product was obtained. On chromato- 
graphy over alumina it yielded mainly the following 
products: (4) C,,H,,0,, stout needles, m.p. 188— 
89°; [x] — 52° (OHOL) and (B) C,,H,,0,, fine 
silky needles, m.p. 220-22°; [a] —43-8° (CHCI,). 
Product A failed to give any acetyl derivative, but 
formed a semicarbazone, 0O,,H,,0,N,, m.p. 222-23° 
(decomp.). On catalytic hydrogenation in acetic 
acid it yielded product (B), which again on oxida- 
tion with chromic acid gave back product (4). 
Product (B) formed a monoacetate, CyH,..O,, m.p. 


No 4720 April 16, 1960 


comparison of the mixed melting point with an 
authentic specimen. Product (A) was sunijlarly 
identified as smnilagenone. 

. In this connexion it may be nona that 
Marker et al.* showed that dehydrotigógenone 
-(diosgenone) when administered to a dog on biscuit 
diet gave diosgenin, smiulagenin and ept-smuilagenin. 

The work was financed by the Council of Scientific 
and Industrial Research, New Delhi. Thanks are 
due to Dr. A. Sandoval, director of the Instituto 
de Quimica, Mexico, and Prof. C. Djerassi, Wayne 
State University, for authentic specimens. 
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Thiobarbituric: Acid Spray Reagent for 
Deoxy Sugars and Sialic Acids 


RECENTLY, new sensitive assays have been reported 
for deoxy sugars’, 2-keto,3-deoxy sugar acids*-4, and 
sialic acids'.®.. In these assays, the producta of 
periodate oxidatjon;- malonaldehyde from deoxy 
sugars and 8-formylpyruvic acid from the latter two 
groups of compounds, are coupléd with 2-thio- 
barbiturie acid to produce a bright red chromophore. 
I wish to report an adaptation of these methods for 
spraying paper chromatograms. 

The procedure for the detection of deoxy sugars 
and 2-keto,3-deoxygluconic acid 1s as follows. After 
removal of solvent the paper 1s sprayed witha 0 02 M 
aqueous solution of sodium periodate. After 15 min. 
a solution consisting of ethylene glycol, acetone and 
concentrated sulphuric acid (50 : 50: 0:3) is sprayed 
on to the paper. After 10 min. the paper 1s sprayed 
with -an aqueous solution of 6 per cent sodium 
2-thiobarbiturate. (Although several chemical supply 
companies sell ‘2-thiobarbituric acid’, we have found 
that the product is frequently mislabelled and that 
the product is a salt of 2-thiobarbituric acid. Only 
0-9 gm. of the acid is soluble ın 100 ml. water, whereas 
6-5 gm. of the sodium salt 1s soluble in the same 
amount of water. The free acid may be rendered 
soluble by the addition of an equimolar amount of 
sodium hydroxide.) Red spots appear after heating 
at 100° for 5 min. Under an ultra-violet light 
(‘Mineralight’) the spots give a red fluorescence. As 
little as 0-5 pgm. of 2-deoxyribose can be seen. We 
have used the spray to detect 2-deoxyglucose, 
2-deoxyxylose, and 2-deoxygalactose. Although 
3-deoxyglucose can also be detected on paper, the 
colour intensity of the spot is considerably less than 
that of an equimolar amount of 2-deoxyglucose. 

For the detection of sialic acids a solution of 0:05 M 
sodium periodate in 0:05 N sulphuric acid is used. 
The glycol and thiobarbituric acid solutions are the 
same as above. A longer heating time of about 
10 min. is required. Approximately 3 pen: a. sialic 
acids can be detected. 
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Using this procedure, deoxy sugars and.Sialic acids 
have been successfully located on Whatman No. 1, 3 
and 3 MM paper, using a variety of acidic, basic and 
neutral solvent systems. 

LEONARD WARREN 


National Institute of Arthritis and 
Metabolic Diseases, 
National Institutes of Health, 
Bethesda 14, Maryland. 
’ Waravdekal, S., J Biol, Chem, 234, 1945 (1959). 
* Weissbach, A., and Hurwitz, J., J. Biol. Chem., 234, 705 (1059). 


* Ashwell, G., Wahba, A. J, and Hickman, J., Biochim. Biophys- 
Acta, 30, 186 (1968). 


T eay: EH., and Racker, B, Arch. Biochem. Biophys., 79, 396 


* Warren, Is, J. Brol, Chem. 284, 1971 (1959). 
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Enzymatic Deamination of . 
5-Deoxycytidylic Acid and of 5-Methyl- 
5’-deoxycytidylic Acid in Growing and in 
Non-growing Tissues 


THe deamination by enzymatic hydrolysis of 


_ 5’-deoxyecytidyhe acid to 5’-deoxyuridylic acid and 


of CH,-5’-deoxycytidylic acid to 5’-deoxythymidylic 


` acid has been previously reported in sea urchin egg 


homogenates!?, and in adult rabbit liver’. 

The deamination of 5’-deoxycytidylic acid and of 
CH,-5’-deoxycytidylic acid has been investigated in 
the developing sea urchin embryo‘, in normal and re- 
generating rabbit liver, ın adult rats and in embryonig 
rat tissues, in adult chick and in chick embryos in 


order to correlate these enzyme activities with: 


biosynthesis of deoxyribonucleic acid and hence with 
the metabolic activities of tissues that grow by 
increase in the number of the component cells. 

In this preiminary communication some of our 
results for tissues of warm-blooded animals are 
reported. These clearly show that the 65’-deoxy- 


cytidylic acid and the CH,-5’-deoxyoytidylic acid - 


deaminations occur to a greater extent- in growing 
tissues than ın normal non-growing tissues. In adult 
tissues of rat and of chick it is impossible to detect 
with our assay the activities in the unfractionated 
homogenate. 


The tissues, as soon as they were removed from the, 


animal, were homogenized in a Potter—-Elvehjem glass 
homogenizer with phosphate buffer. The homogenate 
was centrifuged for 15 mm. at 4°C. and at 18,000¢. 
The supernatant was used for the enzymatic assay. 

The enzymatic assays are based on the ultra-violet 
spectral variations caused by the deamination. 
Tables 1 and 2 show the assays. All the enzymatic 
determinations have been made m the range in which 


Table 1, ASSAY OF 5’-DEOXYCYTIDYLIO ACID DEAMINASE 


Absorbance at: 
250 mu 


267 mu 





Centrifnuged supernatant of a homogenate from chick pee Auten 8 avar 

tein, 2 mgm: ; 5’-deoxycytidyhe acid, 1 mole ; 
Final volume, 0-8 mL; pH 7:2, Inoubation at 38°C. res the ENPE 
times 0-1 mi. was removed and 0-1 mi. 10 per cent ric acid 
was added. After Ingh-speed centnfagation 0-1 of the clear 
colourless supernatant was diluted with 2'4 ml. of 0 OLN hydro- 
chlorio acid, and the absorbance of this solution was determined with 
a Beckman DU spectrophotometer, 


238 
Table 2. ASSAY OF OH,-5’-DHOXYoytTipYiICo ACID DRAWINASE 
Absorbance at: 
260 ma 273 
0 345 
0 360 
0 375 
+0 080 


236 mys l 
0 175 


0175 
0-170 


—9-006 





The conditions were those of Table, 


, except for the substitation 
of 6'-deoxycyhidylic acid by 1 «mole 


f OH, -5’-deoxycytidyle acid. 


Table 8. RELATIVE SPECIFIC ACTIVITIRS OF 8’-DBOXYOYTIDYLICASE 
AND CH,-6’-DEOXYOYTIDYLIOASR IN RESTING AND GROWING TISSUES 


CH,-5'-Deoxy- 
cytidylicase 


Chick embryos’ hver 
Adult chick liver 
Rat embryos wat liver 


Rat embryos’ hver 

Adult rat liver 

Adult rabbit liver 

Adult rabbit Hver in regeneration 
after partial hepatectomy 





The conditions of the assays were those of Tables 1 and 2. The 
specific activities of the two e og are measured respectively as 
Aa slits and AA 290 mu, multiphed by 10° per 10 min per mgm. 

protein 


there is direct proportionality of the spectral varia- 


tions with the amount of enzyme used. 

When, instead of the deoxynucleotides, the corre- 
sponding deoxynucleosides or bases are used as sub- 
strates in the conditions of our assay, the absence 
of spectral variations in embryonic tissues of chick 


` and of rat, and the absence of significant spectral 


variations in rabbit liver, mdicate that the drect 
deamination of 5’-deoxycytidylic acid and of CH,-5’- 
deoxycytidylic acid is being measured. 

Furthermore, ın every case &’-deoxyuridylic acid 
and 65’-deoxythymidylic acid have been isolated 
in good yield from incubation mixtures containing 
ten times the amounts indicated in Tables 1 and 2. 
The techniques used for the isolation have been 
described in refs. 1 and 2. 

The results presented in this communication, and 
other results on the behaviour of 5’-deoxycytidylic 
acid and CH,-5’-deoxycytidylic acid deamination in 
the developmg sea urchin embryo‘, emphasize the 
importance of these enzyme activities in biosyn- 
thesis of deoxyribonucleic acid and in cellular 
multiplication. 

These results will be reported in detail elsewhere. 
. This investigation was supported by research 
grant No. 0-3401 from the National Cancer Institute, 
U.S. Public Health Service. 
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A ala o Cytidine from the Ribonucleic 
cid of Anacystis nidulans 


A PROJECT was undertaken to characterize the 
nucleic acids from Anacysits nidulans, a blue-green 
alga. The present communication deals with the 
characteristics of ribonucleic acid and a new cytidine 
compound from it. 

Freshly harvested cells grown in a continuous 
culture chamber? were used for isolating ribonucleic 
acid from Anacystis nidulans. It was found that the 
method of Ogur and Rosen? was most suitable. 
Ribonucleic acid constitutes 0:37-0:50 per cent of the 
fresh weight of the cells. Ribonucleic acid thus 
isolated was purified from protein with octanol— 
chloroform mixture and from polysaccharides with 
2-methoxy ethanol?. The percentage of moles of . 
different bases and nucleotides were estimated by 
ascending paper chromatography‘ and electrophore- 
sis’. These results, together with nitrogen and phos- 
phorus ratio, are given in Table 1. Ribonucleic acid 
records a maximum absorption at 260mp and minimum 
at 230 my. It shows a preponderance of guanylic acid 
compared to other nucleotides. 


Table 1. PBROHNTAGE OF ALOLER OF NUOLEOTIDES IN RIBONUOLEILO 
CID 
N P 
Extraction (per (per N/P Max. Ahn. GA AA OA UA 
: cent) cent) (mu) (my) Mole (per cent) 

10 per cent , 

NaCl" 14 80 6-45 28 260 230 . 86 25 20 19 
HClO, 15°57 825 1-89 260 280 89 -22 20 19 


* Extraction of ribonucleic acid with 10 per cent sodium chloride 
was done according to the procedure of Heinrich et al. (ref. 8) 


After hydrolysing ribonucleic acid’ with hydro- 
chloric acid for 1 hr. at 100° C. the cytidylic acid was 
recovered from the paper chromatogram‘. The 
cytidylic dcid thus isolated was incubated with 
alkaline phosphatase (purchased from Nutritional 
Biochemicals Corporation, Cleveland, Ohio) in 0-2 M 
iris buffer at pH 9-0. After standing for 4 hr. at 
room temperature the incubated mixture was chroma- 
tographed‘. It was observed that cytidylic acid was 
fully converted to cytidine within that time when the 
concentration of enzyme was 8-10 per cent of the 
substrate weight. The cytidine was further subjected 
to electrophoresis in borate buffer pH 9-2 for 6 hr. 
at a voltage gradient of 11 V./em. The cytidine was 
resolved into two spots and the mobilities of those 
compounds are recorded in Table 2. The spots were 
eluted with 0-1 N hydrochloric acid and the spectra 
were taken on a recording Cary spectrophotometer. 
The spectral characteristics of the new compound, 
which resembles mostly cytidine, is given in Fig. 1. 
The sugar moiety of cytidme compound was further 
analysed after hydrolysis with 0:05 N sulphuric acid 
and the characteristic mobility of the sugar in borate 
buffer is given in Table 2. From the characteristics 
of the sugar moiety, cytidme from Anacystis nidulans 
contains 2-O-methyl ribose. The optical density at 
280 mu of methyl cytidine varies from 0:2 to 0-25 per 
cent of the total optical density at 280 my. Methyl 
ribosides of purines and pyrimidmes have recently 


Table 2, ELECTROPHORETIC ALOBILITY OF CYTIDINE COMPOUNDS AND 
PENTOSES 


Substances Mobility Substances Mobility 
Deoxycytidine 0-61 Sugar from X-cytidine 0-57 
X-cytidine (unknown) 0:72 2-0-methyl ribose 0 60 

dino 1:00 8-0O-methy! ribose 0 88 
Deoxyribose 0-48 Ribose 100 


Electrophoresis was carried out fn borate buffer pH 9'2 for 6 br., 
voltage gradient belng 11 V./om. The movements of the compounds 
are towards anode. 
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Fig. 1. Ultra-violet Absorption spe spectrum of X-oytidine from 
ribonucleic acid. ©, > PH 72; A, pH US 


been reported in some ribonucleic acid by Smith and 
Dunn’. (Methylated trityl adenosine was generously 


supplied by Dr. J. D. Smith from which 2-O-methy] ` 


and 3-O-methyl ribose were separated according to 
Brown et al.’.) Qther methyl ribosides were not 
detected im our preparations. 

The precise role of this type of cytidine or other 
nucleosides or nucleotides in any type of ribonucleic 
acid is unknown. However, it may not be out of 
order to speculate upon their involvement in specific 
protein synthesis. 

This work was supported by a fellowship from the 
University of Texas Graduate School and a grant 
from the Rockefeller Foundation. 

B. B. Biswas* 
J. MYERS 
Laboratory of Algal Physiology, 
University of Texas, 
Austin 13, Texas. á 


* Present address Montenorh Hospital Institute of Research; 
3459 Fifth Avenue, Pittsburgh 
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Depo!arization of the Fluorescence of Proteins 
labelled with Various Fluorescent Dyes 


Tae technique by which measurements of the 
depolarization of fluorescence of protein conjugates 
is used for investigating rotational relaxation has 
been applied mainly with the fluoreacent dye, 
1-dimethylamino-naphthalene-5-sulphonie acid (I) 4’. 
The life-time of the excited state (+) of this dye when 
conjugated to protein has been measured by inde- 
pendent methods by Weber* and by Steiner and 
McAlister!. Good agreement was reported, and in the 
present work the value t = 1-18 x 10-8 sec. (pro- 
bably accurate to + 0 05 x 10-*), the mean of 
several determinations on conjugates with bovine 
serum albumin by Steiner and McAlister, has been 
assumed throughout. Assuming an absolute error in 
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the experimental estimates of degree of polarization 
(p) of + 0:003, it can be shown that the dye (with 
Po = 0:25, the subscript referring to zero value of 
the temperature/viscosity ratio) is adequate for 
measuring relaxation times in the range 0-5-30 x 
10-* sec. to an acouracy of + 10 per cent. These 
relaxation times correspond to a molecular weight 
range of 5,000-300,000 if the molecule is spherical 
and unhydrated. The corresponding molecular 
weights for hydrated &nd moderately asymmetric 
molecules will be less, usually by a factor of at least 2 
or 3. The range is determined mainly by the magni- 
tude of t and the accuracy of measurements of the 
degree of polarization of the fluorescent light. If 
dyes having longer and shorter values of + were 
available, the range of the method would be con- 
siderably extended. 


H 0,H 
. j SA Ġ=C,H,; 
OON O à: 
ch Tongs 


0,8 


ee 


I ` IW 

The present communication describes the use of 
two such dyes: 3-hydroxypyrene-65:8:10 trisulphonic 
acid (TI) with a longer life-time, and 3-phenyl-7- 
ssocyanato-coumarin (ITI) with a shorter hfe-timee 
Both dyes conjugate easily with proteins’,*. 
conjugates with bovine serum albuminshave been’ 
prepared, and the + values in each conjugate determ- 
ined by Weber’s method*?. The degree of polari- 
zation of fluorescence of the conjugate was measured 
through a yellow filter (Ilford 110) over a range of 


‘temperature. Plotting the reciprocal of the degree of 


polarization of fluorescence as a function of the 
temperature/viscosity ratio, it was- possible to` 
calculate the + values using Perrin’s modified: 


equation? and assuming Oncley’s values for the ` 


principal relaxation time of bovine serum albumin’. 
From these results the range of relaxation times (ọ) 


measurable to + 10 per cent with each type of. 


conjugate has been calculated together with the 
corresponding range of anhydrous spherical mole- 
cular weights; these results are shown in Table 1. 
It can-be seen that the pyrene derivative has a 
life-time some eight tımes greater, and the coumarin 
derivative almost five times smaller than the naphtha- 
lene compound. The range of relaxation time (and 
molecular weight) which can be investigated by this 
technique is correspondingly extended. 

The total range of molecular weights covered by 
conjugates prepared from these three dyes is 1,000- 
2,500,000 for spherical unhydrated molecules, or 


Table 1. RaNGR OF THE DEPOLARIZATION METHOD 


naphthalene 

-sulphonic acid 
3-Phenyl-7-130- 

cyanato-coumalin 
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about 400-1,000,000 for typical, moderately asym- 
metrical molecules. Experiments have already 
shown the usefulness of the newer dyes with certain 
protein molecules which are either too large or too 
small for investigation with the naphthalene dye’, 
but it would be rash to expect that all such cases 
“would be successful. The occurrence of protein 
inactivation, of specific protein effects on the fluores- 
cent life-time, the onset of intramolecular rotations, 
and similar effects are lately unpredictable and 
must be excluded before a useful application in any 
one case can be proved. 

C. 5. CHADWICK 

P. JOHNSON 

E. G. RICHARDS 
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ANIMAL PHYSIOLOGY 


Urinary Phenols in Stress 


ABNORMALLY high rates of excretion of 4-hydroxy- 
e3-methoxymandelic acid, a metabolite of both 
adronaline and noradrenaline, are now well known. to 
be associated with phaeochromocytomea and sym- 
pathoblastoma'-*, A convenient chromatographic 
‘technique enabling the substance to be estimated 
visually has been described elsewhere*. It seemed of 
interest to examine the possibility that the method 
would prove sufficiently sensitive to detect the 
increased secretions of the catecholamines to be 
anticipated in subjects exposed to stress. 

In the first place we have examined urines from 
hospital patients under severe conditions of stress 
occasioned by spinal shock, surgical operations, 
accident injuries and burns. In contrast to young 
normal males who excreted 4-hydroxy-3-methoxy- 
mandelic acid at average rates varying from 1 to 2-5 
ugm.j/min. (values not corrected for incomplete 
recovery from urine), many of these subjects excreted 
the acid in much greater quantity (4—10 ugm./min.). 
The behaviour of patients having complete transverse 
lesions of the cervical cord has proved of particular 
interest, since in these subjects the whole efferent 
sympathetic outflow ıs isolated from the control of 
the higher nervous centres. The excretion-rate of 
4-hydroxy-3-methoxymandelic acid was observed to 
be markedly subnormal in fit subjects of this type, 
but was within the normal range in those under 
conditions of stress; this mecrease in stress may 
possibly be due to adrenaline release by a direct 
action of histamine on the adrenal medulla. 

More detailed chromatography has indicated that 
other phenols may be excreted m increased amounts 
in stress. The most noticeable changes m the present 
experiments occurred with p-hydroxyphenylactic 
acid ; in spinal shock at least, the appearance of this 
substance is probably related to the difficulty of 
saturating the patients with ascorbic acid. Increased 
excretion of p-hydroxy-phenylpyruvie acid also 
occurred in some subjects. Increases in the excretion 
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of homovanillic acid in stress were rather less well 
defined owing to the invariable presence of this acid 
m normal] urine; however, several of the subjects 


_ excreted considerably more than the 8 mgm./24 hr. 
. quoted as the upper limit of the normal range‘. It 


geems possible that an increased metabolism of 3 : 4- 
dihydroxyphenylethylamine is implicated, and that 
this amine might play some part in the response 
of the human subject to stress. The two urines from 
cases of neuroblastoma examined by Sandler and 
Ruthven’, to whom we are grateful for samples, have 
been examined chromatographically and both were 
found to contain large amounts of homovanillic acid 
in addition to 4-hydroxy-3-methoxymandelic acid ; 
abnormal excretion of homovanillic acid was not 
noted in eight cases of phaeochromocytoma, however. 
A further example where excretion was high occurred 
in the one case of argentafiinoma examined. 

One of us (P. 8.) wishes to thank the Director- 
General of Medical Services, Royal Air Force, for 
permission to publish this work and Cpl. Tech. 
McKim for experimental assistance. 
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Postural Changes in Chlorpromazine 
Hypothermia 
THE relatively small disturbance ın the chemical 


component of thermoregulation. i 
injection of 





and further 
changes of bo 
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Table 1. RELATION BETWEEN BODY TEMPERATUREN AND CHANGES OF POSTURE AFTER CHLORPROMAZINE 
Time after injection of chlorpromazine (min ) 

R Q. 3 6 15 90 390 
Body temperature (* 6 )* 40 S78 405) 3724051 36-5404; 340404; 8917404) 292408 318403 
Placing reactions -43 oo | 00 13 8 89 4 78 5 84 7 90 4 
Righting reflexes 43 00 42 8 78-3 57 4 52 6 48 5 37 8 

* Mean + S.E. 


} Percentage of animals in the group where they are absent. e 


induced mainly by the disturbance of placing 
reactions. The reversible exclusion of these reactions 
is mainly responsible for the exposure of a wider 
surface of the animsl’s body to a lower temperature 
of the environment at the time when the chemical 
component of thermoregulation decreases. 

D. Svorap 

Institute of Physiology, 
Czechoslovak Academy of Sciences, 
Prague 6. 
1 Courvoisier, S., Fournel, J , Duot, R., Kolsky, M., and Koctachet, 
P., Arch. Internat. Pharmacodyn., 92, 805 (19 53). 

* Giaja, J., and Markovit-Giaja, L., C.R. Soc. Biol., 148, 842 (1064). 
a LeBlanc, J., J. App. Physiol., 18, 237 (1958). 
* Svorad, D., Symposium on Hypothermia, Belgrade, 161 (1950). 
* Svorad, D., Phynoi. bohemoslov., 4, 170 (1955) 


Release of, Acetylcholine in Rat Diaphragm 


SEVERAL attempts have been made in the past to 
correlate the amount of acetylcholine released during 
activity at nerve endings with the amount needed to 
produce activation of the effector cell’-*. It is clearly 
of crucial importance for the acetylcholine hypothesis 
that there should be quantitative’ agreement 
between these amounts. Until recently, a very 
substantial discrepancy has remained, supporting 
the suggestion that acetylcholine 1s merely a by- 
product of transmission. One source of difficulty in 
making such correlations has been the paucity of 
results concerning the release of acetylcholine 
and the excitation produced by its application in the 
game preparation. 

Intracellular recording of end-plate activity in 
muscle, and the ionophoretic application of acetyl- 
choline in controlled amounts from micro-pipettes, 
have made possible a detailed analysis of end-plate 
potentials under conditions closely approaching 
those which obtain during normal transmission at the 
neuro-muscular junction. End-plate potentials have 
been produced by such methods in the isolated rat 
diaphragm with as little as 1-56 x 10-7 mole of 
acetylcholine‘. We have now found that acetyl- 
choline is released by nerve endings in the rat dia- 
phragm, during stimulation of the phrenic nerve, in 
amounts which are of the same order of magnitude. 

The isolated phrenic nerve diaphragm preparation 
was stimulated in a ‘Perspex’ chamber at room 
temperature (19-23° C.). The muscle was bathed in 
50 ml. of Ringer-Locke solution continually 
agitated by oxygen bubbles, and the rate and duration 
of nerve stimulation were kept to a minimum con- 
sistent with the sensitivity of the preparation used 
for assay (the leech dorsal muscle, the heart of Mya 
arenerta or the rat duodenum). To prevent destruc- 
tion of acetylcholine, we either added physostigmine 
sulphate to the solution (10-5), or administered 
diisopropyl fluorophosphonate to the rat (1 mgm./100 
gm. body-weight). For control, active solutions were 
treated with strong alkali whenever possible. 


It is difficult to be certain in this type of experiment 
that one is exciting all the nerve endings. The 
phrenic nerve was always stimulated with shocks two 
or three times greater than maximal, and the action 
potential of the nerve trunk was recorded close to its 
entrance into the muscle throughout the period of 
stimulation. This gave us a useful mdex of failure of 
excitation or conduction in the nerve, but no positive 
information about the activation of the nerve endings. 

During periods of stimulation at a rate not greater 
than 6/sec. and lasting not more than 5 min., the 
amounts of acetylcholine collected from hemi- 
diaphragms varied between 04 and 2-5 x 10-33 
mole per impulse. Fourteen estimates gave a mean 
value of 1-1 x 10-13 mole. Simce there are about 
10,000 muscle fibres in the hemi-diaphragm', the 
mean release per ending was 1-1 x 10-1? mole. 

It is clear that in the rat diaphragm there is over- 
lap between the least amount of acetylcholine needed 
to produce appreciable excitation at an end-plate 
(1-5 x 10-'? mole) and the greatest amount released 
at nerve endings during stimulation (2:5 x 10-17 
mole). The latter should be more significant than the 
mean value, since the principal sources of error, 
imperfect activation of nerve endings and hydrolysis . 
of acetylcholine, would both lead to an under- 
estimate. 

K. KENJEVIÓ 
J. F. MITORELL 
Agricultural Research Council 
Institute of Animal Physiology, 
Babraham, Cambridge. Dec. 30. 


? Acheson, G. H., Fed. Proe., 7, 447 (1948). 

* del Castillo, J., and Katz, B., “Prog. Blophys.”, 6, 121 (1956). 
7 Emmelin, N., and MacIntosh, F. O., J. Physiol., 131, 477 (1956), 
1 Krnjević, K., and Muiledi, B., Nature, 182, 805 (1958), 

t Krnjević, K., and Miledi, R., J. Physiol., 140, 427 (19658). 


Effect of Supernatant Potassium-Level 
on Cardiac ae in Quantitative 
Tissue Culture 


INADEQUATE functional ‘survival’ of hearts cultured 
in supernatant containing serum with a high potas- 
sium-level from lysed red cells led us to investigate 
the effects of supernatant potassium-levels on the 
electrical activity of 1,222 hearts ın quantitative 
tissue culture. The criterion for ‘adequate survival’ 
is an ability to produce potentials of at least 0-02 mV. 
during a minimum of three periods of observation per 
day (8 a.m., 1 p.m. and 5 p.m.). The apparatus, ete., 
is described in previous papers'. The supernatants 
are 0-25 per cent solutions of human serum protein in 
balanced salt solutions—however, they differ in potas- 
sium-level. The ‘adequate survival’ time is given to the 
nearest day using the smallest figure in cases of doubt. 

Fig. la relates time and percentage adequate 
‘survival’ for three separate series of 6-day chick 
embryo whole hearts, all from the same breeder. 


SURVIVING AT THE KMD OF EACH DAY 


A-150 WHOLE HEART-POTASSIUM LEVEL 4 0 MQ. L A-381 ATRIAL CULTS 
B- L5 WHOLE HEART-POTASSIUM LEVEL $ 8 MaX)/L 


C-126 WHOLE HEART -POTASSTUM LEVEL 6 4 MOOL 
10 4 


PERCENTAGE OF THE ORIGINAL NUMBER OF CULTURES 
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land2 The electrical functional survival and mortality of cultures of 6-day ak 
ae right ventricles in supernatants of 


a Seek whole hearts, isolated right atria and {sola 
ous potassium-le 


These series are grown in supernatants of different 
potassium-level and those in the supernatant of 
lowest potassium-level show the best ‘survival’. The 
considerable initial ‘survival’ difference between the 
three series (particularly between series 4 and B) 
lessens with time. Supernatants B and C are made 
from the same serum containing lysed red cells but, 
since a low-potassium balanced salt solution is used 
to make supernatant B, they differ only in potassium- 
level. Thus, B’s better ‘survival’ makes it probable 
that, of lysed red cell products, the potassium has the 
greatest effect on ‘survival’ of hearts in culture. 
The small initial ‘survival’ in high potassium super- 
natants may be due to release of potassium from 
damaged muscle raising the total potassium-level 
around nearby healthy muscle fibres to the critical 
level which interferes with their electrical functions. 

Fig. 16 shows the relationship between time and 
the number of hearts failing to ‘survive’ at the end of 
each day expressed as a percentage of the number of 
hearts surviving at the beginning of the same day. 
The first day’s high ‘mortality’ supports the theory 
of the damaging effect of high local potassium-levels 
(a combination of high supernatant potassium and 
potassium released from damaged muscle). The 
potassium from damaged cells then diffuses mto the 
general supernatant and the potassium-level around 
healthy cells is lowered, explaining the lessened 
‘mortality’ during the.second day. Thereafter, the 
slow rise in ‘mortality’ may be due in part to the 
progressive deficit of essential nutrients as they are 
utilized by the tissues. The potassium contents of 


wie 


NATURE 





B- 48 WHOLE HEART CULTS 
C-477 VENTRICULAR CULTS 
ALL WITH 6 & MEO POTASROM L ~ 
Diagram 2 (a) 
Diagram 2(b) 





+ 


April 16, 1960 vou 186 


salt solutions and supernatants 
commonly used in tissue culture 
are as follows: Eagle’s solution, 
4°09 m.equiv./l.; Dulbecco’s, 4-2 
m.equiv./l. ; Osgood’s, 5-2 
m.equiv./l.; Gey’s, 5-25 m.equiv./ 
l.; Earle’s, 65-4 m.equiv./l. ; 
Melnick’s, 5:6 m.equiv./l. ; Hanks’s 
T.O. 199 and Scherer’s, 5-84 
m.equiv./]. The potassium-level 
m several of them is above the 
physiological) limits in humans and 
in the range which, according to 
the observations in this com- 
munication, causes & poor initial 
functional survival of hearts in 
culture. 

Fig. 2a shows & comparison of 
the effects of the same high 
(6-6 m.equiv./l.) potassium super- 
natant on the electrical activity of 
6-day chick embryo whole hearts, 
wolated right atria and isolated 
right ventricles in culture. Atria 
have the best, whole hearts next: 
best and ventricles the poorest 
initial ‘survival’. Atria and whole 
heart ‘survival’ differs only in the 
first four days in culture. The 
poor ‘survival’ of ventricles is not 
due to nutritional difficulties be- 
cause of ‘large’ muscle bulk, for 
whole hearts have a larger bulk, 
nor to the relative amount of tissue 

during explantation, for 
atria have a higher relative dam- 
age. It may result from the 
sensitivity of impulse-generating 
and conducting tissue to high 
potassium- -levels since whole heart and isolated atriurn 
have a higher proportion of such tissue than isolated 
ventricles. However, the best explanation for the 
poor ‘survival’ of ventricles in high potassium super- 
natants is that, since the isolated right atrium and 
whole heart have previously established initiating 
foc: for contraction and the isolated right ventricle 
has to establish a new focus, the new focus is more 
sensitive to high potassium-levels than the older 
established foci. 

Fig. 26 is similar to Fig. 1b and compares the daily 
‘mortality’ percentages for whole hearts, isolated 
right atria and isolated right ventricles maintained 
in the same high-potassium (6'6 m.equiv./l.) super- 
natant. The lowest ‘mortality’ occura during the 
second day, possibly for the reasons postulated in the 
discussion of Fig. 16. Thereafter, the ‘mortality’ 
rises at a faster rate than for hearts in Fig. 1b. The 
whole-heart series shows the best and the ventricles 
the poorest relative ‘survival’ behaviour. Further 
studies of the factors affecting the ‘survival’ of hearte 
in culture is being undertaken. 

This work was supported by grants from the 
American Heart Association and the National 
Institutes of Health. 

A. W. B. CUNNINGHAM 
K. KLEUTCOH 
W. HERBST 
Department of Pathology, Medical Branch, 
University of Texas, Galveston. 


1Cunningham and Estborn, Zab. Invest., 7, 156 (1958). 
Cunningham et 
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Measurement of the Intrahepatic Shunted 
Flow of Blood in Cirrhosis of the Liver 


THE most characteristic change in the hepatic 
circulation in crrhosis of the liver is the appearance 
of pathological anastomoses in intrahepatic and 
extrahepatic blood vessels. The formation of mtra- 
hepatic and extrahepatic shunts markedly decreases 
the flow of blood through sinusoids, and mcreases 
the disturbance of liver cell function and liver cell 
damage, becoming one of the etiological factors of 
hepatic coma. Since there is apparently no published 
report of the quantitative measurement of’ the 
shunted flow of blood in liver cirrhosis, we have 
devised methods of measuring the intrahepatic and 
extrahepatic shunted flow in clinical cases. In this 
communication, the methods are presented for 
measuring the intrahepatic shunted flow of blood in 
cirrhosis of the liver. By these methods considerable 
amounts of intrahepatic shunted flow of blood is 
demonstrated in moderate and advanced liver 
cirrhosis. 

The intrahepatic shunted flow of blood is measured. 
either by the single administration method or by the 
continuous infusion method. 

Single administration method. After the injection of 
an aqueous solution of 0-5 gm.fkgm. body-weight of 
galactose in a single dose, blood is taken at successive 
intervals from the hepatic vein by means of hepatic 
venous catheterization and also from an arterial 
indwelling needle previously laid in the brachial 
artery. Quantitative analysis of galactose of these 
blood samples and urine is determined by a modified 
Fischer’s! method. In normal subjects, at first, the peri- 
pheral arterial concentration curve shows the lmnear 
downward course, and hepatic venous concentration 
psrallels the peripheral concentration, finally reaching 
zero level (first phase). When afterwards the amount 
of galactose entering the liver decreases below 
the maximal removing capacity of the liver, the 
peripheral concentration curve takes the shape of a 
simple exponential curve, and hepatic venous con- 
centration remains at zero level (second phase). The 
hepatic flow of blood is calculated from the disappear- 
ance constant of the peripheral concentration m the 
second phase (k,), the volume of distribution (F), and 
average urinary clearance of galactose (Ua), accord- 
ing to the folowing modified equation of Waldstein? : 
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When there is an intrahepatic shunt between portal 
and hepatic veins in liver cirrhosis, the concentration 
in the hepatic vein does not drop to zero in the 
second phase, that is, galactose flows into the hepatic 
vein through the shunt, and the hepatic venous con- 
centration curve in this stage takes the form of a 
simple exponential curve, too (Hig. 1). Therefore, in 
the presence of an intrahepatic shunt, the above 
equation does not give the total amount of blood 
flowing through the liver, but gives the amount of 
blood which enters the sinusoids in unit time, namely, 
effective hepatic flow of blood. On the same principle 
as in the Diodrast or para-aminohippuric acid clear- 

ance in renal physiology, total and shunted hepatic 
flow of blood can be calculated from effective hepatic 
flow of blood (HHBF) and the extraction ratio in the 
second phase (E). 


Total hepatic flow of blood (THBP) = “22E 
Shunted hepatic flow of blood (SHBF)=THBF — ; 
EABF 


Continuous infusion method. After a priming dose 
of 10 gm. of galactose, constant infusion of galactose 
is made at a rate that does not exceed the maximum 
removing capacity of the liver, which is usually 
200 mgm. per min. The curves become horizontal 
after 40 min. (Fig. 2).° The total hepatic flow of blood 
is calculated on the basis of Fick’s principle®. 
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(Im is galactose infused per min., Um galactose 
excreted into urine per min., P peripheral plasma 
concentration, and H hepatic vonous plasma con- 
centration.) On the same principle as by the single 
administration method, the effective and shunted 
flow of blood is calculated : 


HABE = THBF x E 
SHBF = THBF — EHBF = THBF (1—E) 


In normal subjects the extraction ratio was in the 
vicinity of 100 per cent, and there was no estimated 
intrahepatic shunted flow of blood. In four cases 
with mild liver cirrhosis, the shunted flow of blood 
was 0-155 o.c./min./sq.m. or 0-20 per cent of the 
total hepatic flow of blood. In eleven cases with 
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moderate or advanced cirrhosis, on the other hand, 
the shunted flow of blood was calculated at 682- 
867 c.c./min./sq.m., or 18-78 per cent of the total 
hepatic flow. On the average, about half the total 
hepatic flow by-passed the liver in liver cirrhosis. 
Depressed extraction ratio was also noticed in two 
out of four cases with viral hepatitis in the icteric 
. Therefore, the intrahepatic shunted flow of 

blood calculated in this experiment is generally con- 
sidered to include not only the flow of blood through 
the anatomic shunt, but also the functional shunted 
flow of blood due to hepatic dysfunction. 

T. NAKAMURA 

S. NAKAMUBA 

K. TOKITA 
First Department of Internal Medicine, 
Tohoku University School of Medicine, 


Sendai. 
1 Fischer , Hansen, BR. Q., and Norton, H. W., Anal. Chem., 27, 
857 (1085). 
s Arri 8. S., and Archilla, R. A., Amer. J. Digest. Das., 3, 137 


? Tygestrup, N., and Winkler, E., Chn. Sci., 17, 1 (1958). 


Inhibition of Monoamine Oxidase by 
Benactyzine in vitro and in vivo 


VourkcoHovskyY! has found recently that large 
doses of benactyzine (the diethylaminoethyl ester of 
benzylic acid) exert a psychotogenic effect. In doses 
of 40-200 mgm. it reduces the excretion of 5-hydroxy- 
mdole acetic acid in the urine to unmeasurable 
walues*. These effects manifested themselves sim- 
ultancously. We suspected that benactyzine inhibits 
the monoamine oxidase which participates in the 
inactivation of serotonin*; and to confirm this 
-hypothesis we tried to follow the effect of benactyzine 
on monoamine oxidase tn viro and in vivo. 

For estimation of the activity of monoamine 
oxidase we used a 33 per cent homogenate of rat liver 
and 50 per cent homogenate of rat brain. The activity 
was determined using the modified method of 
Sjoerdsma et al.*. Instead of a decrease of serotonin 
we estimated production of 6-hydroxyindole acetic 
acid. After deproteinization of the homogenate with 
hydrochloric acid, we used the method of Udenfriend 
. 6t al.4, and the type of inhibition was determined by 
using Lineweaver and Burk’s method’. Inhibition 
of monoamine oxidase in vivo was investigated in a 
homogeneous group of seven white rats, Wistar 
strain, weighing 200-250 gm. Benactyzine was 
administered subcutaneously in doses of 35 mgm. 
per 100 gm. body-weight. Normal values were 
obtained ın a simular group of seven animals to 
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which no benactyzine was administered. The animals 
were followed up for 60 min. following the dose of 
benactyzine and were afterwards killed. 

After homogenizing the brain and liver of both 
groups, Monoamine oxidase activity was estimated’. 

Our experiments showed that benactyzine in 
concentrations of 4 xX 10-? M inhibits monoamine 
oxidase by 29 per cent, 4 x 10-* M not at all; under 
similar conditions, 4 x 10-3 M ‘Marsilid’ inhibits it 
by 40 per cent and at concentrations of 4 x 10-* M by 
9 per cent. Benactyzine is thus a weaker inhibitor 
than ‘“Marsilid’. As shown by Fig. 1, benactyzine acts 
as & non-competitive inhibitor. Fig. 2 illustrates the 
inhibition of monoamine oxidase in vivo. It presents 
average values of the activity of the enzyme in the 
liver and in the brain ; normal values, white columns ; 
after benactyzine, black columns. Fig. 2 shows 
the variation of values and their statistical sig- 
nificance. Benactyzine when used in the above 
doses inhibits tn vivo the monoamine oxidase in rat 
liver by 38-5 per cent on an average, and in rat brain 
on an average by 40 per cent. The results are some- 
what distorted by the fact that two animals were 
resistant to benactyzine ; thus they showed no signs 
of intoxication, and their behaviour did not change. 
In these animals no inhibitory effect was revealed 
in the organs investigated. This seems to us to 
explain also the great variations of values following 
the administration of benactyzine. 

From our experiments it appears that benactyzine 
is a non-competitive inhibitor of monoamine oxidase 
in vttro es well as in vivo. 

We are indebted to Mrs. J. Doubravové and Miss V. 
Kordové for technical assistance, and to Prof. 
V. R. Pickles, University of Sheffield, and to Sandoz, 
Ltd., Basle, for generous gifts of 5-hydroxytrypt- 
amine. 
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Antigen-induced Damage to Isolated 
Sensitized Mast Celis 


THERE is now quite convincing evidence that 


damage to mast cells always occurs when histamine 


is released during anaphylaxis. Thus damage to 
these cells is known to occur after active or passive 
sensitization either when antigen is injected in the 
intact animal or when a piece of sensitized tissue is 
incubated with the specific antigen’. However, all 
the evidence is derived from experiments made with 
tissues containing not only mast cells but also a mixed 
cell population, and therefore it is not possible to 
know whether damage to the mast cells is a direct 
consequence of the antigen-antibody reaction or 
imal antibodies are located on or in the mast 
cells. 

We present here the results of some experiments 
performed in order to find out whether isolated mast 
cells would react to the specific antigen. Wistar rats 
of both sexes and weighing 150-250 gm. were used. 
The animals were sensitized by injecting 1 ml. of 
horse serum plus 1 ml. of Haemophilus pertussis 
vaccine containing 20,000 million organisms intra- 
peritoneally and were used twenty-five days later. 
Mast cells were isolated by a method similar to that 
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with toluidine blue ( x e. 533). 
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ig. 1. A, Isolated sensitized mast cell before contact with antigen. 
Arrows point to vacuoles 
x ¢, 666). C, Isolated mast cell after fixation with 1 per cent formaldehyde and stained 

D, Isolated mast cell after contact with antigen. Note 
Fixed and stained as stated above ( = e. 533) l 
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described by Padawer and Gordon?, The animals were 
bled under ether anæsthesia and 2 ml. of saline 
(sodium chloride 0:85 per cent) containing 50 ugm. 
heparin per ml. were injected into the abdominal 
cavity, and gentle massage of the gut through the 
abdominal wall was performed for about 1 min. 
The abdominal wall was then incised along the mid- 
ventral line and the fluid from the abdominal cavity 
collected with a pipette. This was carefully layered 
over 1-5 ml. of a 30 per dent water solution of bovine 
serum albumin (fraction V., Armour) and centrifuged 
in an International refrigerated centrifuge model 
PR 1 at 900 r.p.m. for 2 min. The albumin solution 
was then removed with a pipette, avoiding con- 
tamination with interface cells, diluted to 20 ml. 
with Tyrode solution and centrifuged at 1,000 r.p.m. 
for 5 min. This last operation was repeated once 
more and finally the deposit in the bottom of the tube 
was resuspended in 0-2-0-3 ml. Tyrode solution. 
This procedure resulted in a suspension containing 
90-98 per cent of mast cells most of which were well 
preserved. These cells were then studied by aid of 
phase contrast microscopy either under dry magnifi- 
cation (x 800) or with oil immersion objective (x 
1,000). A drop of the mast cell suspension was placed 
on a slide and covered with a square coverslip two 
sides of which were sealed with 
melted paraffin, A small well of 
paraffin was then made at each free 
side of the coverslip in the same way 
as was described by Strangeways 
and Canti’, the preparation kept in 
a warm stage at 37° C., and a 
suitable group of well-preserved 
mast cells selected for observation. 
Horse serum heated at 37° C. was 
then placed in one free side of the 
coverslip and sucked on to the cells 
with a piece of filter paper. Usually 
the mast cells stood still when the 
antigen was sucked through, al- 
though sometimes many were 
washed away. As a control to these 
experiments the effect of horse 
serum on non-sensitized mast cells 
was also observed. 

In these conditions the effect of 
the antigen on sensitized mast cell 
was a very striking one. A few 
seconds after the antigen had been 
sucked on to the cells there was a 
slight increase in cell size followed 
by a sudden appearance and dis- 
appearance of successive vacuoles 
which made the cell look as if it 
were ‘bubbling’. Sometimes it was 
possible to observe extrusion of the 
granules, which occurred, so far as 
could be observed, without damage 
to the cellular membrane. This 
phenomenon was very rapid, but 
was slowed down by low tempera- 
ture and could be more easily 
followed at 25° C.—a temperature 
at which the phenomenon took as 
long as 1 min. to complete. When 
cell change was no longer seen, the 
cell had lost its regular contour, the 
granules had become more apparent 
and large empty spaces could be 
seen among them (Fig. 1). However, 


á s 
~ .@se> 


Phase contrast 


** 











x k we were not able to see any ; alteration ih n the form of 
thè mast granules, most of which remained inside the 
cell. This phenomenon is very like that produced by 
compound 48-80 on rat mast cell‘. The very conspic- 
uous damage induced to mast cells in anaphylaxis! led 
us to propose. the hypothesis that mast cells might 
contain antibodies'!. Later on, Humphrey and Mota’, 
neluded that the antigen-antibody reaction in 
phylaxis must occur in, or very near, the mast 
s. However, at that time no direct proof could be 
_ produced that the mast cells contain antibodies. 
c Our present results showing that washed isolated 
mast cells taken from sensitized animals are still able 
= cto respond to the specific antigen strongly suggest 
<- that mast cells contain antibodies and that damage 
induced to these cells in anaphylaxis is the con- 
sequence of an antigen-antibody reaction occurring 
in the mast cell itself. How the antigen-antibody 
complex once formed damages the cell is a challenging 
problem, However, there is some evidence that 
antibodies are located on the cell surface’, and if it 
is assumed that y-globulin is one of the protein 
constituents of the cell membrane, its combination 
with antigen could disturb the molecular equilibrium 
of the membrane and in so doing start the process of 
cell damage. Further experimental work is needed 
on this point. 
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‘Weightless’ Micro-electrodes for 
recording Extracellular Unit Action 
Potentials from the Central 
Nervous System 

Iw order to record the activity of single nerve cells 
in the mammalian central nervous system it is 
necessary to maintain the tip of the recording 
electrode (a micropipette or metal needle) within 

-some 30u of the cell bodyt. The skeleton of the 
animal is usually rigidly clamped to a heavy metal 
base and in many experiments this base also carries 
the micro-electrode upon a rigid support. Unfor- 
tunately the exposed central nervous system expands 
with every beat of the heart and also with exhalation 
of air from the lungs. Because such movements can 
make records of unit activity difficult or impossible 
to obtain, a technique has been developed?’ for 
recording from cells in the cerebral cortex in a 
rigidly enclosed cranial cavity. This system has 
©. proved so successful that lengthy records can be 
obtained from unanesthetized, mobile animals. 








April 16, 1960 Vor. 186 


wever, limitations to this technique. 





There are, Es 


It is not readily adaptable to exploration of a wide | 
area of cortex ; , moreover, it cannot be applied to an 
s examination of the spinal cord or brain-stem. 
‘this reason we have developed the ‘weightless’ 


For 


micro-electrode described below. | 

The principle of the device illustrated in Fig. 1 is to 
suspend the micro-electrode (with its tip appro- 
priately placed) from a spring which is sufficiently 
light to allow the electrode to follow movements of 
the nervous system. A weak spring S is soldered at 
the upper end to a length of brass rod R ; the lower 
end of the spring is soldered to a trace T which en- 
circles a strip of thin celluloid C carried on a trans- 
parent ‘Perspex’ collar fixed on the end of the pro- 
tective glass tube G that encases the whole assembly. 
The lower part of the diamond-shaped trace T is 
soldered to a chlorided silver wire ; when the micro- 
pipette M is screwed into the conical-spring CS the 
ehlorided silver wire dips into the saline that fills the 
butt of the electrode. The trace T also carries two. 
central prongs P so arranged that they are in line and: 
separated at the tips by a distance d where d~(cellu- 
loid thickness) 1 mm. Electrical connexion with 
the cathode follower input is made through the whole 
metallic system supporting the weight of the micro- 
electrode. | 

The dimensions of the system are unimportant and 
cannot very well be decided without prior knowledge 
of the average weight of an electrode and the strength 
of the spring. In general, the electrodes used should 
be as light as is convenient for handling ; the mass of 
trace and spring should be kept small, and the spring 
itself should be stretched to at least 150 per cent of its 
resting length by addition of the electrode. The 
dimensions of the instrument which we are using are 
provided in Fig. 1. 
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Fig. L 5, Spring of 0-0054-in. nichrome wire: T P, trace of 
0-0075-in, stainless steel; M, micropipette of average weight 
70 mem. when fitted. Other details are provided in the text 
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> After attaching a particular micro-electrode, the 
- electrode is weighed by raising or lowering R in 
_ relation to the upper ‘Perspex’ cap until the prongs P 





of the trace just ride clear of the celluloid gate C. + 
-< The whole assembly may now be attached to arn 


< appropriate drive by a third ‘Perspex’ collar encircling 
the tube G and swung into position over the exposed 
“nervous system. During insertion of the micro- 
. electrode, as the whole carriage descends and the 
electrode touches the surface the celluloid gate 
comes in contact with the lower prong P. Insertion 
continued until the micro-electrode’s tip encounters 
‘suitable for recording. If possible, it is desirable 










loses contact. with the lower prong of the trace. 
_ Considerable movement of the whole carriage now 
< leads to very small movements (in the same direction) 
of the micropipette, which is ‘floating’. In this way 
the desired cell can be found again and, ideally, 
recording should be begun only when the celluloid 
gate is half-way between the two prongs. An instru- 
ment of this form must be designed to meet the 
= owner's particular requirements. Our own carriages 
permit --200u upward or downward movement of the 
Nervous system and allow +2 mm. lateral movement 
Of the preparation without loss of the record from a 
single unit. Lateral movements of 2 mm. can be 
made without causing any detectable alteration in 
- amplitude of recorded spikes. This system com- 
pletely eliminates the periodic variations of spike 
height which are due to respiration and the pulse 
in the fully exposed brain or brain-stem, and allows 
one to record from single units (deeper than about 
1002) for 6 hr. or more. 
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HAMATOLOGY 


= Bacterially Mediated False-Positive 
_ Reactions in Lytic Blood-Typing Tests 


Ix blood-typing tests which employ lytic techniques, 
false-positive reactions can be brought about by the 
use of improperly rinsed and improperly dried test- 
tubes that still contain residues of acid or detergent 
or traces of water. In the course of performing 
_ routine blood-typing tests on citrated samples of 
~~ gattle blood sent into this laboratory for blood-group 
~-analysis!, we have encountered certain false-positive 
. Feactions which cannot be attributed to the use of 
dirty tubes. Rather, they appear to be of the order 
< of true antigen-antibody reactions. 
<o It is observed that the red cells in certain infected 
— or bacterially contaminated samples of cattle blood 
- are modified or transformed in such a manner that 
_ they react with certain natural antibodies which do 
< not react with and cannot be absorbed by unmodified 
~~ gattle red cells. These particular natural antibodies 










‘NATURE 


seem to be universally present, in varying concen- 
trations, not only in virtually all our cattle blood- 
typing reagents! but also in fresh rabbit serum which 
is used as complement in the cattle tests. 

We believe that these bacterially mediated trans- 
formations of cattle red cells may be closely akin or 
identical to the well-known transformations of 
human red cells—the Thomsen hemagglutinatio: 
phenomenon—-brought akout by certain bacteri 
their filtrates*. At present, the main difference see: 


to be in the manifestation of the serological reactions. > 


Transformed human red cells are said to be pan- 
agglutinable. That is, they agglutinate in virtually 
any serum including the autologous serum. Trans- 
formed cattle red cells are rarely if ever panagglutin- 
able, an observation made long before us by Frieden- 
reich?. This is in keeping with the observation that 
unmodified cattle red cells rarely exhibit agglutination 
even when sensitized with multiple doses of blood- 
typing antibodies—a fact which has necessitated the 
use of lytic techniques in the cattle studies*, 

Transformed cattle red cells, when sensitized with 
sufficient natural antibodies, are usually lysed in the 
presence of an appropriate complement (C’) such as 
that in fresh rabbit serum. Whether they will be 
lysed by the action of natural antibodies and C’ seems 
to depend largely on the degree of transformation 
and upon the concentration of natural antibodies not 
only in the various dilutions at which our blood- 
typing reagents are used but also on the con- 
centration of natural antibodies in fresh rabbit 
serum. 

When the red cells are what we shall refer to as 
maximally transformed, they are essentially pan- 
hemolytic. That is, they become lysed in the tests 
with each reagent and also in the complement 
controls. Therefore, the complement controls alone 
are usually adequate in screening maximally trans- 
formed cattle red cells. Such controls are not, 
however, adequate in screening minimally trans- 
formed cattle red cells, and herein lies the fallacy in 
the notion that complement controls in conjunction 
with saline controls are sufficient to detect those 
samples of blood which are unfit for typing in lytic 
tests. The complement controls alone will not do 
this because, in our experience, the concentration of 
natural antibodies in pooled rabbit serum is usually 
not above a threshold necessary to bring about lysis 
of minimally transformed cattle red cells during the 
ordinary time-course of the blood-typing tests. 
When minimally transformed red cells are lysed in 
the complement controls, the lysis may not begin to 
make its appearance until the final reading (check- 
reading) of the tests and it is usually of a very weak 
degree. Furthermore, in the absence of reactions 
brought about by the specific blood-typing antibodies, 
the minimally transformed red cells seem to maintain 
their stability as well as or even better in tests with 
the majority of our reagents than they do in the 
complement controls. We suspect, as indicated by 
titrations, that certain constituents in the serum of the 
reagents exert a protective influence on the trans- 
formed red cells. 

Some of our reagents, however, are rather richly 
endowed with the offending natural antibodies, and 
it is in the tests with such reagents that lysis of 
minimally transformed red cells takes place in spite 
of the protective influence of the serum. Such 
reactions can simulate closely those brought about 
by the specific blood-typing antibodies, thereby 












2 providing a previously unsuspected i 
* subtle kind of false positives in lytic tests. 
: The observations whith led us to the ray of 


false positives of this order is another story which we .... í 


hope to publish elsewhere along with results of trans- 
formation of cattle red cells brought aboutnot only 
by various bacteria isolated from cattle blood: samples 
but also with borrowed cultures of organisms known 
y transform human red cells.» 






-bra In the meantime, it 
iay be well to mention ab least one of the steps 
which we have taken in order to detect those samples 
in which the red cells may be minimally transformed. 
In addition to being cognizant of those reagents 
which are richly endowed with natural antibodies 
and are thereby capable of producing false-positive 
reactions with minimally transformed red cells, we 
employ, as a control, a bovine serum which contains 
no specific blood-typing antibodies but does contain 
natural antibodies in sufficient concentration to react 
with minimally transformed red cells. Red cells 
which become lysed in this reagent are regarded as 
transformed and are thereby subjected to close 
. serutiny with respect to their reactions with the 
regular blood-typing reagents. When there is any 
doubt regarding the latter reactions, antibody- 
absorptions can be performed to distinguish those 
reactions which may be brought about by natural 
antibodies rather than by the specific blood-typing 
antibodies. 
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Antithromboplastin in Human Serum 
and Plasma 


7 THE existence of antithromboplastin as a blood 
>e coagulation factor has been well documented (for 
example, see ref. 1). “While it is likely that anti- 

thromboplastin plays a part in the prevention of 
blood coagulation in the body in health, it does not 
appear to have been characterized physiologically. 

Berry? has indicated a suitable technique for its 

demonstration which we have apphed with slight 

modifications in detail only to whole serum, whole 
plasma (platelet-free) and also to the electrophoretic 
fractions of serum and plasma. These fractions were 
eluted by mechanical squeezing from strips cut from 

pieces 36-cm. wide of Whatman No. 3 paper used in a 

‘fakir’s mattress’ type of electrophoresis apparatus’. 

Our technique was, basically, to incubate serum, 

plasma or the electrophoretic fractions with human 

brain thromboplastin and calcium chloride at 37° C., 

and at known intervals to add an aliquot of this 

ineubation mixture to a substrate platelet-free 
plasma and note the time it takes to clot. A saline 
control repeatedly gave coagulation times of about 

20 sec. (shown as 100 units on the ordinate in Fig. 1). 

It should be noted that this technique demonstrates 








tissue type of thromboplastin and not against the 
thromboplastin formed by blood undergoing the 
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Fig. i. Curves (a) and (e) show the progressive retardation 


effect of plasma and serum respectively on brain thromboplastin. 

Curves (8) and (2) show the effect after the addition of thrombin. 

The units of the ordinate are percentages. Allcoagulation times, 

including those in Table 1, were expressed as percentages of the 

saline control, so as to overcome differences due to slight day-to- 
day variations in the latter 


natural coagulation mechanisms (intrinsic thrombo- 
plastin). 

Serum, when thus treated, showed an initial 
acceleration followed by a progressive lengthening of 
coagulation times (curve c). It is this progressive 
inhibition of the thromboplastin, claimed by Berry? 
to be due to an antithromboplastin, which can be 
estimated semi-quantitatively by the gradient of the 
curve ; steeper curves indicating greater amounts of 
activity. 

Plasma showed a greater level of activity than 
serum (curve a). The initial acceleration of coagu- 
lation in both cases is probably due to the presence of 
factor VII, since it is absent after absorption by 
aluminium hydroxide®. The eluates from the a,- 
globulin region of serum show an accelerating effect 
(that is, a coagulation index less than the 100 per 
cent control-level); see Table 1, column a. This, 
again, is probably due to factor VII, which has been 
shown to migrate in this region’. We cannot explain 
the accelerating effect seen in the -globulin region. 
It is possible that it is associated with lipoproteins, 
many of which migrate in this zone. 

Retarding effects appear in the «,-globulin and the 
+-globulin regions in both serum and plasma, (columns 
a, ¢ and d}. Only in plasma is the retarding effect 
from both these regions progressive (column d) and 
therefore probably due to antithromboplastins. 
From columns c and d it can be seen that there is an 
increase in coagulation times when the fractions are 
incubated for 2 min., and then for 1 hr. In serum, 
this progressive retardation is seen only in the «- 
globulin region (column c). This. suggests that there 
are two circulating antithrombople ins; one, which 
migrates in the «-globulin region, present in serum 
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and plasma, and another, migrating in the y-globulin 
region, in plasma only. 

Further evidence for two antithromboplastins was 
shown by the effect of adding a preparation of 


thrombin to the incubation mixtures. The amount 
of thrombin added was that which shortened the 
-coagulation time of a saline - thromboplastin — cal- 
-eium chloride mixture from 28 to 16 sec. When added 
to serum during incubation, no effect on the steepness 
of the curve was produced (curve d), but there was a 
: marked — decrease in antithromboplastic activity 
-when thrombin was added to plasma (curve b). 
When thrombin was added to the electrophoretic 

fractions during incubation, the retarding action in 
the y-globulin region was neutralized (column b). 
The presence of long coagulation times in the «»- 
- globulin region in this column cannot, however, be 
assumed to be due entirely to antithromboplastin. 
-It is probably also partly due to antithrombin, 
-which is known to migrate in this region*. (Note that 
< the activity in this region in column b exceeds the 
100 per cent control level——a somewhat unexpected 
finding.) 

The above findings suggest to us that there are two 
circulating antithromboplastins in plasma. One of 
them (the y-globulin one) is neutralized by thrombin 
and presumably also during normal coagulation 
-processes ; and the other one in the «-globulin region 
- remains unchanged throughout and is present in 
sèrum. 

We thank Prof. K. R. Hill, Dr. Francis Gardner, 
and Dr. A. T. Richardson for their encouragement in 
- this work. 
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Determina! n of Calcium in Blood Serum 


by Atomic Absorption Spectroscopy .. 


ALTHOUGH many methods have been described for 
the determination of calcium in blood serum, they 


- give results which vary over a range of nearly 20 per 


cent},?, and there is still no agreement as to which 
method is. the most reliable. In general, the values 
given by the flame photometric methods are 3-4 per 
cent higher than those gbtained from the classi 
oxalate—permanganate titration, which in turn 


* 


about 10 per cent higher than those given by com- | 
plexometric and colorimetric methods, while the 


values given by spectrographic emission methods are - 


lower still. 

A completely new approach to the problem is 
afforded by the development of the technique of 
analysis by atomic absorption spectroscopy‘, and, 
following the development of a simple method’ for 
determining serum magnesium by this means, I have 
now investigated the determination of serum calcium 
also. 

With the same equipment as in the earlier work, 
but using a calcium hollow-cathode tube and passing 
the radiation through the lowest part of the air- 
acetylene flame, just above the zone of unburnt gas, 
accurate measurements of the absorption of the 
calcium resonance line (4227 Å.) were possible in 
solutions containing 5-15 p.p.m. calcium. The 
presence of phosphorus lowers the absorption 
markedly ; but this can be entirely overcome by the 
addition of large concentrations of strontium chloride 
or of the disodium salt of ethylenediamine tetraacetic 
acid. Provided a rich acetylene—air mixture is used, 
the protein in serum nullifies the effect of the phos- 
phate present, and for routine purposes measurements 
can be made on serum diluted 10- or 20-fold with 
water. Since only 2-5 ml. of solution are required for 
duplicate calcium determinations, less than 0-2 ml. 
of serum is required for the estimation of this metal. 
Magnesium, even in quantities far in excess of its 
concentration in serum, is without effect on the 
calcium absorption. The sodium and potassium 
present in serum have only a small influence on it, 
which is allowed for in any event by standardizing the 
instrument with solutions of calcium containing 
about the same concentration of sodium as do the 
serum solutions. ae: 

Table 1 shows calcium contents of sera obtained in 
the following ways : (a) The calcium was precipitated 
as oxalate, and the supernatant liquid removed by 
draining after centrifuging. The precipitate was 
dissolved in a drop of hydrochloric acid and made 


Table 1. CALCIUM CONTENT (™GM./100 ML.) OF BLOOD SERUM 
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* Freeze-dried serum. , 
+ This sample had stood in the refrigerator for several months 
and was centrifuged to remove the precipitate which had formed. 
































up to 5 ml. with strontium chloride solution (2,500 
p-p.m. strontium). (6) The serum ‘solution was 
deproteinized by the addition. of trichloracetic acid 
containing strontium chloride and measurements were 
made on the supernatant liquid after centrifuging. 
(e) The serum was diluted directly with water to 5 ml. 

It will be seen that there is good agreement between 
the values obtained for the calcium content of serum 
_by these three variations of the atomic..absorption 





"technique, and that in gengral the results are slightly 
“higher than the values obtained by the oxalate- 


permanganate titration. There is a small but signifi- 
eant difference between the results obtained by 
methods (a) and (6), which is of the magnitude to be 
expected from a combination of two factors, namely : 
(1) the failure of the oxalate buffer to precipitate the 
last 0-8-2-0 per cent of serum calcium® and (2) the 
decrease in volume, estimated at 0-5 per cent, of the 
serum solution after deproteinization in method (b). 

It is clear that method (b) is an accurate procedure 
for determination of calcium in serum, while method 
(e) gives very rapidly results which may be of suffici- 
ent accuracy for many purposes. 

A fuller account of this and the earlier’ work will be 
submitted to Spectrochimica Acta. 
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PATHOLOGY 


Cirrhosis of the Liver induced in Rabbits 
by Gastric Instillation of 
3-Monohydroxycholanic Acid 


.. Dary administration to rabbits of a desiccated 
< whole bile preparation rapidly gives rise to cirrhosis 
of the liver'. Later findings suggested that the effect 
was linked to the activity of bile acids? although 
several of the first tested and more common variants 
of them showed only a feeble liver damaging effect 
when used according to the present method?. 

On the basis of further analysis of the dried bile 


= i preparation, several variously substituted cholanic 
© acid derivatives have been investigated. Of the bile 


` acids so far tested 3-monohydroxycholanie acid 


'. (lithocholic acid) has been found highly effective. 


“Daily gastric instillation to rabbits (mean weight 
2-5 kgm.) of 10 ml. of a 0-5 per cent water suspension 
of the sodium salt of this acid (L. Light and Co., Ltd.) 
induced cirrhosis of the liver in 10 of 11 animals 


_ within three months. In several control groups of 


equal size no cases of cirrhosis were found. Higher 
concentrations led to more extensive liver damage 
and death of the animals. 

Massive fat infiltration was not observed. The 
extent of necrosis varied with the dose administered 
and the individual resistance of the animal. Hydropic 
degeneration of the liver cells was prominent. The 
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‘ultimate picture was usually that of a finely nodular 


diffuse cirrhosis. A detailed report will be published 
elsewhere, 7 : 
This work was supported in part by grants from 
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Estimation of Mouse Tumour Blood 
Volumes employing a Radioactive Isotope 
Technique 


CHANGES in radiosensitivity and growth-rate in a 
serially irradiated line of the mouse sarcoma 37 have 
been reported elsewhere!. The effect of oxygen con- 
centration on radiosensitivity has been reviewed 
recently by Gray? and might have contributed to the 
results obtained with sarcoma 37. The reduction in 
growth-rate in the serially irradiated line may have 
been due wholly, or in part, to a less-adequate develop- 
ment of blood vessels and capillaries within the 
tumour—resulting im longer diffusion paths. The 
evaluation of the internal vascularity of control and 
irradiated-line tumours was undertaken in an attempt 
to elucidate the causes of the observed changes. 
Macroscopic observations of the tumours in situ 
(developing on the abdominal skin) indicated a com- 
parable increase in size of the cutaneous vessels in 
control and irradiated-line tumours. 

Evaluation of the internal vascularity was under- 
taken by counting the ionization events within 
excised tumours after blood-labelling with a suitable 
tracer. This technique was possiblo owing to the 
lack of neerotie regions and blood sinuses in these 
tumours below a weight of approximately 700 mgm. 
The radioactive isotope employed had to be bound to 
a relatively inert molecule incapable of diffusion 
through the capillary walls. Radioiodine (I) bound 
to human serum albumin and suspended in a buffered 
saline? conformed to these requirements. This 
preparation was kindly made available by the 
National Institute for Medical Research, Mill Hill, 
London, N.W.7. The activity was of the order of 
350-400 uc. per ml. on preparation. 

The solution was injected into a lateral tail vein 
of lightly anesthetized mice. Owing to the small 
quantity available from each preparation (about 
3:5 ml), approximately equal numbers of mice from 
each group were injected from each batch. Some 
batches produced a marked anaphylaxis, conse- 
quently the volume injected varied between 0-25—-— 
0-15 ml. per mouse. 3-5 min. after injection were 
allowed for mixing before killing by cervical disloca- 
tion. The tumours were then immediately excised, 
blotted with No. 5 filter paper and weighed. A blood 
sample was taken from the heart, placed in a ‘Perspex’ 
chamber of about the same volume as the tumour and 
weighed. Activity counts were made by a scintilla- 
tion counter on the tumour, blood sample and back- 
ground. The weight of blood in each tumour was 
calculated from the resulting data. 

The results of these measurements for 19 irradiated 
B line (612) and 22 control tumours are shown in 
Fig. 1. Blood weights are plotted against tumour 
weights on a double logarithmie scale. The trend 
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lines for B12 and control data corresponded to 
slopes of 3/2 and 2/3 respectively. The scatter for 
“B12 tumours was small, the correlation coefficient 
“being 0-948-——indicating a high degree of correlation 
~ (perfect functional relationship being unity). For 
- ¢ontro] tumours a wider scatter was apparent, the 
“correlation coefficient being 0-584—indicating the 
presence of a trend, but with a low degree of correla- 
tion. 
‘The smaller blood volume values in B12 as com- 
pared with control tumours below a weight of about 
-350 mgm. (comparable to a tumour area of about 
35 sq. mm.) suggest that the mimcrease in time of 
‘tumour establishment experienced with this line may 
i be due to a reduced vascular response by the host to 
_ the initial implant. A comparison of the trend lines 
and values for tumour weights greater than 350 mgm. 


indicates that vascularity is not a factor in explaining 


-the reduction in growth-rate of established irradiated- 
line tumours. 
= > The high degree of correlation between blood. and 
tumour weights experienced with the B12 tumour 
results would appear to indicate that accurate evalua- 
< tions of tumour blood content can be made by this 
~ technique. 
ae F. S. a 
A. E. G. PEARSON 


part ments of Physies and asus Pathology, 
oe Mount Vernon Hospital, 
Northwood, 
e Middlesex. 
1 Pearson, A. E, G., Brit. J. Cancer (in the press). 


- £ Gray, L. G., “Organic Peroxides in Radiobiology”, ed. by Haissinsky, 
M., 104 (Pergamon. Press, London, 1958). 


3 MeFarlane, A. S., Biochem, J., 62, 135 (1956). 





Synovial Proliferation induced by 
Polysaccharides 


. Ove of the characteristic histopathological changes 
that occur in rheumatoid arthritis is the formation of 
annus. This synovial granulation tissue grows over 
ve surface of the articular cartilage, and in so doing 
‘odes the underlying matrix. If remission of the 
sease process occurs at this stage, then the resulting 
ormal joint surfaces will eventually lead to the 
lopment of secondary osteoarthritic changes, 
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irrespective of further exacerbations in rheumatoid 
disease. The development of synovial pannus is 
therefore of critical importance in the natural history 
of the disease process in a given joint, and the study 
of substances that are capable of producing a similar 
condition in experimental animals is of interest. 
Jones and Carter! have shown that a proliferative 
synovitis can be induced in guinea pigs by the 
subcutaneous or intravenous injection of bacterial 


polysaccharide complexes, These findings raised the poo 


possibility of inducing a similar effect by the intras 
articular injection of other polysaccharides the 
chemical nature of which was better understood, and 
consequently we have investigated the effect of mtra- 
articular carrageenin, a polygalactose sulphate em- 
ployed by other workers to produce connective tissue 
granulomas*~*. 

The polysaccharide solution in normal saline was 
sterilized by autoclaving, and then injected, under 
pentothal anesthesia, through the antero-lateral 
approach into the femorotibial joints of young adult 
male rabbits. Following varying periods of time, the 
animals were killed by air injection and the synovial 
membranes dissected, fixed and stained. Cultures 
from all joints were made in Robertson’s cooked. 
meat or Brewer’s thioglycollate media, so that all 
infected material could be discarded. The degree of 
synovial response to the polysaccharide was measured 
by the changes in either (a) the average number of 
cells per unit area or (b) the mitotic index, expressed 
as the number of mitoses/1,000 cells/per hr., following 
colchicine arrest. 

After a single injection of 4 mgm. of carrageenin 
there is a wave of proliferation, the number of 
synovial cells per unit area being at a maximum 
on the tenth day, and then falling gradually. The © 
effects of 0-2, 2:0 and 20°mgm. of polysaccharide 
per knee differed significantly in the degree of 
synovial proliferation. The effect of the highest 
concentration, however, was to elicit a much more 
marked influx of leucocytes and macrophages. In 
consequence, doses of between 2 and 3 mgm. of poly- 
saccharide were used in further experiments, as with 
this dose-level proliferation was easily stimulated 
and wandering cells were at a minimum. Table 1 
shows the variation of mitotic indices with time . 
following a single intra-articular injection of 3 mgm. 
of carrageenin. The contralateral knee was used as a’. 
control, as no increase in mitotic index above normal 
limits was ever observed in these knees following 
injection of their treated pairs. 

The results are expressed as the ratio of the treated 
mitotic index to the mean control mitotic index, 
which was 0-19 (standard error of mean 0-02). 





Table i 
Days after injection 1 2 3 4 5 
Treated nitotie index 43 309 29:3 219 17-6 
Control 


Parallel investigations of the levels of ribonucleic 
acid, deoxyribonucleic acid, phosphocreatine, diphos- 
phopyridine nucleotide and the in vitro uptake of 
oxygen, lactate production and glucose utilization 
showed that their maximum changes occurred at 
about the same period. These findings will be reported 
in full elsewhere. 

When carrageenin was injected weekly for several 
weeks, the resulting massive synovial proliferation 
was accompanied by areas of early pannus formation 
caused by the erosion of the matrix of the articular 
cartilage by the synovial granulation tissue. In 

















some rabbits, areas of small round 
cell accumulations were found in 
the proliferating villi, which 
resulted in a general histological 
picture very similar to that found 
in rheumatoid arthritis. 

Other polysaccharides, with 
widely varying structures, were 
also compared for their effect upon 
synovial proliferation by the use 
of a balanced incomplete block 
design. Glycogen, fucoidin, chon- 
droitin sulphate, dextrin, starch 
(soluble) and pectic acid were 
inactive but alginic acid and agar 
(Japanese) were significantly active, although less so 
than carrageenin. Prof. Choji Araki, Kyoto Tech- 
nical University, Japan, very kindly supplied us with 
specimens of agarose and agaropectin, the two 
components of this agar. The former compound has 
little effect ; but agaropectin is as active as carra- 
geenin in the induction of synovial proliferation. 

It is of interest that the two most active compounds 
both contain galactose. Carrageenin is a mixture of 
two polysaccharides, one containing sulphated galac- 
tose, the other sulphated galactose and 3 : 6-anhydro 
galactose chains. However, both constituents of agar 
contain galactose and 3: 6-anhydro galactose*, the 
active component, agaropectin, also containing small 
amounts of sulphate, glucuronic acid and pyruvic 
acid. It is unfortunate that little is known of the 
detailed structure of agaropectin. 

Further work is in progress on the possible relation- 
ship between polysaccharide structure and the 
induction of synovial proliferation ; but it is suggested 
that the experimental system reported here may have 
some use for the screening of therapeutic substances, 
such as steroids and their synthetic analogues, for 
anti-proliferative activity in synovial membrane. 

We are indebted to Dr. E. Booth, Institute of 
Seaweed Research, Inveresk, and Dr. G. F. Springer, 
University of Pennsylvania, for gifts of fucoidin, to 
Dr. M. J. Egerton, Beecham Foods, Ltd., for the 
pectic acid used in this investigation, and to Dr. L. 
Stoloff, Marine Colloids, Inc., New York, for samples 


of carrageenin. mn 
D. P. PAGE THOMAS 
J. T. DINGLE 
E. R. COOK 


Medical Research Council 
Rheumatism Research Unit, Bath. 


Fig. 1. 
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Anthelmintic Efficiency of Tetrachloro- 
difluoroethane against Fasciola hepatica 


in Sheep 
CARBON tetrachloride and hexachloroethane are 
the most frequently used anthelmintics against. 


Fasciola hepatica, the common liver fluke of sheep. 
These drugs are not always fully effective, and both 
at times produce severe toxic symptoms or death. 
Consequently, there remains the need for a safer and 
more effective agent active against liver fluke. 
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necrosis of body of F. hepatica following treatment of sheep with 
‘Freon-112’ 


Inorganic? and organic** fluorine compounds 
have been shown to possess anthelmintic qualities, 
and it has been stated’ that substitution of fluorine 
for chlorine in the methane series decreases toxicity. 

Laboratory and field trials with 29 and 126 sheep, 
respectively, have shown that tetrachlorodifiluoro- 
ethane (‘Freon-112’, E.I. du Pont de Nemours and 
Co. (Inc.), Delaware) is highly effective against 
mature F. hepatica at a dose-rate of 0-15 gm./lb. 
body-weight. Admixture with liquid paraffin to give 
a 50 per cent w/v mixture lowered the high freezing 
point and vapour pressure and gave a convenient 
solution for drenching. There was regularly a drop of 
99-100 per cent in fecal egg count. No living flukes 
were found in 29 previously infested sheep when the 
livers were examined at an abattoir 19 days after 
treatment. The drug was administered by intra- 
abomasal injection to two sheep and intrarumenally 
to four with similar results. 

The effect on immature flukes was variable, and 
ranged from a complete kill to very little reduction in 
numbers. The low toxicity of ‘Freon-112° will permit 
higher dose-rates to be employed in future trials of its 
efficiency in acute fasciolosis. 

It has been reported® that doses of 2 gm./kgm. per 
day for up to 33 days did not produce liver damage 
in rats. No pathological changes were found in the 
liver, kidney or myocardium following single doses 
of 0-75 and 1-0 gm./lb. given orally to sheep 24 hr. 
before slaughter, No clinical symptoms of toxicity 
were observed in more than 150 sheep in 5 different 
locations treated with ‘Freon-112’. 

Three sheep were killed 24, 48 and 72 hr. re- 
spectively after treatment, and the flukes and eggs 
were collected. A very strong contraction of the 
uterus was observed, and it appeared that all eggs 
had been extruded from the flukes. In some cases 
the whole body except the oral and ventral suckers 
and the extreme oral portion of the fluke was necrotic 
(Fig. 1). In others most of the body had disintegrated 
and vanished, but the suckers and oral part were still 
active. This ascending necrosis of the fluke body has 
been observed by us at only one of many examinations 
following treatment of infested sheep with carbon 
tetrachloride. ‘Freon-112° produced an adverse 
effect on the development and hatching of fluke eggs 
collected from the gall bladder and then incubated 














Table 1. EFFECT or ‘FRRON-112’ ON FLUKE EGGS 
Results given as percentage of total eggs examined after 2 weeks 
incubation 

Hr. after No Development | 

Sheep treatment development started Hatched 
C 71 24 22 64 | 14 | 
74 48 42 4s 10 | 
C277 72 70 28 2 | 
' 
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at 28°C. for 2 weeks. The intensity of this effect was 
increased with the length of the period during which 
the eggs had remained in the treated sheep (see Table 
1). This is a useful residual effect. 
Details of these experiments will be published in 
the Australian Veterinary Journal. 
J. O. Bornay 
I. Q. PEARSON 
Division of Animal Health, 
McMaster Animal Health Laboratory, 
Commonwealth Scientific and Industrial 
Research Organization, 
Parramatta Road, 
Glebe, N.S.W., 
Australa. 
1 Mönnig, H. O., Onderstepoort J. Vet. Sel., 1, 67 (1933). 
* Habermann, R. T., Rnsie, F, D., and Foster, A, 0., Amer. J. Vet. 
Res., 6, 131 Ges 
7 Rep. U. 8. Bur. Anim. Ind., 1982-88, 46 (1933). 


1 Damidov, N. ae lr gly (4), 29 (1955). 
s Jenkins, G Hartung, W. H , Hamlin, K. B., and Data, J. B., 
“The Oiemlstry of Organic Medicinal Products”, 22 (Wiley, New 


York, 1957 


* Greenberg, L. a and Lester, D., Arch, Indust. Hyg., 8, 846 (1050). 


Subnormal Level of Carbonic Anhydrase 
in Blood of Carcinoma Patients? 


It was shown in a recent paper? that the zinc 
content of whole blood in cases of very different 
cancers was subnormal (a mean decreage of about 
20 per cent being found). Various metalloproteins are 
known which contain zinc as an essential part*. It 
seems wise to devote careful attention to carbonic 
anhydrase, a substance present in relatively largo 
amounts in red blood corpuscles and described in 
detail by Keilin and Mann’. 

If, when using the preparation method of these 
authors quantitatively, it should turn out that the 
quantity of zinc present in whole blood equals the 
quantity of zinc present in carbonic anhydrase 
prepared from this blood, one might characterize 
carcinomas by a subnormal level of carbonic anhyd- 
rase. Table 1 shows results of determinations of zinc 
carried out by analysing various blood fractions 
which Dr. H. J. van den Berg was kind enough to 
prepare. After centrifuging off the serum, hemolysing 
the e ytes and precipitating hæmoglobin with 
ethyl alcohol and. chloroform, the remaining carbonic 
anhydrase was precipitated with lead acetate. The 
determination of zinc was carried out spectro- 
chemically‘. 

According to Keilm and Mann, 50-60 per cent of 
carbonic anhydrase is occluded during the pre- 
cipitation of hemoglobin, which can also be seen 
from Table 1. 





Table 1 
Weight | Zinc content| Weight of | Weight of 
( oer ) zino (gm.) 
Whole blood T . 000115 
Leucocytes + 
water 1 25 
105 
0 00115 
105 000104 
He ig 
First on 25 
Second fraction 3 
Lead precipitate 4 
Total 0-00101 o 00104 
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The lead precipitate cannot be decomposed without 
destroying the protein. For this reason the clear 
solution of carbonic anhydrase was dialysed against 
water, whereby according to Vikbladh® once again 
zine (“loosely-bound zinc”) is lost up to about 70 per 
cent. The dialysed solution, free from chloroform, 
alcohol and salts, was dried in vacuo at a low tempera- 
ture (about 5° C.). 

Table 2 shows the zinc balance. 


Table 2 
Mgm. zinc 
100 ml. of whole blood contains 0°65 
The serum fraction contains 0-1 
remainder 0-55 
60 or cens loss owing to co-precipitation wi ETA ja 
70 cent loss owlng to loosely bound ‘ind being 
remainder 0-07 
45 mgn, of impure carbonic anhydrase (containing 
0-1 cent zinc) prepared from 100 mi. eat whole 
bi contain also 0 07 


It appeared to be possible to increase the purity of 
the product: ita zinc content varied between 0-25 
and 0:35 per cent (Keilin and Mann, 0:33 per cent ; 
other investigators, between 0:2 and 0:32 per cent). 

The properties of the preparations are as follows: 

(1) One of them appeared to contain 14-1 per cent 
nitrogen (Dr. F. J. Spruit); Keilin and Mann 
mention a value of 14:95 per cent. 

(2) Paper electrophoresis (Dr. J. Voogd), showed 
the existence of two protein fractions (see also Bate- 
Smith’). The main fraction appeared to change 
proportionally with time into the second fraction, 
which has a amaller rate of migration and probably 
& larger molecular weight. This change appeared to 
be closely related to the zinc content of the carbonic 
anhydrase. It is known that zinc facilitates the 
formation of larger molecules. On the other hand, this 
effect of change was shown to be absent when all 
manipulations were carried out m the absence of 
oxygen. It is therefore probable that carbonic 
anhydrase is sensitive to oxygen. 

(3) Semi-quantitative spectrochemical analyses 
showed the following resulta: 0:2-0-8 per cent 
potassium and also sodium; 0-7 per cent calcium ; 
0-1-0-2 per cent phosphorus; 0-:05-0:1 per -cent 
magnesium; 0:01-0:03 per cent copper; 0-01 per 
cent iron and 0-001 per cent manganese (a pre- 
paration made from ox blood appeared to contain 
twice as much of these elements, but only 8 per cent 
nitrogen). 

The following hypothesis seems worth serious 
consideration. A subnormal level of carbonic anhyd- 
rage in carcinoma cases can have a serious effect on the 
metabolism. The transport of carbon dioxide can be 
hindered, and this is certainly the cage in a tumour 
resulting in a process of fermentation’. Therefore in 
my opinion it would be worthwhile to study intensively 
the anti-carcinogenic activity of carbonic anhydrase, 

Thanks are due to Dr. H. J. van den -Berg, 
Dr. F. J. Spruit and Dr. J. Voogd for their valuable 
help as well as to Miss H. Savenije for her careful 
determinations of zino. 

N. W. H. Appinx 


Phlips Research Laboratories, 
Eindhoven. Dec. 24. 


1 Addink, N. W. H., and Frank, L. J. P., Cancer, 12, 644 (1989). 


* Valles, B. L., “Ady, Protein Ohem.”’ , 10, 817 (Academic Press, New 
York, 1065). 


* Kellin, D., and Mann, T., Biochem. J., $4, 1163 (1940). 

* Addink, N . W. H., Ree. "Trav, Ohim, 'Pays-Bat., 74, 197 (1955). 

* Vikbladh, T., Scand, J. Chn. and Lab. Invest., 3 (Supp. 2), 1 (1951). 
* Bate-Smith, E. O., Biochem. J., 34, 1176 (1940). 


* Greenstein, J. P., "Biochemistry of Cancer”, 460 (Academico Press, 
New York, 1984). 
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RADIOBIOLOGY 
Inability of Thiotaurine to protect Mice 
against lonizing iation 


OnE of the theories proposed for explaining the 
protective role of certam substances on animals 
submitted to a lethal dose of ionizing radiation 
involves the capture of free radicals by the protective 

compound (scavenger action). As & consequence of 

this process the compound is chemically modified in 
the biological structures where it happens to be, 
which then survive the irradiation. If such a theory 
is correct a certain degree of correlation would be 
expected between the protecting activity of a sub- 
stance and its lability towards radiation, unless a 
catalytic mechanism 18 involved. 

Cystamine, one of the best-known biological 
protectors against radiation4, is relatively resistant to 
radiation in solution. A low percentage of degrada- 
tion products bas been detected only after heavy 
irradiation’, Thiotaurine, a metabolic product of 
cystine and cystamine, has been recently found more 
sensitive than cystamine to an equal amount of X- 
and y-rays®. 

The validity of the presumed correlation between 
radiochemical degradation and biological protection 
has been investigated by comparing the protective 
effects of.thiotaurme and cystamine against a lethal 
dose of X-rays on mice. Three groups of 15 white 
male mice of the Swiss strain weighing 20 gm. were 
placed in a wooden box with a ‘Perspex’ cover in 
mixed groups of 15 animals and exposed to a dose of 
600 r. in the space of 15 min. One group was the 
control: another was injected intraperitoneally with 
half the £.D50 of cysteamine neutralized with N 
hydrochloric acid (cysteamine and cystamine have 
equal protective power!), 15 min. before irradiation. 
The third group received half the 1.050 of thiotaurine* 
in the place of cysteamine. Under our conditions the 
LD50 for cysteamine and thiotaurine were respec- 
tively 0:27 gm./kgm. and 3-52 gm./kgm., that is, 
thiotaurine is tolerated much more than cysteamine. 
On the molar base, the thiotaurine injected represents 
an amount seven times higher than that of cyste- 
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The results are shown in Fig. 1. It méy be seen 
that all the thiotaurine-treated mice died within 
10 days of irradiation, while little less than 50 per cent 
of the cysteamine-injected mice are still alive. This 
clear-cut result excludes any possible role of thio- 
taurine as a protective agent despite its relative 
lability towards radiations, and despite the large 
dose injected. This finding suggests that the correla- 
tion of the radiochemical degradation of a substance 
with its biological protective power is untenable. 
Moreover, it supports the view of those who believe 
that the ‘scavenging action’ plays only a minor part 
in the mechanism. of the chemical protection‘. 

This work has been assisted by a grant of the 
Comitato Nazionale Ricerche Nucleari. 

D. CAVALLINI 
L. Tewrorr 
Institute of Biological Chemistry of the 
University of Modena and Department 
of Biology of the Istituto Superiore di 
Sanita of Rome. 
Ba is, er aaa Ea **Principes de Radiobrologie”’ (Masson, 
1 Shapiro, B., Laas Eldjarn, L., Rad. Res., 8, 255 (1953). 


3 Cavallini, Ma ss B., Giovannella, B., and De Maroo, C., 
Nature, Tga 61 (19 


‘ Cavallini, D., De AA and Mondovi, B., Bull. Soo. Ohim. Biol., 


AQ, 1711 (1958). 


* Cohen J. A., Vos, O., and van Bekkum, D. W., “Advances in Radio- 
biol ‘edit. by Hevesy, G. de, Forsberg, "A., and Abbatt, J. D , 
184 Beton and Boyd, e arai, 1957). 


Divergence between Lethal Doses and 
Sterilizing Doses of X-Rays with 
Progressive Development in Habrobracon 
Females 


Iw the present work I have determined the weakest 
lnk in an insect life-cycle and related this to the 
quantitative differences between the sterility and 
lethality doses when virgin females were irradiated 
at various developmental stages. The wasp used is 
known in genetic hterature as Habrobracon juglandis 
(Ashmead). The females were chosen since it was 
believed that a non-sterile female would normally 
live and copulate with a son and afterwards produce 
both males and females. Critical stages for exposure 
were selected at significant changes in somatic and/or 
gonadic differentiation. 

The stock, derived from a mother-son mating in 
1952 of wild type Whiting stock No. 33, has main- 
tained excellent egg production and viability for 
more than 270 generations. The small braconid 

wasp parasitizes various lepidopteran larvæ. Ephestia 
buehnielta (Zeller) caterpillars are the standard host 
employed. Habrobracon females usually mate once. 
Fertilized eggs develop into diploid females; wn- 
fertilized eggs develop parthenogenetically into 
haploid males. All rearing was done at 30°C., and 
samples of 20 wasps per stage were used. 
or immature forms of known age were 
iated at the Marine Biological Laboratory, 
Woods Hole, Massachusetts (25 m.amp., 250 kV. 
peak, filtration = 0:2 mm. copper). A constant 
target-tube distance of 23 cm. was maintained to 
produce 600 r./min. 

Females were considered sterile if oviposition 
failed ; or in the case of forms more than 6 days old, 
if oviposition ceased after the deposit of eggs pre- 
formed at the time of irradiation. The lethal dose is 
considered to be that X-ray exposure which prevented 
eclosion ; consequently, death could occur between 
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Fig. 1. Sterilizing and lethal X-ray doses for cant develo 
mental stages in the life-cycle of Habrobracon Fe pei (Ashmead) 


treatment and pre-eclogion, usually at some develop- 
mental crisis. 

Specific controls were not used. Stock performance 
durmg the experiments and its subsequent perform- 
ance are sufficient evidence of an unaltered and high 
reproductive capacity of untreated wasps. 

The pattern of radiation-induced effects is shown 
in Fig. 1 for most of the life-cycle to demonstrate 
the divergence between sterilizmg and lethal doses. 
At stages earlier than shown, the gonad is no more 
radiosensitive than the soma, since females develop- 
ing after doses at the lethal threshold are as fertile as 
unexposed wasps. Very little radiation, 100-200 r., 
kills 1-3 hr. embryos. This, the weakest link in the 
life-cycle, is the time at which primitive germ cells 
differentiate and begin posterior migration. These 
cells are not seriously influenced by irradiation up 
to the dose that prohibits hatching. Selective ir- 
radiation of the posterior pole was not successful in 
destroying this cell population. The bulk of the egg 
(9-13 hr. old) was shielded with lead so that only the 
posterior pole was irradiated with 170 r./min. Samples 
were exposed from 1 to 90 min. The 10-min. exposure 
appeared to be lethal. 

The curve (Fig. 1) for mcereased radiosensitivity 
does not progress smoothly. Biological considerations 
are offered in explanation. During early larval life, 
all basic organ systems differentiate from embryonic 
germ layers, but the business of ingestion seems of 
chief concern, during the instars. Then at 90 hr. 
there is a highly active physiological condition in 
preparation for spinning, as well as critical internal 
histological changes. Then, somatic radioresistance 
increases appreciably at the postmeconium stage 
(114 hr.), followed by & drop back toward sensitivity 
in white pups. Compared with older forms which 
withstand up to 300,000 r. (ref. 2), white pups are 
very sensitive probably because muscle and other 
tissues are forming while the fat body, the pre- 
dominant tissue, is resorbed. Active cell division and 
physiology could account for the radiosensitivity. 
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Thus, the over-all pattern of effects appears con- 
sistent with a modernized version of the radio- 
biological ‘law’ of Bergonie and Tribondeau (see ref. 4) 
which stated that sensitivity of cells to radiation 
depends upon their reproductive activity and degree 
of differentiation. 

I thank Dr. D. 8. Grosch for his help and guidance 
during this investigation and preparation of this 
communication. The work was carried out as part of 
the requirement for a PhD. thesis at North Carolina 
State College, Raleigh, North Carolina. 

Howarp E. ERDMAN 
Biology Operation, Hanford Laboratories, 
General Electric Co.. Richland. Warhington. 
1 Henschen, W., An. Morphol. Okol. Tiere., 18, 144 (1028). Spetcher, 


B. R., unpublished Master’s thesis at Pittab Univers: 
liska Mu 


* Heldenthal, G., Genetics, 30, 197 (1945). ; 
* Grosch, D. 8., J. Elisha Mitchell Sct. Soc., 65, 205 (1949). 


4 q» Z. M., and Alexander, P., “Fundamentals of Radiobiology” 
(Academic Press Ino., New York, 1955). 


Changes in Structure of a Periclinal 
Chromosomal Chimera of Apple 
following X-Irradiation 


TEREN types of periclinal chromosomal chimeras 
in apple have been found in Nature’-*, Their apical 
meristems are characterized by one, two or three 
layers of diploid cells over tetraploid interior cells. 
Plants with one diploid layer (designated 2—4—4—4) 
produce diploid gametes, but the others (2-2-4—4 and 
2~-2-2-4) produce haploid gametes?. Since 244-4 
chimeras are a source of diploid gametes for use in 
breeding polyploid apples, it would be desirable to 
produce this chimera in varieties in which only the 
other types have been found. X-rays have been shown 
to alter the structure of a periclinal chimera in 
carnation*. The effects of X-radiation on a 2-244 
chimera of apple, ‘Giant Spy (Loop)’!-*5, has been 
reported as an abstract* and are here described in 
more detail. 

Dormant one-year-old shoots from trees seven to 
twenty years old of ‘Giant Spy (Loop)’ apple were 
irradiated in February, 1957, at Brookhaven National 
Laboratory, Upton, New York. A General Electric 
Maxitron X-ray machine was operated at 250 kVp. 
and 30 m.amp. with I mm. aluminium filtration to 
deliver doses of 3,000 r. A single layer of scions was 
exposed at one time and only those buds which 
occurred on the exposed side of the shoot were 
selected to grow. Treated and control scions were 
bench-grafted to apple seedlings and the plants 
forced in the greenhouse. 

Buds just starting to grow were fixed in Randolph’s 
modification of Navashin’s fluid’. Slides of about 40 
buds were prepared and stained in safranin and fast 
green’ or in crystal violett. 

The remaining plants were grown for two years. 
All trees sampled had grown from the irradiated 
scion and not from the rootstock. The terminal 
portion of each main branch (1-5 per tree) of 38 
treated and 6 control trees was cut in the spring of 
1959 and forced in water in the greenhouse. About 
2710- growing buds were collected and processed as 
described by Blaser and Hinset?. 

The distribution of diploid and tetraploid cells, 
which were distinguished by the comparative size of 
division figures, chiefly metaphase plates!, was noted 


256 


in the apical meristem, deeper stem tissues and young 
leaves of 2-15 buds per tree. Shoot tips with the 
constitution 2-2-4—4 and 2~—2-2—4 could be distin- 
guished only by comparison of figures in the apical 
meristem itself. At least one shoot tip with a definite 
determination of ploidy of layers was necessary 
to identify the type of chimera present. 

Buds from the trees which were the source of the 
irradiated material were found to be 2-2-4—4 chimeras 
either in the present or earkier® studies. The chrorno- 
somal constitution of buds from contro] plants was 
2~2--44, 

Buds collected two weeks after forcing of the 
irradiated bench-grafted scions showed a pattern of 
radiation damage similar to that found in other 
irradiated apple shoot apices’. The walls, cytoplasm 
and nucleus of cells of the first layer generally stained 
like those of normal meristematic cells. Occasionally 
a few cells showed collapse or ‘absence’ of the proto- 
plast. Many deeper cells ın the central area of the 
tunica and corpus showed heavily stained walls, 
collapsed cytoplasm and disorganized nucleus, or 
_ protoplast so lightly stained that the cell appeared 
‘empty’. The axillary meristems had a pattern of 
radiation- damage similar to that of the apical 
meristem. >» 

In about one-third of the apices collected 2—8 weeks 
after forcing* where the damaged area was still con- 
spicuous, division figures were found in living cells 
near the damaged cells, both in the first layer and, 
more frequently, in the deeper cells. 

The chromosomal constitution of branched or 


* unbranched shoots which had grown for two years 


after irradiation of the original bud is presented in 
Table 1. The high frequency (33 out of 41 surviving 
buds) of types different from the one irradiated makes 
it probable that these have occurred as a result of 
shifting of layers during the re-organization of the 
shoot apex after radiation damage, and not as ® 
result of changes in ploidy induced by radiation. 
Divisions observed in cells near the area of damaged 
colls ‘suggest that a shoot apex may be formed from 
cells peripheral to the injury, either ın the terminal 
or axillary meristems. Unfortunately, no stages m 
the re-organization of the apex were found, perhaps 
due to too widely spaced collections. The formation 
of a shoot primarily from the inner tetraploid 
cells with the original surface cells propagating 
themselves as a single diploid layer, which produces a 
24-44 type, was much less frequent than formation 
of a new shoot from the upper diploid layers, which 
produces 2~2~2—4 and diploid shoots. 

“Table 1. CHROMOSOMAL OOXSTITUTION OF TWO-YBAR-OLD SHOOTS 


wacH FROM ONN IATHD BUD OF ‘Grant Spy (LOOPY (2-2-4-4) 
Figures refer to the number of shoots of each type. 
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Eight shoots were not uniform in type (Table 1). 
The chromosomal constitution of buds in four 
instances was consistent within a branch, but in four 
others variable within a branch. The buds themselves 
appeared to be of one type. This lack of uniformity 
may result from the segregation of chimeral or diploid 
buds from different sectors of some reo 
apices. The instability of 2-2-2-4 chimeras may also 
be related to the slight tendency of natural 2-2-2-4 
chimeras to produce diploid buds’. 
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The pattern of radiation sensitivity of cella in the 
apple shoot apex, as indicated by their survival, is 
similar whether a wholly diploid shoot or a chimeral 
one 18 radiated with a dose semi-lethal to the bud’. 
Sensitivity to these doses seems to be related to the 
position of the cells in the meristem rather than to the 
ploidy of those cells. 

X-irradiation seems to be a tool for producmg 
from 2-2-4-4 chimeras, which produce haploid 
gametes, 2-444 chimeras, which may be expected, 
barrmg chromosomal or genic changes, to produce 
diploid gametes for use m breeding polyploid apples. 


CHARBLOTTE PRATT 


Department of Pomology, 
New York State Agricultural Experiment Station, 
Geneva, New York. 
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Autocatalytic Particles and Steady States 


THERE are several phenomena in microbial heredity 
which are suggestive of cytoplasmic inheritance in 
that a particular self-perpetuating state can be 
induced rapidly in a large majority of the population. 
by relatively simple changes in the growth conditions. 
These include long-term adaptation in yeast}, 
auto-adaptation in bacteria’, and the adaptive 
formation of f-galactosidose in Escherichia colt 
grown at maintenance-levels of inducer’. 

The first of these systems to be analysed in detail 
with respect to the points of interest here was long- 
term adaptation. One question which was asked 
was whether the ability of the cells of slow fermenters 
to metabolize galactose depends on the presence in 
these cells of some kind of autocatalytic particles. 
From an analysis of the kinetics of the loss during 
growth on galactose-free medium of the capacity to 
form galactose-positive colonies, it was deduced that 
this was indeed the case, and that a small number of 
such particles (of the order of one per cell) was 
necessary to function autocatalytically*. 

Several models were proposed for the mechanism 
of the autocatalysis, some of which did, and others of 
which did not, require that the particles be self- 
duplicating’.*«. These have all been superseded by 
the recent detailed analysis of the f6-galactosidose 
system of Escherichia cols?.?, in which it was possible to 
equate the autocatalytic particle with the B-galactos- 
idose permease. f 

There is one point in the discussion. of these results 
which should be clarified. The ‘autocatalytic particle’ 
hypothesis originally considered for long-term adapt- 
ation is of course logically valueless unless one can 
imagine some alternative model. The alternative 
genorally considered is an aparticulate model depend- 
ing on the existence of multiple steady states. There 
has been some disagreement in recent years® as to 
whether these two alternatives are really distinct. 
It has been implied that the ‘steady state’ hypothesis 
is simply a mathematical description which can be 
applied to autocatalytic particles among other 
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things’. This is presumably also the point of view of 
Cohn and Horibata’, since they interpret their results, 
which certainly involve autocatalytic particles, to be 
an example of the steady-state model. 

I wish to point out here: (1) that there is a logical 
distinction between autocatalytic particle models and 
stable steady-state models ; and (2) that no example 
of the latter has as yet been provided. 

Steady states. Consider a cell which contains n 
chemical species involved in related reactions. Let c 
be the concentration of the tth species. Then we 
have, in general, a system of n simultaneous differ- 
ential equations of the form : 


a = fg (Cy Ca ~- - - Cy) 


A stable steady state is said to exist at some set 
of values (C,, C. - - - Ca) of the concentrations if two 
conditions are satisfied: (1) ff (Ci, C,...C,) = 0 
for all +; (2) the system will tend to return to the 
steady state followmg a sufficiently small displace- 
ment in any direction from the steady-state values. 

It is easy to find examples of such steady state. 
It is also easy to construct examples in which more 
than one solution exists for condition (1). Condition 
(2) is also easy to satisfy for a single solution ; but ıb 
is not satisfied by most of the systems with multiple 
solutions which have been proposed m more or less 
mathematical detail by various authors?,", 

Condition (2) is, however, critical. Without it, 
the steady state is unstable in the same sense that the 
equilibrium of a cone balanced on its vertex is 
unstable. Any small fluctuation will cause it to 
diverge permanently from the steady state in question. 

Autocatalytic pariicles and unstable steady states. 
The autocatalytio particle hypothesis can be defined 
as follows. There is some subcellular particle X with 
the properties that: (a) A cell with at least one 
particle of X will synthesize more such particles 
during growth ; (6) a cell with no such particles will 
not form any. 

Such a system will generally have at least two 
steady states. One of these (at X = 0) is, however, 
unstable. The most basic distinction is therefore 
between stable and unstable steady states, the 
autocatalytic particle hypothesis being a special case 
of the latter. The mechanism of autocatalysis is 
irrelevant in the context. 

Condition (b) cannot of course be taken literally, 
since any molecular event must have some non-zero 
probability. In practice, what is meant is that the 
probability of forming a particle during one cell 
division cycle is much less than one. The genes 
themselves approximate this rule well enough to have 
allowed the construction of the science of genetics. 

Stable steady states could in principle be main- 
tained indefmitely in growing, well-mixed tubs of 
protoplasm which are never subdivided into smaller 
isolated regions. ‘The ‘hereditary’ character of un- 
stable steady states, on the other hand, depends 
completely on the fact that the cell has a finite size. 
Each cell division creates a certain possibility for the 
occurrence of occasional cells with a large disparity 
in the numbers or kinds of certain critical molecules, 
and one such fluctuation has occurred, its results being 
confined to the progeny of the cell in which it took 
place. The process is reminiscent of genetic drift or 
gene fixation; or, more properly, these phenomena 
are themselves examples of unstable steady states 
within a population rather than within a cell. 
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Another type of unstable state may explain some 
of the antigenic changes in Paramectum, for which 
Delbruck’s steady-state hypothesis was originally 
proposed. These are states which are not steady at 
all, but for which the change from one state to 
another is sufficiently slow to require many cell 
generations. The continuation of such states for a 
limited number of generations does not depend on 
finite cell size, and they cannot be perpetuated 
indefinitely even among fublines continually selected 
as bemg apparently in the original state. 


ALLAN CAMPBELL 
Department of Biology, 
University of Rochester, 
Rochester, New York. 
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Chromosome Numbers of Slugs 


CHROMOSOME numbers are becoming increasingly 
part of the taxonomic descriptions of animal and 
plant species. 

Very few figures are known for the slugs, the 
collective name given to members of the three 
families of almost shell-less pulmonate molluscs 
which occur in Britain. Some pulmonate species have 
been examined in. France and Switzerland by M. and 
J. L. Perrott’, and the comparison of their resulte 
with mine, given in Table 1, shows that the number of 
chromosomes is the same for British and Continental 
samples. No evidence has been found of chromosome 
races, a8 in. the populations of Sorex araneus studied 
by Ford et al.‘. 

Chromosome counts were made at the first meiotic 
prophase and metaphase stages of spermatogenesis, 
and also the mitotic metaphases found in ovotestes 
of mature or nearly mature animals. The ovotestis' 
was fixed in alcohol-acetic, teased to separate the 
cells, and stained and squashed in aceto-orcein. 

The taxonomic arrangement of this list is that of 
Quick®, containing the alteration of Limax arborum 
Bou. 
Muller; the name Lehmannia having been used 
generically by Malm in 1868. Cytotaxonomy fully 
supports the withdrawal of this species from the 
genus limax; a change made on the structure of the 
radula. Limax tenellus seems to correspond more 
closely with Lehmannia marginata in chromosome 
number than with the other three British species of 
Tamaz. Intrageneric variation in chromosome 
number in the genus Arion emphasizes the close 
relationship between A. ater L. and A. rufus L.; 
considered as subspecies by Cain and Williamson‘. 

Little or no variation has been found within the 
other genera, and the number of chromosomes cannot 
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-Chantereaux to Lehmannia marginata - 





Table 1 
Ohromosome number 
Family Genus Subgenus Author Present work Counts by 
Perrot and Perrot 
Teatacallidae Testacella Draparnaud n = 82 pe 
Arionidae Arion Micrarwn Normand n = 28 omnem 
Cartnarion Johnston n = 29 werna 
Kobeliia erussac n = 28 =i 
m Mesarion Draparnaud) n = 26 nn 
ATON 8.8. L.) n == 26 “ee 
L.) n = 26 

TAmaddae Milax gagales Draparnaud) n = 88 or 34 — 
sowerbit beats a= n amne 
gracilis y R = pen 

TAmax Malacolismnax tenellus n — H m 24 

Timar 5.5. ctnsreontger Wolf n == 81 A wm BL 

maximus L. n = 31 A ~ $1 

Timacus flavus L. n = $1 Mx: BL 

Agrioli Agriolt ae satis L.) pas 30 ses 
maz maz 8.5. A n= oe 
retioulaty (fren n = 80 n 
Malino laevis niler A = $0 one 
caruanaé Pollonera n = 80 amer 


* Collected in 


t Perrot, J. E, ER == 80 for A. agrestis, but probably refers to animals now included in 4, reticulatus, 


bə used to distinguish between morphologically 
rather similar species of, for example, Agriolimax. 
Testacela maugei Ferussac, T. scutulum Sowerby, 
and Geomalacus maculosus Allman, on the British 
list, are not included in Table 1, as no cytological 
analysis has been carried out. , 

I wish to thank Dr. M. Fischberg, especially, for 
his advice on this work, and E. A. Ellis and L. M., 
Cook for collections of animals. 


Guaian E. BEESON 
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An Apparatus for Panning in Cine 
Micrography 

In ciné micrography it has not been possible to 
vary the viewpoint or introduce variety by devices 
equivalent to ‘panning’ or ‘tracking’ in ordinary ciné 
photography. This limitation makes it difficult to 
show some aspects of a microscopical field which 
demand the use of & moving stage. 

The movement of the usual rack and pinion of the 
mechanical stage of a microscope, when enlarged 
300—400 times on the film before projection, is sgo 
regular owing to the backlash and the tremor of 
the operator’s hand and the need for changing the 

ip that it is quite unacceptable. 

Sr After a number of attempts, a successful apparatus 
has been made which combines the principles used 
in the De Fonbrune and the Singer micromanipu- 
lators. This gives smooth control of movement in 
both directions separately or combined. 

The arrangement consists of two pieces of alum- 
mium plate, the bottom one bolted by two easily 


detachable brass brackets to the microscope 
the upper one stuck to it with petroleum jelly. 

The lower plate has a central hole over the con- 
denser lens, and the upper plate has an excentrio 
opening which overlaps the condenser hole by about 
2 cm. When arranged ready for use, the upper plate 
projects for about 2 cm. beyond the lower, both to 
the left and forward. 

Two small syringes with metal plungers are 
mounted horizontally and at right angles to each 
other beside the stage. Slots cut in the heads of the 
plungers rest against the upper, moving plate. This 
gives both a certain grip and at the same time per- 
mits automatic re-arrangement of one syringe as the 
other is in use. Both syringes are carried at the 
correct height by metal rods on top of which are 
spring clips. The rod which provides anterior- 
posterior movement is placed off-centre to clear the 
beam of light from the lamp. A plastic or wooden 
base’ with stops for the foot of the stand is also 
required. The supporting rods are screwed to 
this. 

Each of the syringes is connected to another 
syringe by narrow rubber pressure tubing. Plastic 
tubing is too rigid in the wall and too springy to be 
a satisfactory alternative. The syringes on the free 
end of the rubber tubes are pressed to drive the 
stage. They need not be the same size as the others, 
but no advantage appeared to be derived from using 
smaller syringes as no gearing ratio was necessary 
in practice. 

In use, the slide to be filmed is placed on the upper 
sliding plate. The pair of syringes on the free ends 
of the tubing are held between the fingers of the left 
hand and their plungers compressed with the thumb ; 
ons alone, or both, may be used to give movements 
in two directions at right angles or diagonal move- 
ment. ‘The right hand is available for the normal 
controls of the microscope. 

No special return mechanism is provided. At the 
end of the run, the sliding plate is simply pushed 
back to the starting position. 


-W. H. Hueuas 
P. N. CARDEW 


St. Mary’s Hospital Medical School, 
London, W.2. 
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Position of the Gene determining the 
Diploid-like Meiotic Behaviour of Wheat 


Common wheat (Triticum aestivum 2n = 62 = 42) 
-has attained the hexaploid condition by the com- 
bmation of the full chromosome complements of the 
three diploid species Triticum monococoum, Aegilops 

} and Aegilops squarrosa’*, However, at 
melosis in T. aestivum, despite the close genetical and 
cytological relationships of its diploid ancestors, 
each chromosome pairs with its fully homologous 
partner and only bivalents are formed. There 1s no 
pairing between corresponding, homeologous, chrom- 
osomes derived from different diploid ancestors, 
although considerablé similarity m the genetical 
activities 6f homceologues still remains‘. 

Riley and Chapman’ showed that homcologous 
pairing was no longer precluded in the absence of a 
particular chromosome, the HH chromosome, from 
20-chromosome haploids and 40-chromosome nulli- 
somics of the variety Holdfast. Thus the control of 
the diploid-like, bivalent-forming, meiotic regime m 
wheat can be ascribed to a gene-system on this 
chromosome. 

Simultaneously, Sears and Okamoto! mterpreted 
the high incidence of meiotic pairing m hybrids 
betweén T. monococcum and T. aestivum variety 
Chinese Spring, deficient for chromosome V, to mean 
that the regular meiotic behaviour of wheat was due 
to the activity of this chromosome. 

The deficiency of the HH chromosome in nulli- 
somics of Holdfast, and of chromosome V ım nulh- 
somics of Chinese Spring, results in equrvalent 
modifications of external plant morphology. Also, 
both chromosomes are alike in structure, being 
among the largest in their respective complements, 
and having one arm more than twice the length of the 
other. Thus ıt seems likely that they are homologous, 
but for an understanding of the cytogenetic structure 
of wheat it is necessary to determine their exact 
relationships. 


For this purpose hybrids were made between 4l- 


chromosome plants of Holdfast, with tbe HH 
chromosome monosomic, and plants of Chinese Spring 
in which chromosome V was represented by a pair of 
telocentrics for the long arm and the other arm was 
completely deficient. At meiosis, the 41-chromosome 
hybrids, which had not received the unpaired HH 
chromosome from Holdfast, had 20 normal bivalents, 
and the telocentric of chromosome V, from Chinese 
Spring, was a univalent. Consequently, V and HH 
must be fully homologous chromosomes and investi- 
gation of the two varieties concerned has revealed the 
same genetic control of meiosis. 

Since the absence of chromosome V results in 
homosologous pairing, there ıs evidently no independ- 
ent control, on any other chromosome, capable of 
causing the meiotic isolation of chromosomes of the 
different baaic diploid sets. However, it might have 
been that the gene on chromosome V was part of a 
complementary , the removal of any part of 
which would result in the breakdown of the normal 
regulation of meiosis. To test this a series of 21 
wheat — rye hybrids was made in which hybrids were 
deficient, in turn, for each of the 21 chromosomes of 
wheat. The hybrids were produced by pollinating 
with rye (Secale cereale 2n = 14) the 21 lnes of 
Chinese Spring wheat which were monosomic for 
chromosomes I-XXI. Use was made of the 27- 
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Table 1. AMAAN CHROMOSOME PAIRING AT FIRST METAPHASE OF 
Muiosig IN NORMAL HYBRIDS oF T, aestivum x S. cereals AKD IX 
THE 21 HYBRIDS DEFICIENT, IN TURN FOR RACH WHEAT OHROMOROME 















0. 

I 0 = 

Ti 0: = 

ir 0: = 

IV 0- 0 01 

y 8- 0 88 

+ 00326 
VI 0 = sai 
VII 0: = = 
VITI 0- 0 01 a 
1x 0 = hes 
X 0- 0-01 = 
XI 0 ae) Zs 
Xx 0 2s er 
xmi 0- — aa 
XIV 0 = ss 
XV 0 = mn 
27 XVI 1 0-04 oe 
27 XVI 0 = ae 

27 XVI 0 = m 
27 XIX 0- m a 
27 XX 0 — Si 
27 XXI 0- = ae 





chromosome hybrids to which the chromosome 
which was unpaired in the monosomic wheat parent 
had not been transmitted. 

Riley, Chapman and Kimber’ have already shown 
that there is much higher pairing in wheat — rye 
hybrids, deficient in chromosome V, than im 
normal, euploid hybrids. The extra pairing results 
from homeologous associations within the wheat 
complement as well as from associations of wheat 
and rye chromosomes. It may, therefore, be expected 
that the absence from a wheat-—rye hybrid of any 
other wheat chromosome, carrying a gene similar in 
effect to that on chromosome V, would cause similarly 
altered meiotic parmg. 

First metaphase of meiosis was examined in 50 
pollen mother cells from each of at least two plants 
of every type of chromosome-deficient hybrid, as well 
as in six euploid hybrid controls (Table 1). Hybrids 
deficient for chromosome V had much higher pairing 
than euploid hybrids, and higher pairing than hybrids 
deficient for any other chromosome. The mean 


. number of trivalents in V-deficient hybrids exceeded 


the mean number of bivalents in most other lines, and 
the number of bivalents was more than three times 
greater in, the absence of V than in any other con- 
dition. There can be no doubt that the deficiency of 
chromosome V is unique in its effect on meiotic 
behaviour, for the differences among all the other, 
hybrids are of an order which may be ascribed to 
environmental effects. 

Thus the meiotic isolation of corresponding 
chromosomes of the different genomes of wheat is due 
to the activity of chromosome V alone. It has also 
been shown that this activity is due to the long arm 
of the chromosome’, but there is no evidence con- 
cerning the number of loci involved. 

However, the localization is consistent with the 
notion that a single mutant gene, having the observed 
effect on meiosis, was selected because of its influence 
on fertility and genetic stability, early in the develop- 
ment of polyploidy in Triticum. The selection of a 
single powerful, cytologically stabilizmg, mutant 
would bly be rapid and efficient. By con- 
trast, it is difficult to visualize the processes by which, 
as required by the discarded alternatave hypothesis, 


a system of complementary genes controlling the 
diploid-like meiosis could have evolved. This would 
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~ have required the independent selective incorporation 


of a number of mutually dependent genes, each of 

which was vital for the occurrence of regular meiotic 

behaviour with its attendant reproductive stability. 

Nevertheless, genes other than the one at the 

critical locus on chromosome V''must influence the 

meiotic behaviour of wheat, and some may modify 

in one direction or another the regular,- bivalent- 

forming, pattern Meiosis in wheat is, therefore, 

delicately balanced between excessive pairing leading 

to multivalent formation and genetic instability, and 

failure of pairing, leading to univalent formation and 

aneuploidy. This balance has made possible the 

simultaneous occurrence of pronounced genetical 

triplication with high fertility and stable inheritance. 
Raph Ruter 
Victor CHAPMAN 
GORDON KIMBER 
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Cambridge. 
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Experimentally Induced Inter-bivalent 
Redistribution of Chiasmata in Delphinium 


THe non-random distribution of chiasmata in 4 
bivalent due to the occurrence of interference is well 
known. It has been suggested by some authors 
that the inter-bivalent distribution of chiasmata 
may also not be independently determined. Correla- 
tion studies on chiasma frequencies have demon- 
strated competition for chiasmata between bivalents 
in some organisms but not in others,4. In the course 
of investigations on the cytogenetic effects of ionizing 
radiations on plants, we have been able to affect 
changes of chiasma frequency in one group of chromo- 
somes in the nucleus and observe the reaction of 
the other group to this experimentally mduced 
condition. 

Dry seeds of Delphinium ajacis variety ‘Comet’ 
were irradiated with an X-ray dose of 16,000 r. 
{50 kV.). The X, plants raised from these showed 
certain oytological characteristics which appeared 
to be of interest. Apart from gross structural changes 
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in the chromosomes of some of the plants which 
indicate interchange multiple associations, several 
others were characterized by disturbed chromosome 
pairing and chiasma frequencies. Observations on 
the control plants show that eight bivalents are 
regularly formed in most of their pollen mother-celis, 
a few of the cells showmg seven pairs and two 
univalents. Since two of the eight chromosome pairs 
are considerably larger than others, they can be 
easily identified, and they appear mostly as ring 
bivalents at metaphase with two terminal or sub- 
terminal chiasmata ; the remaining six smaller pairs 
appear in most pollen mother-cells as one ring, and 
five rods or all rods, each with a sub-terminal or 
nearly terminal chiasma. The two univalents 
whenever present are members of one of the smaller 
pairs of chromosomes. 

The plants from the seeds treated with radiation 
differ from the controls in having two or more 
univalents present in many of their pollen mother- 
cells. Both the large and the small group chromo- 
somes may appear as univalents, quite often in the 
same pollen mother-cell; their number varies from 
plant to plant as shown in Table 1. Also shown are 
observations on each of the 5 control and 9 X, 
plants with regard to the mean number of ring bival- 
ents found in their pollen mother-cells. The propor- 
tion of rmgs formed by the large and small chromo- 
somes respectively has been indicated separately. 

The results for X, plants have been arranged in an 
order which helps to emphasize the relationship 
that appears to exist between the frequencies of the 
large and the small ring bivalents. The resulta show 
clearly that as the frequency of ring bivalents formed 
by the large chromosomes is reduced due to their 
occurrence as univalents or rod bivalents, the 
frequency of such configurations formed by the smaller 
chromosomes is either increased significantly beyond 
the level in the contro] material, as in plants 4, 6 
and 11, or is maintained at a similar level, as in plants 
7, 8 and 9, in spite of the fact that a number of small 
chromosomes also appear as univalents. In some of 
these plants it is quite common to find pollen mother- 
cells in which the two large ring bivalents were 
replaced by a similar number of small ring bivalents. 
The only exception is provided by plant 12, in which 
the frequencies of both the large and the small rings 
are reduced. 

Although both chromosome pairing as well as 
chiasma formation and terminalization are known to 
be genotypically controlled, it is obvious that neither 


Table 1, MEAN FRHQUMNOINS OF UNIVALNNTS AND RING BIVALENTS IX THN CONTROL AND X, PLANTS 










oy of univalen Arean percentage chromosome pairs as : 
Plant No. No. of pollen Mean No. of univalonts Percentage of smail 
valents Large ring bivalents Small ring bivalents 
Controls (C) 
1 — -— 9-88 
2 — — 9 50 . 
3 — i 8:5040 = 7 48°40 955 
4 — m 5-50 : 
5 — — 6-50 
Treated (T) 
4 10-48 67 18 17-00) _ 
J1 8:33 80 -00 11:75 +7 m 14 25 + 1234 
6 2°40 1667 14-00 
12 8-14 77-28 8:57 
9 2-00 100-00 7 99 
8 2-00 100 00 7-50 
7 2 00 100-00 5-87 
18 2-40 $4°45 8-25 
10 2-00 100 -00 125 
T — Ü mD z 
tn D. OTT m 48i 
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Ethe occurrence of univalente nor the changes in 
chiasma frequency in the plants from X-irradiated 
seeds are genetically determined. Not only do the 
sinivalents occur in most of the X, plants but also 

mheir frequency shows great variation; and the 
smaller chromosomes, which outnumber the larger 

«ones, are affected more often as would be expected 
on & random basis. It may be supposed that the 
X-irradiation of seeds induces structural changes in a 

siumber of chromosomes at random, affecting their 

pairing at pachytene and formation of chiasmata. 

The re-distribution of chiasmate described above 

socours probably in those plants in which a number of 
smaller chromosomes have escaped damage. 

The non-random distribution of chiasmata, for 
which evidence has been presented here, emphasizes 
the co-ordination existing in the control of chiasma 
formation in different chromosomes in the nucleus. 
How this control is exercised is not very evident. 
The chromosome changes induced by radiation, 
which result in the re-distribution of chiasmata, 
also stress the evolutionary signifleance of spontane- 
ously occurring structural changes of chromosomes. 
Not only may many of these changes give rise to new 
variation by producing effects which simulate 
point mutations, but also they may release latent 
variability through re-distribution of points of cross- 
ing-over. The importance of such re-distribution 
resulting from a different kind of agency, in relation 
to natural selection, has been discussed by Mather 
and Harrison‘. 

We are grateful to Dr. B. P. Pal and Dr. A. B. 
Joshi for their interest and encouragement. Thanks 
are also due to Dr. M. 8. Swaminathan for discussing 
the results with us. 


H. K. JAIN 
A. K. Boss 
Division of Botany, 
Indian Agricultural Research Institute, 
New Delhi. 


1 Mather, K., Proc. Roy. Soc., 120, 208 (1036), 

* Prakken, R., Hereditas, 20, 475 (1948). 

* Rees, H., Heredily, 9, 98 (1055). 

t Mather, K., and Harrison, B. J., Heredity, 3, 1 (1949). 


VIROLOGY 


Somatic Antigen I5 as a Precursor of 
Antigen 34 in Salmonella 
PHAGE s*4 is a temperate phage produced by 
group E, Salmonellas with O antigens (3), (15), 34 
and capable of converting group E, Salmonella (O 
antigens 3, 15) to group E, Salmonella (O antigens 
(3), (15), 34) by lysogenization!*. The formation of 
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antigen 34 is accompanied by partial loss of antigens 
8 and 155, suggesting a close relationship between 
antigens 34 and 3 or 15. The experimente described 
here indicate that antigen 15 is a precursor of antigen 
34. 

Group E, Salmonellae with O antigens 3, 10 do not 
adsorb phage s**t, However, the possibility of infecting 
group FE, cells directly with phage e* is suggested by 
the experiments of Uetake, Luria and Burrous’. 
They reported that when Salmonella anatum (group 
H, O antigens 3, 10) is mfeoted with phage s", 
antigen 15 and receptors for phage e* appear within a 
few minutes, the cells which survive infection segre- 
gate phage-carrier and non-carrier cells in their 
progeny, and in the non-carrier segregants the 
changes in antigenic structure and in phage receptors 
initiated by phage infection persist for several 
generations. Therefore, if the non-carrier progenies 
with receptors for «“ are infected with «™, S. anatum 
might probably be lysogenized with ¢** without 
carrying e15. This proved true in the following 
experiments. 

Cells of S. anatum were infected with phage ec at a 
multiplicity of 3-6, and progenies of the cells, which 
survived infection with «%, were infected with 
another phage «*4 3 hr. after e™-infection, at which 
time about 90 per cent of cells were not carrymg e. 
Approximately 87 per cent of cells survived infection 
with e74, Among the survivors, 82 per cant proved to 
produce «4, but most of them not to produce e" by 
replica plating’.”. By agglutination and absorption 
teste these c**-producing cells (= A(e™*)) proved to 
possess somatic antigen 3, 10, the same structure as 
that of S. anatum. Most important is that they do not 
possess antigen 34. They are sensitive to phage «** 
and its mutants, while they adsorb neither phage «** 
nor its mutants, being similar to S. anatum. The only 
difference from S. anatum is in resistance to phage 
Osi, to which S. anatum is sensitive, although 
A(s**) cells still adsorb phage O,,, at an adsorption- 
rate constant of 3:1 x 10-* ml. per min. (Table 1). 
When A(s") cells were infected with c, both 
antigens 15 and 34 appeared within several minutes 
in infected cells. 

Among the above, most remarkable are the findings 
that A(e*) cells do not form antigen 34 irrespective of 
presence of prophage s™, which always leads to the 
formation of antigen 34 when it infects 3, 15 cells of 
group E, and that antigen 34 appears when A(e**) 
cells form antigen 15 by infection with phage eë. - 
These observations, together with Nakagawa’s find- 
ingë mentioned above, indicate that the formation of 
antigen 15, at least partially, ia @ necessary pre- 
requisite for the formation of antigen 34. Antigen 3 
is also partially lost when 3, 15 cells are converted to 
(3), (15), 34 by lysogenization with e"; but it does 
not seem to be necessary for the formation of antigen 


Table 1 






Bactenal strain 
Afet) + + + 
A + + + 
ae = — 5 
Ale, g) — — _ 


Senaltivity to phage (/ml.) 


yir O antigens 
10 107 10! 
= Ai she 8, 10 
me an be 3, 10 
= + + 3, 15 
= i | ($), (15), 84 





Phage senaltivity was examined b 


spot test. 
+, lyss 


—, no lysis; (+), abnormal lysis. 


s is a mutant of s1. As to the phages Cai, and svir, refer to Uetake ef al fief. 6). 
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34, since antigen 3 of S. anatum is identical with that 
of group E, cells or of A(e*) cells but there is neither 
formation of antigen 34 nor loss of antigen 3 in 
A(e*), 

Hisao UETAKE 
SHIN HAGIWARA 


Department of Microbiology, 

Sapporo Medical College, 

Sapporo. è 

1 Uetake, H., Proc. Intern. Genetics Symposla, Tokyo, 645 (1956). 
t Vetake, H., Nieshin-Igaku, 44, 66 (1957) (in Japanese). 
1? Harada, K., Virus, 6, 285, 800 (1956) (in Japanese). 
‘Nakagawa, A., Jap, J. Bacteriol., 12, 47, 107 (1957) (in Japanese), 
‘Nakagawa, A., Jap. J. Bacteriol., 14, 603 (1950) (in Japanese). 
' Uetake, H., Luria, S. E., and Burrous, J. W., Vtrol., 5, 68 (1968). 
? Hagiwara, 8, J. Virol. (m the press) (in Japanese). 


Virus Release from Single Cells of Mouse 
' Parotid Tumours 


In vitro studies have shown that cells from polyoma- 
induced mouse tumours m mass culture can release 
virus, and that the release can vary in different 
tumours!*, One of the factors reaponsible for this 
difference in release is the proportion of virus-releasing 
cells as measured by plating the tumour cells on 
mouse embryo monolayers, and determining the 
relationship between the number of tumour cells 
plated and the number of plaques’. The present 
communication is concerned with a study on single 
cells from mouse parotid tumours grown in micro- 
drops, in order to obtain information on: (a) the 
proportion of cells releasing virus by plating in micro- 
drops, and (b) the virus release per cell. 

The parotid tumours were induced by inooulation 
of polyoma virus into 2- or 3-day old mice, and the 
tumour cells were dispersed by trypsinization with a 
0-25 per cent trypsin solution (trypsin 1-300). Virus 
release per cell was tested either by seeding the cells 
directly in microdrops, or by seeding m microdrops 
cells that had been in mass culture. In all cases, the 
medium consisted of 0 5 per cent lactalbumin hydro- 
lysate in Harle’s saline and 20 per cent horse serum. 

Cell suspensions were diluted in medium to about 
10? cells in a 50-mm. Petri dish, and these were then 
used for the single cell seedings. The single cells were 
distributed freehand in microdrops with micropipettes 
under a dissecting microscope in an enclosed box, 
maintained at 37° C., with a humidified atmosphere 
containing 10 per cent carbon dioxide. The micro- 
drops were made in 60-mm. Petri dishes under silicone 
fluid (Dow “Corning 200°)’, and the Petri dishes with 
microdrops were kept in an incubator with a humidi- 
fled atmosphere containing 10 per cent carbon dioxide. 
The presence of only a single cell m each microdrop 
was checked by observation with an inverted phase- 
contrast microscope. 

For collecting the samples, each drop was sucked 
up with a micropipette, and the cell was then washed 
twice with new medium. The complete sample per 
cell thus consisted of three drops, which were added 
to 0 2 ml. of medium. The samples did not include 
cell-associated virus. When cells were tested after 
they had been in mass culture (5 x 105 cells seeded 
in a 60-mm. Petri dish) the cultures were washed twice 
with medium and the cells removed from the glass by 
trypsinization with a 0:25 per cent trypsin solution 
for 10 min. at 37° C. Not all the cells came off the 
glass by this procedure, and only those that were 
detached after 10 min. trypsinization were used for 
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the microdrops. The samples collected from th 
single cells were tested for plaque-forming units omų 
mouse embryo monolayers as described previously” 
The number of plaque-forming units was read at 1 
days after inoculation of the monolayers, and in th 
case of MP12 again at 16 days. 

The proportion of single cells, from 6 paroti: 
tumours, releasing virus under these conditions wam 
shown in Table 1. Cells from two of these tumour 
were tested without previous mass culture, and th 
samples were taken at periods of 28-80 hr. afte 
seeding the single cells. The highest proportion o 
releasing cells, 9/19, was found in tumour MP2™ 
and this tumour had also given the highest releas» 
by cells in mass culture (hemagglutination titre o 
2,048 per ml. on the day equivalent to that used fo 
sampling from microdrops). In the other five tumours: 
virus release was detected in only 3 out of 172 cell 
tested. None of the single tumour cells was seen tı 
divide under these conditions. 


Table 1. PROPORTION OF SINGLE ORLIS FROM NIX MOUSE PAROTDar 


TUMOURS RELMASIXG VIRUS IN MIGRODROPS 


86 and 72 
86 and 72 





Total No. of calls tested, 191; total No, of cells releasing yırus, 12 


The number of plaque-forming unite released per» 
cell in tumour MP2 during a 28-hr. release period is 
shown in Table 2. The release varied from 0 to Om 
plaque-forming units per cell with an average of & 
for the virus-releasing cells. This figure is similar to 
that reported for the Rous chicken sarcoma’, andi 
whether parotid tumour cells have a regular release 
per day is now being tested. The release from the 
other 3 positive cells (Table 1) in 3 other tumours 
were 17 plaque-forming units in MP4, 4 in AIP12, 
and 2 in MP13. 


Table 2. VIRUS RHLEASH FROH SINGLA OFLLS IN MICRODROFS DURIN( 


A 28-HR, PERIOD 
No. of plaque-forming 
iita nae bell 0 2 2 8 4 6 6 7 8 8 
No, of cells 10 0 1 


No. of cells releasing yiia; 9/19, average Telease of vilus releasing: 
cells, 5 plaque-forming units 


The above results provide further mformation on 
the existence of a difference in virus release from differ- 
ent tumours, and they also show that under the 
conditions of these tests in microdrops, single cells 
from polyoma-induced parotid tumours have at most 
only a low virus release per day. 

_We are indebted to the David Josephine and 
Winfield Baird Foundation for a grant in support 
of this work. 

MATHILDE Krim 
Leo SACHS 
Department of Experimental Biology, 
Weizmann Institute of Science, 
Rehovoth, sane 
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THE BALANCE OF FUNDAMENTAL AND APPLIED RESEARCH 


HE ninth annual report of the (U.8.) National 

Science Foundation (see p. 362 of this issue) is the 
first to appear since the appointment of Lord Hailsham 
as Minister for Science; and although there is no 
institution in the United Kingdom which corresponds 
to the Foundation, it may be taken for granted that 
Lord Hailsham is likely to consider very carefully 
activities on which, in two yeacs, the United States 
has increased its expenditure from some 40 million 
dollars to nearly 140 million dollars. Some of this 
work is parallel with that of the Department of 
Scientific and Industrial Research in Great Britain ; 
but the latter’s expenditure of £500,000 in research 
grants and approaching £1 million on studentships 
and fellowships looks small against the National 
Science Foundation’s awards of some 46 million 
dollars in grants for fundamental research, with 
nearly 16 million dollars more for research facilities 
and 13 million dollars in graduate fellowships. 
Moreover, it 1s clear from the foreword of ita chairman, 
Dr. Deflev Bronk, that the Foundation is tending to 
assume functions that the University Grants Com- 
mittee discharges in Britain and that, like that 
Committee, it is succeeding notably in strengthen- 
ing the universities in their true functions of 
research and teaching without encroaching on their 
freedom. 

Nor ig this the only contribution to education which 
the National Science Foundation is making. It was 
already concerned with the quality and the extent 
of scienee teaching in the schools and in the univer- 
sities of the United States before the National Defense 
Education Act of 1958- widened its responsibilities 
in ‘this field, and m three years its expenditure for 
such purposes has more than trebled. On a much 
greater scale than the Department of Scientific and 
Industrial Research in Britain, it is concerned with 
the dissemination of scientific information, and the 
current report attests not so much the magnitude 
of the resources which are made available for such 
purposes in the United States as the vision and vigour 
with which these purposes are pursued by the National 
Science Foundation. 

Probably to the British reader, however, the most 
suggestive part of the report is that which, following 
the stimulating statement of the director, Dr. A. T. 
Waterman, surveys the re-appraisal and re-organiza- 
tion of the status of science in the United States 
during 1958-59. In that section, asin Dr. Waterman’s 
statement, the essential factors which determine the 
resources available for research and development 
and condition their deployment are shown, and it is 
possible to distinguish how far the institutions 
devised for one particular set of national circumstances 
react on those performing other functions. The 
National Science Foundation is an institution peculiar 
to the United States, and the fact that it performs 
certain functions, such as the award of fellowships or 


research. AE or the administration of science 
fellowships for the North Atlantic Treaty Organiza- 
tion which in Britain are executed by the Department 
of Scientific and Industrial Research or the University 
Grants Committee, does not imply that either of 
these bodies should necessarily be modified on the 
model of the National Science Foundation. It does, 
however, suggest that the comparative scale or scope 
of operations might be studied. 

Dr. Bronk stresses particularly the way in which, 
during the past ten years, the support of science has 
become generally recognized in the United States as a 
proper and necessary function of the Federal Govern- 
ment. This is attested by the increase, in that period, 
of the budget of the National Science Foundation 
from 3-5 to 155 million dollars, while at the same 
time the universities have been receiving more 
assistance than ever from individuals, private 
foundations and industry. If Dr. Bronk’s assumption 
that the Foundation has stimulated this mcreased and 
more widespread support of science is sound, it 
may be worth while for the Minister for Science in 
Great Britain to consider rather closely exactly how 
the Foundation functions, more particularly since it 
is incontestable that the Foundation has notably 
succeeded in strengthening American universities 
without in any way encroaching on their prerogatives 
or deflecting their policies. 

Dr. A. T. Waterman’s statement, however, is 
designed to discourage any facile optimism. Science, 
he observes, is increasingly an instrument of both 
national and international policy, and for all that 
has been done, there is still in the United States an 
alarming dearth of trained teachers, especially for 
secondary schools, and no prospect that the requisite 
number will be forthcoming. Indeed, he suggests 
that the United States has not yet come to grips with 
the major problem; and his further comment that 
the cultivation and staffing of a professional group 
can be realized adequately only if the career is a 
rewarding one from the point of view of salary, 
prospects and prestige, as well as-the deeper satis- 


factions that go with the opportunity to serve, is. 


one that bears vitally on the recommendations of 
the Crowther Report. It is above all the supply of 
trained teachers that determines the practicability 
of raising the school-leaving age, and when full weight 
is given to the argument of the Crowther Committee 
in regard to timing, the urgency and priority lie on 
increasing the number of teachers. 

Dr. Waterman makes a further comment on the 
man-power situation. In spite of the surveys made 


“by the Advisory Council on Scientific Policy’s 


Standing Committee on Scientific Man-power, the 
studies of the National Science Foundation provide 
the United States with considerably fuller information 
about the situation in the United States than is 
available about the position in Great Britain. About 


er 


tf 
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a quarter of American scientists and engineers are 
engaged in research and development, and Dr. 
Waterman points out that this pool of talent is the 
limiting factor in the national research and develop- 
ment effort, and its competence determines the 
effectiveness of the nation’s undertakings. Ite size 
and quality, moreover, are only increased or improved 
as a result of long-term operations, and there are 
definite limits to the extent to which the special 
skills and the fields that will be important im the 
future can be forecast. 

This last is a factor to be weighed when considering 
whether or not to embark on new fields such as that 
of space research, and Dr. Waterman is emphatic 
as to the need for carefully selecting the flelds of 
research, particularly in applied science, in which 
even a nation with such immense resources as those 
of the United States can wisely engage. He regards 
the establishment of priorities, particularly in flelds 
involving highly expensive equipment or installations, 
as fundamentally a matter for Government; and it 
was for this purpose that the Federal Council on 
Science and Technology was recently established. 
The functions of that body correspond broadly with 
those of the Advisory Council on Scientific Policy in 
Britain, and it should be a first objective of the 
Mimster for Science to see that the Advisory Council 
is effectively placed to co-ordinate the interests and 
responsibilities of the various Government bodies 
with research and development programmes, to 
identify research needs and to advise him on. the more 
effective utilization of our scientific and technological 
resources and the planning and administration of the 
programmes needed. 


What stands out particularly from the report of © 


the National Science Foundation us the way in which 
the educational and research aspecte are interlocked 
and co-ordinated policies are now being concerted. 
Dr. Waterman, for example, advocates @ man-power 
policy which endeavours to identify talented students 
in order to ensure that those with aptitude for science 
and engineering receive the appropriate professional 
training, more especially m fundamental science. The 
close relation between teaching and research leads 
him to emphasize the economic lhmits on research, 
and the way in which fundamental research, on which 
the United States is spending only some 8 per cent 
of its total expenditure of 10,000 million dollars on 
research and development, is the main limiting factor 
on development. Dr. Waterman makes the further 
observation, which also Lord Hailsham should note, 
that faulure to provide full support may seriously 
impair the effectiveness of a project. 

Dr. Waterman’s main argument is for more generous 
support of fundamental research in the United States 
and for a more careful serutiny of the effort devoted 
to applied research. The question of priorities is 
equally important in Britain, though it may well be 
that it is the effort in applied research that should be 
increased. Be that as it may, it 1s as essential as 
ın the United States that the programme that is 
evolved should be supported by an informed body of 
public opinion, and that the resources placed at its 
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disposal should be adequate m the first instance and 
not liable to be curtailed from year to year. 

This will become the more important if there is any 
considerable extension of the system of research 
institutes, to which Sir Harry Melville referred in an 
address on scientific research in British universities 
given at Newcastle upon Tyne on September 22. 
At present the system is limited to nuclear physics, 
where the Department of Scientific and Industrial 
Research has been financing in some six universities 
the construction and largely the maintenance of 
particle accelerators which are now housed, main- 
tained and operated in a central institute or institutes 
for the benefit of more than one university, so as to 
facilitate economic operation, as has been done at the 
European Organization for Nuclear Research in” 
Geneva. Similarly, the National Institute for 
Research in Nuclear Science, where a proton syn- 
chrotron of an energy of 7 GeV. is under construction, 
hag not a wholly permanent staff, and its work derives 
inspiration from the university staff who work there. 

Much has still to be done to work out the most 
satisfactory arrangements for such institutes, but 
Sir Harry Melville stated that about 27 per cent of 
university expenditure on research in the United 
States is used in this way, and that experiemce has 
established definite benefit to the universities from 
such an association. The mounting costs of research 
equipment may well encourage similar developments 
in other fields, and it is as desirable that the implica- 
tions, administrative as well as financial, of such a 
system of special institutes in association with the 
universities should be fully examined before some 
urgent problem leads to the establishment of pro- 
cedures that are unsound. The report “Strengthening 
American Science”, issued in December 1958 by the 
President’s Sciance Advisory Committee (see Nature, 
183, 1215; 1959) showed that this and other problems 
of financing university research and the relations 
between Government and universities are receiving 
close attention in the United States by minds as 
sensitive to the essential issues as are the University 
Grants Committee and the Advisory Council ‘on 
Scientific Policy in Britain. 

On the balance of scientific research, the National 
Science Foundation indicates some important develop- 
ments. The Foundation has now assumed responsi- 
bility for research on the modification of weather, 
and in March 1959 announced grants for this purpose 
totalling 1-13 million dollars. At the same time it 
announced the establishment of an Antarctic Research 
Programme to continue scientific activity based 
largely on certain programmes of the International 
Geophysical Year. There have also been calls from 
the scientific community for increased effort in 
particular critical fields. For example, a group on 
medical research has urged systematic increase in 
Federal support for medical research from 330 
million dollars in 1957 to about 900 million dollars 
ın 1970, with at least a doubling of the number of 
research workers. A Committee on Oceanography 
has recommended doubling the support of fanda- 
mental research in the marme sciences during the 
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next ten years at a cost of a further 650 million dollars, . 


about half of this coming through the National 
Science Foundation. A report on atmospheric 
research envisaged an institute established and 
operated by a university committee and financed 
through the National Science Foundation at a 
capital and operating cost over six years of some 
70 million dollars, as well as further encouragement 
and support of research in atmospheric physics in 
existing university departments. President Eisen- 
hower, moreover, has already recommended the 
financing by the Federal Government of the con- 
struction of a large new electron linear accelerator 
over six years at a cost of some 100 million dollars. 
The statement also recommended further support of 
“research in high-energy physics by the Atomic 
Energy Commission, the National Science Foundation 
and the Department of Defense, and that support 
for the construction and operation of high-energy 
accelerators should be increased to 135 million dollars 
by 1963. 
it is not only the scale of effort in the United States 
that is changing. The Federal organization to meet 
the scientific needs of the nation is more fluid, and 
proposals have been made for the creation of depart- 
ments gf science and technology or of science, and 
for a commission to examine such proposals. It 
appears, however, that such measures as the estab- 
hshment of the Federal Council for Science and 
Technology and the appointment of Dr. W. R. 
Brode as science advisor to the Secretary of State, 
following the earlier appointment of a Special 
Assistant for Science and Technology to the President 
himself, have largely provided what is needed to 
support the National Science Foundation, and 
these arrangements should be given full opportunity 
to function before decisions are taken as to the need 
for, or value of, some further centralized agency. 
Dr. Brode has already expressed deep concern, with 
these questions of organization, but while he is 
obviously not entirely satisfied that the recent changes 
provide all that the United States needs, he seems 
disposed to advocate further study of the organization 
of science and scientific policy rather than immediate 
action. 
' The two points in the work of the National Science 
Foundation that appear to deserve most careful 
attention in Britain are the work being done to 
extend and improve the quality of education in 


acience and technology, and the means by which the | 
balance of research ig fostered or varied. On the. 


first, it is not the scale of educational ‘effort that 
should be noted: Sir Harry Melville has forecast 
expenditure by the Department of Scientific. and 
Industriel Research on studentships and fellowships 
of £4 million or more in a few years, probably on some 
3,000 awards, or 30-40 per cent of the present total 
number of research students in the universities, with 
a further £1-2 million on research grants. It is rather 
the other measures adopted by the Foundation to 
assist teachers of science and technology to improve 
their standard of teaching, to agsist the schools to 
improve their equipment and particularly to make the 
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studies of new techniques and methods of presenta- 
tion, which could make even the existing supply of 
teachers more effective. 

Here very little has yet been done. The National 
Science Foundation obviously bas a considerable 
advantage in being able to undertake such studies 
side by side with its efforts to assist studente to 
take up courses in science and technology and to 
undertake research ; but jhe Minister for Science is 
well able to deal with the situation on appropriate 
lines in Britain. He has the authority to secure 
whatever co-ordination may be desirable between 
the work of the Agricultural Research Council, the 
Medical Research Council, the Overseas Research 
Council and the Department of Scientific and Indus- 
trial Research m such matters as the award of 
research grants, fellowships or studentships. Further, 
he would seem to be the most appropriate person to 
explore the possibility of increagmg co-operation with 
industry and elsewhere. 

Very groat stress was laid on this by Sir Harry 
Melville from two points of view. First, Sm Harry 
emphasized the importance of increasing support 
for the universities of Britain from other sources e0 as 
to prevent their dependence on financial support 
from the State becoming overwhelming. At the 
same time, he is convinced that in carrying the main 
responsibility for fundamental research, the univer- 
sities should also be responsible for seeing to its 
balance and the closing of any gaps that may occur. 
Secondly, he urged that multiple sources of support 
provided an insurance against mistaken, decisions 
and the refusal of support to a worthy project. 
The soundness of that view is to be seen to some 
extent in the existence of differing opinions as to 
the importance and value of space research, and it 
might become more important as efforts are made to 
extend the amount of applied research undertaken in 
Britain. 

Mr. Aubrey Jones, former Minister of Supply, has 
frankly advocated the establishment of a Minister 
for Technology rather than a Minister for Science, and 


rests his argument largely on the prospective reduc- . 


tion of defence expenditure relative to national 
income. He does not believe that, with defence 
expenditure little more than 7 per cent-of the national 
income and the defence scientific effort approaching 
50 per cent of the total scientific effort of Britain, 
the rate of technological advance is likely to be 
maintained. While he thinks that the economic burden 
of armamenta is exaggerated, he suggesta that a 
prime responsibility of the Minister for Science is to 
find a substitute for the technological role taken by 
armaments in a free society. 

If this contention is sound, clearly the Defence 
Research Policy Committee and the Advisory 
Committee on Scientific Policy may require to work 
much more closely together. Here again it would 
seem that the Minister for Science is best placed to 
supply the necessary guidance and to deal with 
those factors, such as excessive secrecy and depart- 
mentation, which may hinder the free exchange of 
views and information. The problem of communica- 
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tion indeed requires to be attacked with far more 
energy, vision and urgency than is apparent in recent 
references to it in reports from the Advisory Counoul. 
There is indeed much to be done to prepare the way 
for the difficult decisions that cannot long be post- 
poned regarding tho balance of research effort, both 
fundamental and applied, in Britain; and the 
deployment of our trained man-power in defence, 
industry, teaching and elsewhere, and the measures 
to be taken to ensure that the supply is adequate in 
quality and in numbers. The National Science 
Foundation’s report, although prepared mainly for 
American readers, indicates numerous points calling 
for fresh thought and even inquiry m Britain, and 
it is to be hoped that it will be carefully studied by 
the Minister for Science and his advisors, the Parha- 
mentary and Scientific Committee and professional 
associations of scientists and technologists, who 
are able to assist in forming that intelligent public 
opinion required to sustain public policy. 


APPLIED RADIATION CHEMISTRY 


Chemische Reaktionen lonisierender Strahlen 
(Radiation Chemistry) 

Herausgegeben von Prof. Hermann Mohler. Pp. 299. 

(Aarau und Frankfurt am Main: Verlag H. R. 

Sauerlander und Co., 1958.) 30.80 D.M. 


SIGNIFICANT diminution in the cost of atomic 

power could be achieved if the energy at present 
‘lost’ as radiation were used to achieve large-scale 
chemical production or processing. In many countries, 
private and government laboratories exist to explore 
the possibilities of applied radiation chemistry, and 
already a number of processes have been, or are 
being, used commercially. Hitherto the use of 
radiation in the chemical industry has been very 
small, primarily because radiation merely generates 
in chemical systems reactive species such as ions and/ 
or free radicals which in most cases can be produced 
in & more controlled manner by more conventional 
chemical means. This fact and certain inherent 
disadvantages in the use of radiation are likely to 
limit its successful application to fields where chemical 
methods are either non-existent or very difficult to 
apply. The book under review has been written in the 
belief that the time has now come when the chemical 
technologist should know something of the principles 
and applications of radiation chemistry. 

The book originated in a course of lectures in the 
University of Basle m 1956, and some of the authors 
contributing to this book took part as lecturers. 
After a brief definition of the subject, the first half of 
the book is concerned with a discussion of the neces- 
sary background knowledge of radioactivity, followed 
by an account of radiation sources (parts of which 
read like a technical sales brochure) and dosimetry, 
with a minor chemical digression (pages 54-68) in 
which a sketchy account of some radiation chemical 
mechanisms is given. The latter part of the book 
deals with the interaction of radiation and matter 
and presents somewhat cursory accounts of selected 
radiation-induced reactions in solid, liquid and 
gaseous phases, and concludes with two chapters, 
rather surprisingly in English, entitled “The Effects 
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of Atomic Radiation on Polymers” and ‘‘Radiation- 
induced Reactions of Potential Industrial Impor- 
tanco”, 

The book displays several of the disadvantages of 
composite authorship. For example, in the whole of 
the last chapter the phrase ‘radiochemical reaction’ is 
given a meaning quite different from that commonly 
accepted and from that carefully specified by the 
editor and writer of the introduction. Again, there is a 
great unevenness in level of treatment ; the chapter 
on polymers, though by an expert, is almost at the 
level of popular science exposition, whereas that on 
dosimetry is a good deal more profound. These 
defects are minor in comparison with several distorted 
and often erroneous notions about radiation chemistry 
which the book contains. The stated origin of the 
hydroxyl radicals in radiated water (p. 63), the 
mechanism of formation of H,Q+ on elestron 
impact on water vapour (Table 4-08, p. 194), and the 
mechanism of the reduction of ceric ions (p. 163), all 
contain inexcusable errors which are not printing 
slips. The complete omission of ion-molecule reactions 
and the inadequate treatment of the competition 
between diffusion and combination of radicals, both 
matters of central importance, are serious deficiencies. 
When. one reads phrases such as the following about 
the oxidation of sulphur dioxide by oxygen in aqueous 
solution, ‘“‘Attention will have to be given to the 
effect of trace metals, for example, iron andecopper, 
on the reaction” (p. 251), or ‘There is no published 
information to indicate to what extent chain 
reactions play a part’’ (p. 249), one marvels how the 
author of this chapter can have overlooked the 
classical works of Bickstrom and others. Any 
chemist or chemical technologist using the Fricke 
dosimeter to determine doses or dose-rate who uses 
the G values for this system given on pages 156 and 
161 must be content with values which will be 6-7 
per cent too high. 

Apart from the dropping of an ‘h’ from Shrivenham, 
the book is well printed and produced. 

F. 8. Danvron 


THE THEORY OF DAMS 


The Theory of Storage 

By Prof. P. A. P. Moran. (Methuen’s Monographs 
on Applied Probability and Statistics.) Pp. I11. 
(London: Methuen and Co., Lid.; New York: 
John Wiley and Sons, Ince., 1959.) 138. 6d. net. 


ANY of the individual problems of applied 

probability have a very respectable antiquity ; 
thus queueing theory began with Erlang in 1908, 
what we now call birth-and-death processes were first 
studied by Galton and Watson in 1873, and the use 
of probabilistic models in physics and astronomy 
can be traced back to much earlier dates than these. 
But ıt was not (in Great Britain at least) until just 
after the Second World War that the full range of 
possibilities was widely recognized ; during the past 
fifteen years the subject of applied probability has 
grown, to such an extent that it now rivals in import- 
ance its elder sister, the statistics of experimentation. 
That the publishers of this new series of monographs 
recognize this fact is clearly shown by the general title 
which they have given to the series, by the individual 
titles of the five volumes so fer announced (only 
one of these is concerned with statistics as ordinarily 
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understood), and by their happy choice of Prof. M. 8. 
Bartlett as general editor of the series. 

In the monograph reviewed here Prof. P. A. P. 
Moran of the Australian National University, Can- 
berra, writes on the theory of storage systems in 
which either the input or the output is of stochastic 
character. Most is given to problems of the 
first type (“The Theory of Dams”); here a random 
input of water feeds a reservoir or a system of reser- 
voirs subject to overflow and release rules of various 
types, and one is interested both in the conditions for 
statistical equilibrium and the statistical distributions 
which characterize it, and also in transient phenomena 
such as the risk that the reservoir will run dry within 
& given time period when the initial conditions are 
known. This is a very recent branch of applied 
probability, and can be said to be Prof. Moran’s 
peculiar creation, for apart from some exceedingly 
interesting pioneer work by Hurst practically all 
the mathematical papers devoted to the subject have 
been written by Moran himself or by those influenced 
by him. The programme of research opened up by 
Moran in 1954 is still very far from complete ; much 
more remains to be done on systems with a (random) 
continuous input, very little is known yet about the 
behaviour of networks of reservoirs, and a satisfactory 
treatment of correlated inputs is still lacking (as it is 
also in queueing theory, although recent work by 
Degna, Winsten, and Wishart has shown that 
significant progress can be made if the problem is 
suitably formulated). Those familiar with the earlier 
literature will be very grateful to the author for this 
timely survey of what has been done and of what 
remains to be done; others will be equally grateful 
for the possibility which this book offers them of 
joining in a very active programme of research. 

D. Q. KENDALL 


QUANTUM EFFECTS ON A 
MACROSCOPIC SCALE 


Liquid Helium 

By Prof. K. R. Atkins. (Cambridge Monographs on 
Physics.) Pp. x+812. (Cambridge: At the Univer- 
sity Press, 1959.) 60s. net. 


HE strange behaviour of liquid helium at low 
temperatures has been the subject of much work 
and thinking for some time. Ever since Kamerlingh 
Onnes succeeded in liquefying helium some fifty 
years ago, work has been going on with this single 
substance ; more and more new phenomena have bean 
discovered and a new fleld of experiments and theory 
has been established. At first, the difficult techniques 
for obtaining the necessary low temperatures meant 
that the work was concentrated in a few laboratories 
which became famous in this field. With the more 
recent methods these low temperatures are easier to 
obtain, and much work is going on in many places 
all over the world. The subject is still in rapid 
development. A new monograph which tries to 
select the essential features in such a vast field of 
experiments and theoretical thinking is very welcome. 
At the same time, it is a somewhat bold enterprise to 
write @ monograph on such a rapidly progressing 
subject. A few points-were already out of date by the 
time that the book was printed. 
The wide variety of strange phenomena connected 
with liquid helium led slowly towards a pattern of 
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basic facts. Some of these are by now essentially 
understood, others are not, and many more are per- 
haps still to be discovered. Theoretical ideas and 
experimental discoveries proceeded hand in hand in 
a fruitful co-operation. There are many striking 
examples of this interaction between theory and 
experiment. The concept of elementary excitations 
which move around in the superfluid background was 
introduced by Landau and is essential for the under- 
standing of many properties of liquid helium. These 
excitations, phonons and rotons, characterize the 
low-lying excited states of the system. Landau’s 
predictions about the excitation spectrum have been 
recently confirmed by neutron-scattermg experi- 
ments. The elementary excitations form the ‘normal 
component’ of the liquid, which together with the 
superfluid component leads to a ‘two-fluid’ theory 
from which many features of the hydrodynamic and 
thermal behaviour of liquid helium can be understood. 
Other features which are less well understood are 
related to the formation of vortices. 
the ideas of Onsager and Feynman, th 
these vortices has quantized values, a prediction 
which has found experimental verification in the past 
few years. 

Quantum properties play an important part in the 
whole behaviour of liquid helium, and some mani- 
festations of these are on a macroscopic scale. The 
Bose statistica obeyed by the helium-4 atoms seems 
also to be essential for the superfluid behaviour of 
helium. The helium-3 isotope which obeys Fermi 
statistics does not show superfluidity. Though many 
features of liquid helium are understood, much 
progress is still needed in a detailed theoretical 
description. The phenomena are related to the 
collective behaviour of a large number of particles, 
and the wave mechanics of such a system is of con- 
siderable mathematical complexity. But a better 
understanding of the collective behaviour of helium 
atoms may be of significance also in connexion with 
other similar problems of physics. 

The book under review succeeds in a fair selection 
of the relevant experimental facts in making a good 
systematic treatment. This will be of value both to 
the expert and for reference. Some parts in the 
theoretical sections sre perhaps not of the same 
standard, and especially the author’s estimate of the 
theoretical achievements seems to be slightly over- 
optimistic. The book covers a lot of ground, it makes 
pleasant reading, and will be enjoyed not only by the 
specialista but also by those who look merely for 
orientation in this rather exciting subject. 

J. Q. VALATIN 


FRESHWATER INVERTEBRATES 


A Gulde to Freshwater Invertebrate Animals 
By Dr. T. T. Macan. Pp. x+118. (London: Long- 
mans, Green and Co., Ltd., 1959.) lls. 6d. net. 


© Peres importance of freshwater biology for scientific, 
economic and educational purposes has greatly 
increased in recent years and the many biologists, 
both amateur and professional, now interested in the 
subject, will be grateful to T. T. Macan for writing 
an attractive, straightforward and well-illustrated 
“Guide to Freshwater Invertebrate Animals’. 

The line drawings, of which there are more 
than two hundred, are simple, clear and attractively 
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finished and make up for some of the carelessness 
in the choice of words. To anyone unfamiliar with 
the conventions applied in describing mollusc shells 
the definition of a sinistral shell will mean very Little : 
“if it be held upright with the aperture towards the 
observer the aperture is to the observer’s left”. 
Readers requiring a definition of sinistral in this 
context are the very ones least likely to know the 
meaning of ‘upright’. Fortunately most of the 
ambiguities and other obseurities can be resolved by 
reference to a figure or to an opposing couplet in the 
key; but this takes a little time, and the distractions 
they evoke are further aggravated by expressions like 
“Swimming quick” which may be a grammatically 
appropriate antithesis to “Swimming laboured”, 
but could easily have been avoided. 

Apart from these minor blemishes the “Guide” is a 
pleasure to use. The practice of giving the dimensions 
of the specimens figured in millimetres rather than 
giving the magnifications is commendable and will 
save much mental arithmetic. It is, however, unfair 
to expect all the readers for whom the book is intended 
to know that the length of an insect, for example, does 
not include in its measurement any appendages pro- 
jecting at either end. 

Most authors of taxonomic keys become slaves to 
the system, and for the sake of uniformity attempt 
to find simple characters to separate large groups 
which are too complex for this to be done satisfac- 
torilly. It is for this reason that most keys require 
the reader to inquire into the most obscure and 
insignificant details, particularly in the early stages 
of the key, where the groups to be separated are the 
most complex. This is very discouraging until the 
student learns by experience how to. bypass the 
difficulty by recognizing the major groups by sight 
rather than by resolving the alternatives presented 
in the key. Dr. Macan avoids this trouble in a 
delightfully simple way: where to persist in the 
format of a key would lead to the use of impracticable 
alternative questions he abandons the format and 
substitutes a straightforward explanatory paragraph. 
By way of compensation, perhaps, the author makes 
use of the key format for his references to further 
literature. The number of species of freshwater 
invertebrates in Great Britain is far too great for 
them all to be dealt with in a single work, so in many 
places the key inevitably ends in a family or other 
group name rather than @ genus or species, and here 
where the investigator wants it is æ reference to 
further literature on the group. Macan’s “Guide” is 
thus more than a key to the invertebrates, it is also a 
master key to other keys. J. P. HARDING 


DOWSING—FACT OR FICTION? 


Water-Witching U.S.A. 

By Evon Z. Vogt and Ray Hyman. Pp. xi-+ 248. 
(Chicago: University of Chicago Press; London: 
Cambridge University Press, 1959.) 37s. 6d. net. 


HE difficulties of popularizing science are well 
known; they are probably greatest in fields 
such as psychology and sociology, where most readers 
are quite unaccustomed to the possibility of a 
scientific approach. The book under review shows 
what can be done even in a field that superficially 
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might seem rather unlikely. In turning to dowsing 
or ‘water witching’, the writers, of course, have the 
advantage that most lay readers will have some 
interest in the problem and will at ledst have heard 
of the claims made for this ‘science’. Their account 
is well written, well documented, critical in the best 
senso and, above all, intensely readable. It can be 
recommended to anyone interested in the subject as 
a model of popularization, and few people will lay 
down the volume without having learned a few new 
facts at least from the authors’ wide-ranging dis- 
cussion. 

In their book they pass from the reasons for dows- 
ing, through its history, to a consideration of the 
question of whether it does in fact work or not. As 
they point out, there is fairly universal agreement 
that the stricter the controls become which are 
umposed on the dowser, the less frequently does his 
score deviate from the chance-level. In this, there is a 
striking parallel to other sets of beliefs, such as those 
associated with mediums, clairvoyants, phreno- 
logists, graphologists, and Freudian psychotherapists. 
The unbiased reader will be unlikely to disagree with 
their conclusion that there is no scientific basis for 
water divining, and that recourse to it and belief in 
it are both based on psychological causes which are 
independent of reason and scientific proof. Particu- 
larly good in this connexion is their discussion of 
scientific methodology applied to problems ef this 
type ; even those least aware of modern psychological 
methodology could scarcely fail to follow their 
description step by step of the ressons why controlled 
experiments are necessary, and the way in which such 
experzmments should be carried out. 

The authors go'on to discuss psychological theories 
which might account for the muscle twitches of the 
dowser, including a discussion of the famous ‘talking 
horses’ and other so-called ‘parapsychological’ pheno- 
mena. Hore again, the discussion is lucid, well 
supported by strictly experimental findings, and 
altogether convincing. Their main point in bringing 
in these apparently extraneous facts is this. Modern 
psychology has demonstrated the truth underlying 
Carpenter’s ideo-motor theory, to.wit, that a person’s 
thoughts tend to be mirrored in certain small incipient 
muscle movements or twitches. These can be used as 
signs or signals by a clever medium. By the same 
token, they can also, when amplified by the forked 
twig held by the water diviner, lead to an unconscious 
indication of the diviner’s thoughts about the likeli- 
hood of water-bearing properties of a particular 
Piece of ground—notions themselves in many cases 
derived from his personal familiarity with the 
neighbourhood, or even semi-scientific knowledge of 
geological indications. 

The book ends with some chapters on the kind of 
people who undertake dowsing, the kind of people 
who employ dowsers, and the reasons why they do so. 
The facts discussed there are derived from the 
United States only, where dowsing appears to be 
much more prevalent than in Britain. The interested 
reader might like to consider whether the descriptions 
furnished by Vogt and Hyman of the typical dowser 
and his employer fit in with national stereotypes 
about the United States and Britain; it would 
certainly be interesting to have some similar facts 
about dowsing in the latter. Even without this, 
however, most readers will find this an interesting, 
enjoyable and well-written book, which will tell them 
all they need to know about ‘water witching’. 

H, J. EYSENOK 
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British industrialists 

Steel and Hosiery, 1850-1950. By Charlotte Erickson. 
(The National Institute of Economic and Social 
Research. Economic and Social Studies, Vol. 18.) 
Pp. xxi+276. (Cambridge: At the University Press, 
1959.) 408. net. 


HIS book gives the results of a survey of the 

social origins and careers of about 1,000 man- 
aging partners and executive directors in the hosiery 
industry of the Nottingham area and in the heavy- 
steel industry during the past one hundred years. It 
is thus in the first place a historical study, but the 
work was planned on the assumption that important 
differences might exist in the recruitment of manage- 
ment by different industries, depending upon their 
age, traditions, structure and organization. It does 
not claim more than to present some empirical data 
on the social origins of business leaders and on the 
use made of the natural ability of able individuals, 
and makes no attempt to construct principles for the 
selection of leaders. 

Nevertheless, as Prof. T. S. Ashton points out in 
lus foreword, this admirably produced volume con- 
tains material highly relevant to present issues. It 
gives some background for present-day thinking about 
the selection of leaders and about training for manage- 
ment that should be carefully weighed in plenning 
the e ion of higher technological education at 
the ledst. These studies bear closely on such questions 
as what constitutes the best education and experience 
for business leadership, the relative place of education 
and of experience, the appropriate age of appoint- 
ment of directors, as well as retirement. Such ques- 
tions cannot be dealt with in averages without regard 
to the particular individual’s rate of development 
and retention of powers, but they need consideration, 
and this book demonstrates the practicability of 
obtaining evidence and shows how it can be obtained. 
Moreover, the two industries actually chosen offer 
the possibility of some tentative inferences about the 
growth of the impersonal corporation upon the 
selection of business leaders in Great Britain. Indéed 
the book may well gain in value as further studies 
on such lines afe made in other industries and the 
results beeome available for comparison. 

R. BRIGHTMAN 


The Study of Man 

The Lindsay Memorial Lectures, 1958. By Prof. 
Michael Polanyi. Pp. 102. (London: Routledge 
and Kegan Paul, Ltd., 1959.) 78. 6d. net. 


HESE lectures form a most valuable companion 

to the author’s “Personal Knowledge”, in which 
he goes far towards rejecting the objectivity of science 
in that, as a discipline, it 18 commonly thought of 
as detached and impersonal. An individual, even 
passionate, element is essential. The three discourses 
are entitled (1) “Understanding Ourselves”, (2) “The 
Calling of Man”, (3) “Understanding History”. This 
emphasis upon understanding rather than upon 
prediction (the usual goal in-theoretical studies) marks 
the writer as a true epistemologist. The import- 
ance of such an outlook to-day lies in its capacity 
to offset at least some of the evils of specializa- 
tion without becoming merely dilettante in the 
process. 

The author is now ready to do something well worth 
the attempt, namely, to transpose much of Gestalt- 
psychology into a theory of knowledge. Why this 
has not happened before is largely because its devotees 
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were too passive, and inclined to under-estimate the 
personal element. In this, and in many other ways, 
Prof. Polanyi shows himself an artist, not least when 
he insists that those to whom the mternal splendours 
of mathematics are a closed book have no knowledge 
of the subject. 

It remains to see all this in the light of the late 
Lord Lindsay’s outlook on education, and his early 
efforts on behalf of the University College of North 
Staffordshire in particulate, He would have delighted 
in the liberalism which makes the act of knowing an 
urge to service. F. I. G. Raw tins 


Russian-English Glossary of Solld State Physics 
Edited by I. Emin. Pp. ti+90. (New York: Con- 
sultants Bureau, Inc., 1958.) 10 dollars. 


Russian-English Glossary of Optics and Spectro- 
scopy 

Pp. iv+78. (New York: Interlanguage Dictionaries 

Publishing Corporation, 1959.) 10 dollars. 


HESE two glossaries are of about the same size, 

the same format and edited by the same editor, 
but are published by different organizations. They 
represent very useful compilations of Russian terms 
belonging to the respective branches of physica, but 
although each glossary contains some 4,000 terms the 
user of these glossaries, as of any other specialized 
technical compilation, will often find certain terms 
missing. This applies to all specialized glossaries for 
the obvious reason that there are no hard and fast 
separations between specialized and general terms in 
science. Thus, for example, a very important Russian 
term of a French derivation ‘etalon’, meaning 
‘standard’, such as ‘standard sample’ or ‘standard 
measure’, also the term ‘brue’ or ‘brusok’ meaning 
‘bar’, or again names of certam chemical compounds 
or common minerals, are all missing from these 
compilations. The price of each of these glossaries is 
rather high. S. I. TOMKEIEFP 


Outline of Human Genetics 

By Prof. L. 8. Penrose. (Contemporary Science 
Series.) Pp. xii+146. (London: William Heine- 
mann, Ltd., 1959.) 12s. 6d. net. 


HIS is an excellent and lucidly written intro- 

duction to human genetics for the general reader. 
As one would expect, the treatment is well balanced 
and the factual basis correct and up to date. Of 
particular interest is the last chapter (“Eugenics and 
Dysgenics’’), in which the author, himself the Galton 
professor of eugenics in the University of London, 
gives many good reasons for a conservative attitude 
towards practical measures in this field. 

H. GRÜNEBERG 


Die Cactaceae 

Handbuch der Kakteenkunde. Von Curt Backeberg. 
Band 3: Cereoidese (Austrocactinase). Pp. iii-+ 
1361-1926 +-tafel 108-160. (Jena: Gustav Fischer 
Verlag, 1959.) 85 D.M. 


HIS further volume of Herr Backeberg’s colossal 

new handbook to the Cactaceas (Nature, 184, 
1010; 1959) continues the account of the subfamily 
Cerecideae as far as the end of the ‘sippe’ Austro- 
echinocacti of the subtribe Austrocactinae. Among 
the larger genera included are Lobivia (72 species), 
Gymnocalycium (58) and Parodta (36). As before, the 
volume is copiously illustrated. 
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A BASIS FOR A GENERAL SYSTEM OF INSECT MIGRATION AND 
DISPERSAL BY FLIGHT 


By C. G. JOHNSON 
Rothamsted Experimental Station, Harpenden 


HENEVER the start of a ‘mass migration’ of 

insects has been described—and this is very 
rare In spite of a voluminous literature—the insects 
have nearly always been making either their first 
flight as new adults or one very soon afterwards. 
This fact is usually mentioned only incidentally 
and has been observed intentionally in very few 
insectsi-15 ; it has never been brought forward as a 
general principle, though it may provide a central 
feature for a long-needed, general system of insect 
migration and dispersal. 

Studies of insect migration have usually been 
preoccupied with special qualities of the flight such 
as persistence, long distances travelled, collective 
flight or apparent control over the direction of dis- 
placement ; and migration is usually defined in these 
terms™-15. But no matter how spectacular these 
behavioural qualities may be, they are so variable 
that definitions based on them as to what is or is 
not ‘migration’ or what is ‘active’ migration and 
what is ‘passive’ dispersal, become arbitrary, con- 
troversial and unsatisfactory when applied to all the 
types of insect which are said to migrate. 

I suggest that the only common feature which is 
obvious at present in the mass migrations of insects 
in general is the active exodus flight by new adults 
from the breeding site followed by one or more 
flights, varying in character from species to species, 
to & new breeding site. This is what I shall mean 
by migration. I shall take mags migrations as the 
starting point for analysis. 


Records of Post-teneral Migration Flights 


I have so far found no exceptions to my conclusion 
that mass migrations begin in the first place either 
as first flights at the end of the teneral period or 
goon afterwards. 

The examples supporting the conclusion are given 
in Table 1 and refer to recognized migrants like 
Vanessa cardut, Ascta monuste, locusts and dragon- 
flies and to less spectacular ones; to organized 
drifters like aphids, and to Isoptera and crepuscular 
or nocturnal chironomids, which normally fly a very 
short distance but which can also be said to migrate 
in the above sense of the word. These examples 
include insects of several orders and cover a wide 
range of flight speed, duration and orientation. 

The teneral period is taken here as beginning at 
emergence from the last immature instar and ending 
at full flight-worthiness, although pigmentation may 
be incomplete as in dragonflies. It varies inherently 
from about 1 hr. (Vanessa cardut)}*,1’ to several days 
(locusts)*.8.1* ; its length is affected by temperature, 
as with any developmental process*®. 


Perspectives in Migration Studies in the Light of the 
Post-teneral Flight 
A recognition of the principle of post-teneral 


exodus flight brings new order and interesting 
speculation to the subject. 


(1) Periodicity of the first fisghe. The daily syn- 
chronization of mass flights is not primarily be- 
havioural, as with birds. Except in ants and termites 
it is caused by rhythms of emergence from the last 
immature instar, and by vanation in the teneral 
period with changing temperature, in association with 
light and temperature thresholds for take-off*}. 
Flight peaks may be repeated daily or within the 
day: total numbers migrating each day follow the 
curve for seasonal alate population changet’. Seasonal 
synchronization may be caused by breaking of 
diapause**. Such periodicities are fundamental to 
the mass migration process. 

This synchronized flight by individuals without 
apparent effect on each other is often called ‘swarm- 
ing’. This term is also used to describe aggregations 
by mutual attraction, which is quite a different 
process. 

(2) Possibility of teneral or post-teneral ‘coralition- 
ing’. The initial orientation of the insect in flight is 
probably ‘imprinted’ during the teneral period, or 
determined at take-off. The analogy with flight of 
bees comes to mind. Distances flown (within 24 hr.) 


Table 1. EXAMPLES OF Bropvus FLIGET IMMEDIATELY AT THR EXD 
OF THR TBNERAL PERIOD 
migration asterisked 


22 
(oom ee, (ref. 23) 
"4 hus pulgal : (L. nef) (ef = 
VIJEL MUS 
* Sampan tetraphylla (Van Jii Lind.) (ref. 28) 
i oh ref. BS} 


* Orthetrum trinaoria (Balys) (Libellulidae ASS 23) 
* Sympetrum strrolatum harp. Libel 
> ee Tonan (Balys) (Libellulidse) (ref. ) 
Jlavescens Fabr. (ref. 28 
+ Lestes malabarica Fraser (Lestidas) (ref. 23) 
Orthoptera 
* Schistocerca gregaria Forsk. (Acrididae) (refs. 4, 19) 


tera 

a species (ref. 26). 
repanolermes silvestri Hull (ref. 27) 

Hamilermes perplexus Hill (ref. 27) 


ssaus doriae Ferr, (Het: Ly dae) (ref. 29) 
. Dysdercus sidas Montr. (Het ocoridae) (ref. 80) 
» Aphis fabas Scop. (Hom: ‘Aphi das) (refs. 6, 8, 9, 31) 


vn pdoptera 


É Catopriia crocale Oa. (Pieridae) (ref. 82) 
* Catopnira L. (Pieridae) (ref. 8 


Hew 


Diptera 
r Asdes en ior hynod TEH (Oullerdae) (refs, oO 
Chironomus eff.) (Chironomidae) (ref. 38) 
There are ‘many references suggesting post-teneral exodus 
flights in mosqul (ref. 89) 
Hymenoptera 
Dip fen potomu Li a 
Generally in ants (ref. 


(Diprionidae) (ref. 40) 
ge fal 


) 
“Di ica duodect ( mae (raf 48 5) 
iabrotica mpunctata F abr. Ohtysome 8 
Promecotheca opacicollve desiro (ref. 46) 
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possibly depend on the time of day when flight 
maturity and take-off occur, that is, on the period 
remaining before flight is stopped by darkness or 

ing temperature. Too long an enforced wait 
before take-off, leading to sexual maturation or fertil- 
ization, apparently inhibits migration altogether in 
A. monuste? and Hemtleuca oliviae™. Reversal of 
positive phototexis with changes m temperature (and 
humidity)‘**! may influence take-off behaviour and 
subsequent flight. 

Thus, variation in initial orientation and flight 
duration, or whether the exodus flight will occur or 
not, could be expressed collectively according to the 
daily periodicity. 

(3) Take-off fight. The individual take-off flight at 
the exodus appears to be very similar for several 
insects of different orders. It is often described as a 
vigorous flight upwards (positive phototaxig)?.1%,30,3¢,54 
oc at_a steep angle, to about 20 ft. when turbulent 
transport determines speed and direction or the 
insects stop climbing and are reported as flying off 
in the game direction!®*13,15-17,30, 

Some species may fly off without delay (aphids, 
F. cardut) ; others (locusts, A. monuste) first make a 
few, relatively short preliminary flights. 

(4) Duration of migration. This is partly a species 
characteristic, probably evolved in relation to sur- 
- vival. Locusts and some Lepidoptera may continue 
to fly entermittently for many days, covering great 
distances ; others fly for only a few hours (aphids) or 
even minutes (some Isoptera) before migration ends 
or flight ceases permanently (Isoptera : some aphids). 
The exodus flight, however, and sometimes its con- 
tinuation, appears always to be of relatively great 
vigour. 

(5) Migratory and other flights. At present it is not 
clear if the exodus flight and ita more or less im- 
mediate continuation are different in quality from 
other flights which occur later: it is claimed that 
they are, soundly I think, for Lepidoptera! and 
mosquitoes!*"* at least. But with some insects it is 
not possible to be certam about this. It seems to me 
that it is best to make the chronological distinctions 
first, and that the failure to do this has greatly 
blurred the migration picture. 

(6) Aggregation. Insects may aggregate at take-off 
(locusts) or afterwards (Danaus plexippus)™ or at 
hibernation or wstivation (for example, Coccinellids). 
This is a special feature, secondary to synchronization 
of flight by simultaneous maturation when individuals 
fly away together but apparently without affecting 
each other. 

(7) Hibernation and ostivatton. I presume that 
they are exodus flights which end in hibernation or 
estivation, followed later by so-called ‘return 
migration” towards former breeding sites. 

(8) The ‘return flight. The ‘return’ flight has been 
considered a necessity without which a species would 
lose ita breeding sites*. This assumes that all the 
females of the origmal population transfer to places 
unsuitable for breeding: this has not been proved. 
Drrection, as well as distance, from the origmal source 
vary and migration is dispersive (as compass dis- 
grams show?) ; some insects may remam behind}.?’, 
The habitat may thus be replenished from within or 
from directions other than that of the main exodus™ ; 
there is, however, often a seasonal bias in different 
directions. The analogy with birds should not be 
pressed too far. 

(9) Causes of migration. Current lack of food or 
space is often said to cause migration, but I postulate 
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that to make the orginal exodus is the normal 
individual action of many new flight-mature insects, 
irrespective of the size .of the population, the im- 
mediate food supply or space. Shortages of food or 
space may cause Insects to move; such shortages 
often comcide with a mass exodus, but they are not 

y cause and effect. Exodus flights are, no 
doubt, made also by individuals from the smallest 
possible populations but pass unnoticed. I see 
migration as an evolved &daptation rather than as a 
current reaction to adversity. 

(10) The adult as a migrant stage. The idea that 
the adult represents a stage the primary function of 
which is dispersal fits in with my conclusions ; for a: 
primary function would be expected to occur as soon 
as possible once the adult stage is reached, when the 
insect is fresh. 

(11) Mtgratton and reproduction. The exodus flight 
having evolved for recolonization, it therefore pre- 
cedes oviposition; in fact, in Aphts fabae, larvi- 
position is delayed until induced by flight®*, and this 
may well be the general tendency. 

(12) Migration and dispersal. The initial exodus 
flight appears to be generally very active and oon- 
tinuing mto the migratory flights lead to dispersal 
except where they end in aggregations. It remains 
to find the proportion of the aerial’ ‘plankton’ con- 
cerned with ‘deliberate’ post-teneral flights as 
distinct from being caught up ‘accidentally’ at other 
times ; but I suspect that post-teneral exodus is the 
rule with many more species than we realize, though 
it may be unobstrusive. Insects which do not 
migrate may well be the exceptional ones. 


Conclusions 


Mass migratory flighte, as commonly recorded, 
appear to be made primarily by newly emerged 
adults at the end of the teneral period after moulting 
from the previous instar and as soon as the insects 
have full capacity for flight. Commonly, it is the first 
flight of the new adulte, but m some species a number 
of relatively short flights lead to the exodus flight, 
which, continuing, becomes dispersive, and takes the 
insects to new breeding sites, from which new adults 
of another generation migrate. Exodus flights appear 
to be made usually by individuals without reference 
to each other except in special cases (for example, 
locusts). 

This principle does more than repeat that insects 

leave their breeding places; it says when they 
migrate, and why they may do so collectively. It 
distinguishes migration flights chronologically in the 
first place before attempting to distinguish them 
behaviourally. 
. Migration from hibernating or estivating aggrega- 
tions of msects also occurs more or less en masse, 
but this is not a general feature ; the resemblance to 
bird migrations (in that a change in behaviour ocours 
in adults with a previous, different behavioural 
history) has probably distracted attention from the 
original post-teneral migration which I postulate is 
common to all. 

The chronology of mass migration now seems more 
clear: experimental work on migration in many 
insects might now be planned without waiting for 
the hitherto unpredictable phenomenon in the field. 

This might apply especially to problems of orienta- 
tion: and to the possible relation of endocrine 
balance to the active and persistent character of 
many migratory flights followmg emergence. 


~ 
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Note added in proof: Since writing this article 
I have seen P. B. M. Allan’s paper (Entom., 75, 147; 
1942) in which he, like Piepers (1890), expresses 
opinions applying specifically to Lepidoptera, which 
are similar to the views developed above. 
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BINDING OF A HEPATOCARCINOGEN TO THE STRUCTURAL 


LIPOPROTEIN OF RAT LIVER : 


ITS BEARING ON THE 


IMMUNOLOGICAL THEORY OF CANCER 


By J. W. WESTROP and Pror. H. N. GREEN 
Cancer Research Unit, University of Sheffleld 


HE outstanding relevance of specrfic protein 

binding by carcinogens to the immunological 
theory of cancer has been stressed repeatedly since 
the theory was first proposed'. The concept that 
this specific binding is to a cytoplasmic tissue-specific 
lipoprotein complex, detectable as tissue-specific 
antigen, has been, steadily developed since that 
time? and there is considerable evidence in its 
favour. 

In hepatocarcinogenesis, central importance has 
been attached recently to azo-dye binding in the 
microsomal fraction®“. Since it is known that this 
fraction, as obtained by differential centrifugation of 
liver homogenates, includes the cell membrane and 
ergastoplasm (endoplasmic reticulum + ribonucleic 
acid granules) it becomes important to decide whether 
binding of azo-dye to these structures is a factor in 
the binding found in the fraction as a whole. 

Bruemmer and Thomas described a method® of 
obtaining a ‘ghost cell’ preparation from calf liver 
and showed it to be an insoluble lipoprotein with a 
similar chemical composition to an insoluble lipo- 
protein obtained by Smith e? al.* by differential 
centrifugation of homogenates. It is thought to 
represent the structural substance of the cell, that is, 
the endoplasmic reticulum. Using this method, 
we have obtained a ghost cell preparation from the 
livers of contro] rats and rats injected with azo-dye, 


and confirmed that it is an insoluble lipoprotein. 
We have also shown, by analysis’? for bound dye, that 
firm binding to the protein of this lipoprotein does in 
fact occur. It is seen (Table 1) that in acute experi- 
ments, binding by the hepatocarcinogen, 3’-methy]- 
4-dimethylaminoazobenzene, is relatively consider- 
able. On the other hand, using the feebly carcino- 
genic 4’-methyl-4-dimethylaminoazobenzene and the 
non-carcinogenic 2-methyl compound, no more than 
& possible trace of bound dye in the ghost cell gub- 
stance was found. A repeat experiment did, however, 
show some, though less, binding with both compounds. 
Under these experimental conditions the binding is 
not therefore specific to a carcinogen. Feeding of 
4-dimethylaminoazobenzene for a long period resulted 
in the production of enlarged and grossly abnormal 
livers showing early neoplastic changes. No bound 
dye was detected in the ghost cell preparation from 
these livers. 

The yield of ghost cell substance, expressed as 
percentage of fresh liver, from all the rats injected 
with azo-dye was strikingly reduced. Only in the 
case of the repeat experiment with 4’-methyl-4-di- 
methylaminoazobenzene and the 2-msthyl compound 
could this reduced yield be ascribed, and even then 
only partially, to decreased cellularity of the liver as 
indicated by the concentration of liver deoxyribonu- 
cleic acid. In the other experiments, and notably 
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Table 1. FIRM BINDING TO THE ‘GHOST OBLI’ SUBSTANORS IN LIVERS 
OF RATS TRHATAD WITH ALO- DYM 


Bound dys: Absorbance/ 
Thne 50 mgm. protein 


killed 


No. of 
Tats 


8 
6 
2 
1 
7 
4 
8 





Exps. 1-5: Intraperitoneal injection, 20 f100 gm. bod 
weent a oiL Similar numbers of sontrol rats injected wi 
oll only 
Exp.6: Fed 0 06 per cent 4-dimethylaminoasobanrens in stock diet. 
Similar numbers of controls fed stock diet only. 
Absorbance ia logis 7,/I, 1 om. at 5204 for Lainey laminoazoben- 


zene (DAB), 5254 for 2-methy!-4-drmmoethylaminoasobenxene (2-Me- 
DAB) and the 3’-methyl compoand (3’-Me-DAB), 580u for 4’-methyl-4- 
dimethylemmoazobenzene (4°-Me-DAB). 


with the 3’-methyl compound, a reduced concentra- 
tion of hver deoxyribonucleic acid did not accompany 
the reduced yield of ghost cell substance. 

It may perhaps be significant that there was a 
reduction in ghost cell substance in the ‘neoplastic’ 
livers resulimg from long-term feedmg with 4-di- 
methylaminoazobenzene. The livers from dye-fed 
rats were about twice the size of the controls, which 
might reflect a very low content of ghost cell substance 
in théneoplastic cell itself. Incidentally, the higher 
yield of ghost cell substance in this experiment was 
due to a less rigorous application of the extraction 
procedure in a first trial of the method. The reduced 
yield of ghost cell substance from the livers of rate 
injected with 3’-methyl-4-dimethylaminoazobenzene 
was accompanied by a reduced concentration of 
ribonucleic acid in the liver, which was most apparent 
when the animals were killed 48 hr. after injection 
of the dye. Since much of the cellular ribonucleic 
acid is associated with the endoplasmic reticulum to 
form the ergastoplasm, it would appear that dye 
injection has produced a loss in both components. 
This acute loss does not appear to be related to 
carcinogenic potency. 

During the course of the present work, it was 
reported‘ that following feeding to rate, 3’-methyl-4- 
dimethylaminoazobenzene was firmly bound to the 


Table 2. EY¥Eor oF AZO-DYRS ON THR YIALD oF ‘GHOST Oxi.’ 
SUBSTANOR AND CONGHNTRATION OF NUOLMO AOtps Ix Rat Liver 













Composition of Liver nualeic 
Dry ghost cell substance aold oona. : 
liver/ change in 
Treat- wot dye group 
ment liver ve. control 
(per 
cent) 
8’-Me-DAB! 28 2 
Control 28-0 
3'-MeDAB | 25 0 —85 öt| +3 OF 
Control 25-7 
4’-KMe-DAB | 24 2 +78 
Control 245 
2-Me-DAB | 22 0 L172 
Control 25°38 
4’-Me-DAB} 24-0 27 0 
2-Me-DAB | 22-6 — 204 
Control 23 6 
DAB — 
Control — 


* Alcohol extractable only. 
ł Oo nding figures for additional groups treated similarly were 
—80 1 and +11 0 respectively. 
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liver ergastoplasm and exclusively to the ‘insoluble 
residuum’ fraction thereof. It seems to us, probable 
that this fraction and our ghost cell preparation 
represent the same cellular substance, that is, the 
structural lipoprotein of the endoplasmic reticulum, 
and that we have confirmed in another, possibly more 
direct, way that binding of carcinogenic azo-dye to 
this substance occurs. It is also stated in the report 
already mentioned that single massive doses of dye 
may decrease the activigy of (liver) glucose-6-phos- 
phatase, an enzyme located m the ‘insoluble residuum’ 
fraction. If this is due to loss of endoplasmic reticu- 
lum, it would be in lme with our findmg of a dimin- 
ished yield of ghost cell substance. 

Our resulta mdicate that binding occurs in the 
region where tissue-specific antigen(s) is located. A 
liver microsomal sub-fraction contammg a large 
proportion of the microsomal protein and phos- 
pholipid and thought to be a lipoprotein forming an 
integral part of the endoplasmic reticulum was shown 
by Vogt® to contain all, or nearly all, the tissue- 
specific antigen. Our preliminary results indicate 
that the major portion of firmly bound dye in the 
microsomes after injection of 3’-methyl-4-dimethyl- 
aminoazobenzene is in this fraction which contains 
nearly all the microsomal phosphatide (now com- 
pletely confirmed in each of four experiments). This, 
together with the earlier findings, make-it highly pro- 
bable that tissue-specific antigen is involved in the 
binding process. The question of specificity must 
remain open until we know whether there is a big 
quantitative difference between carcinogens and 
non-carcinogens either in immediate binding, or m 
the time it persists, or both. However, present 
results, together with preliminary work on a trans- 
plantable hepatoma, mdicate that the microsomal 
lipoprotein complex responsible for binding may be 
lost during carcinogenesis, since no binding occurred 
in the late stages of the process nor in the hepatoma. 
Failare of carcinogenic dye to bind with the soluble 
protein fraction from chemically induced hepatoma®, 
whereas it shows firm binding m normal liver, may be 
secondary to the deficiency of tissue-specific antigen 
postulated by us. According to Hultin’, primary 
binding is in the microsome fraction, followed by the 
release of metabolic products into the cytoplasmic 
fluid, which are then trapped by soluble protein com- 
ponents. If this is eo, then in the absence of micro- 
somal binding so-called ‘specific’ binding to the 
soluble protem fraction would not occur. 

We have for some years’, on the basis of much 
varied work, maintamed that the cancer cell lacks 
in some degree cytoplasmic tissue-specific antigen. 
which results in a loss of immunological identity as a 
tissue. This results in failure of certain (for example, 
‘scavenger’) cells to recognize displaced cells, and in 
cancer cells lacking the receptors to recognize humoral 
(for example, hormonal) controls. The cancer cells 
can therefore no longer be fully integrated into an 
organized tissue or into the whole organism. The 
mechanism of loss of tissue-specific antigen doubtless 
varies greatly, but in chemical carcmogenesis immune 
attack on haptene-bound tissue-specific antigen may 
be important’. Even if this is not so, the basis of the 
immunological theory would not be affected. 

We have previously suggested’® that the tissue- 
specific antigens are membranous lipoprotein com- 
plexes and indicated how their loss could account 
for known alterations in the surface properties of the 
cancer cell. The concept that cellular affinities (that 
is, the forces binding like cells to like) are mediated 
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through antıgens on cell surfaces is supported by the 
work of Spiegeli, who prevented re-aggregation of 
marine sponge and amphibian embryonic cells by 
treatment with specific surface-active antibodies. 
The fact that exposure to a carcinogen has a some- 
what similar effect on marine sponge cells* favours 
the idea that surface antigens are involved in carcino- 
genesis. We are now getting a clearer picture of the 
site and nature of such antigens and indications of 
how carcinogenic chemicals and agents of many 
pana kinds interact with them and cause their 
oss}, 

There is evidence that the ergastoplasm is con- 
cerned ‘with the synthesis of proteins peculiar to that 
cell, and ideas suggesting that differentiation and 
structure are controlled by self-replicating particles 
located in the ergastoplasm and linked to nuclear 
genes by it, have some experimental support'*. The 
present findings provide evidence that carcinogens are 
able to bind firmly to the cell framework. It remains 
to be seen whether there is in this respect a quantita- 
tive, or even qualitative, difference between carcino- 
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gens and related non-carcinogens. If there is, and 
absence of such binding in cancer tissue is confirmed, 
the idea that deficiency of tissue-specific antigens and 
neoplasia are synonymous terms will receive further 
support. 
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THE BIOCHEMISTRY OF THE EYE” 


By Dr. ANTOINETTE PIRIE 
Nuffield Laboratory of Ophthalmology, Oxford 


IOCHEMICAL processes in the tissues of the eye 

are as diverse as in any other organ, and the 
functions of transmission of, and sensitivity to, light 
add special complexities. Size and shape must be 
controlled rigidly in order that the eye can act as an 
optical instrument, the tissues must be transparent, 
which means that they must be avascular, and the 
light-sensitive pigments in the retmal cells must be 
backed by the light-absorbing melanin of the choroid. 
Cornea, lens and vitreous body are light transmitters 
and focusers; the retina is the light-receiving and 
light-sensitive part of the eye. 


Cornea and Lens 


Recent experiments have shown that the clarity 
of the cornea depends upon its metabolism, which 
regulates the ionic balance. If respiration of the 
epithelium of the cornes is inhibited by fitting a type 
of contact lens, the epithelial cells swell and water 
acoumulates in the fibrous stroma, thus making the 
cornea optically imperfect. Presence of oxygen 
beneath the contact lens prevents this swelling. 
Similar swelling occurs if the cornes is cooled or stored 
anaerobically or in the absence of glucose, but can be 
reversed when. the tissue is re-warmed in presence of 
oxygen and glucose. A degree of swelling that might 
be unnoticeable in another tissue can distort the 
optical perfection of the cornea. 

The cornea consists of three parts—epithelium, 
collagenous stroma and endothelium. The stroma is, 
in most animals, the largest part, but the epithelium 
has the most active metabolism. The cornes is 
avascular and oxygen is supplied by diffusion from the 
air, and, together with other nutrients, from the 
aqueous humour and surrounding tissues. The meta- 


* Substance of two lectures given in University College, London, 
on February 29 and March 7, 1960. 


bolism of glucose by the corneal epithelium appears 
to be similar to that of other tissues. The Qo, is 
8-8, which is comparable to liver; cytochrome oxi- 
dase can be demonstrated histologically and cyanide 
inhibits respiration almost completely. Anaerobic 
glycolysis and some aerobic glycolysis occur. The 
enzymes of the citric acid cycle are present and glucose 
is also directly oxidized by the pentose phosphate 
pathway. 

Glucose breakdown is the main source of energy 
in both cornea and lens. The relative importance of 
different paths of glucose breakdown has been studied 
in both tissues by Kmoshite and Wachtl using glucose 
labelled with carbon-14 on C, or O, or uniformly 
labelled on all carbons. In these avascular tissues 
anaerobic glycolysis is, a8 one might expect, the main 
path. The corneal epithelium glycolyses 65 per cent 
of all glucose metabolized and oxidizes 35 per cent, 
most of it by direct oxidation through the pentose 
phosphate route. The lens, which is much less 
active metabolically than the cornea, glycolyses 
almost all glucose used. The citric acid cycle is 
almost inactive in lens and any oxidation of glucose 
takes place by direct oxidation of C, through the 
pentose phosphate path. This oxidation is accom- 
panied by reduction of triphosphopyridine nucleotide, 
and systems which can re-oxidize this coenzyme have 
been sought in both cornea and lens. Kinoshita 
found that the corneal epithelium contains a lactic 
dehydrogenase that will use reduced triphospho- 
pyridine nucleotide, reducing pyruvic to lactic acid, 
and that addition of pyruvate anaerobically to cornea 
stimulates direct oxidation of glucose. Such a system 
may also be active in lens. Both tissues also contain 
a high concentration of reduced glutathione and 
glutathione reductase, which uses reduced triphospho- 
pyridine nucleotide as coenzyme; but no system 
oxidizing glutathione has yet been found. 
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The corneal stroma consists of fine uniformly 
arranged collagen fibres embedded in a matrix of 
mucopolysaccharıdes and mucoproteins. As these 
substances occur in the cornea unmixed with other 
fibrous proteins or with blood vessels it seems a 
suitable tissue in which to study collagen and muco- 
polysaccharide formation. Experiments have shown 
that repair of collagen in the cornea requires ascorbic 
acid. Three mucopolysaccharides are present—kera- 
tosulphate, a polymer of N-acetylglucosamine, galac- 
tose and sulphate, chondroitin sulphuric acid, a 
polymer of N-acetylgalactosamine, glucuronic acid 
and sulphate and the non-sulphated polysaccharide 
chondroitin. Cornea, both in vivo and in vitro, will 
incorporate sulphur-35 labelled inorganic sulphate 
into mucopolysaccharides. The uptake is much 
reduced in scorbutic guinea pigs. 

The lens cells are derrved from embryonic ectoderm. 
A small clump of cells grows into the optic cup, 
rounds itself off and becomes detached from the outer 
surface. By the time the human embryo ıs 2 om. 
long this little clump has surrounded itself with a 
capsule which is impermeable to cells and to proteins, 
and the lens exists for the rest of life cut off from 
blood vessels and nerves, suspended radially in the 
eye by the suspensory ligament and bathed by the 
aqueous and vitreous humours. The adult lens has 
a dry weight of 35 per cent and nearly all of this is 
protefh. The protein of the lens is not species 
specific. Common antigens are present in the lenses 
of all mammals examined, and man and animals 
can form antibodies to their own lens proteins. 
Escape of protein from a cataractous lens occa- 
sionally leads to development of sensitivity to lens 
protein and this can cause an intraocular allergic 
reaction. Until recently the lens was thought to 
contain only three major proteins, but with advance 
in electrophoretic techniques thirteen protein frac- 
tions have been separated and five fractions crys- 
tallized 


Senile cataract ocours throughout the world in 
man and animals but the biochemical changes are not 
known. A form of experimental cataract in which 
some of the biochemical changes are known is that 
produced in young rats by feeding high concentrations 
of galactose or xylose or by inducing diabetes with 
alloxan. R. van Heyningen has found that enzymes 
are present in the normal lens which will convert 
glucose to fructose by way of sorbitol. Sorbitol, 
present in traces in normal lens, accumulates in the 
lens of the diabetic rat, and the corresponding polyols, 
duicitol and xylitol, accumulate in the lens of the rat 
fed galactose or xylose. The concentration of 
dulcitol may reach 2 gm./100 gm. lens after 1-2 days 
on a diet of 35 per cent galactose before any sign of 
cataract has appeared. 

Cataract due to excess galactose also occurs in man. 
Some babies cannot metabolize galactose, do not 
thrive on milk and, among other signs of illness, may 
develop cataracts. Kalckar has found that galactos- 
sma is an inborn error of metabolism and that 
these babies do not have the enzyme galactose-1- 
phosphate uridyl transferase in their tissues, and their 
red blood corpuscles contain galactose-1-phosphate. 
Schwarz and Golberg found traces of galactose-1- 
phosphate in the fully cataractous lenses of galactose 
fed rate, and Lerner found that lenses from a galactos- 
temic infant had a low galactose-l-phosphate uridyl 
transferase activity. Whether block of galactose 
breakdown at the dulcitol-level with early high 
accumulation of dulcitol or block of the further 
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metabolism of galactose-l-phosphate causes lens 
opacity to develop 1s still not clear. 

Such cataracts are very rare in man, but senile 
cataract is still listed as the largest single cause of 
blindness in the world as a whole, in spite of the 
fact that the blindness can be reheved by surgical 
removal of the cataractous lens. 


The Vitreous Body 


The vitreous body fills the space between the lens 
and retina and can be considered as an extremely 
tenuous connective tissue. Although it is 99 per cent 
water it is a surprisingly stable jelly-like structure 
which does not dissolve when suspended in saline. A 
fibrous insoluble residue was described by Mörner in 
1894, who suggested that it might be collagen, and 
this was confirmed usmg chromatographic and X-ray 
analysis. Electronmicrograms show very fine uniform 
fibres which occasionally show a cross-striation of 
640 Å., in the posterior part of the vitreous body, while 
coarser fibres are present near the lens where the 
vitreous body is very firmly attached to the retina 
and outer costs of the eyeball. When the fibrous part 
is separated by centrifugation or filtration a clear 
viscous fluid remains, the vitreous humor, from 
which hyaluronic acid was first isolated by Meyer and 
Palmer in 1934. The stability of the vitreous body 
depends on the network of collagen fibres permeated 
by polymerized hyaluronic acid. The concentration 
of hyaluronic acid in the vitreous of cattle is about 
400 mgm./l., and the concentration of fibrous protein 
150 mgm./l., yet together, these large molecules, 
even ın these low concentrations, form a surprisingly 
stable structure. 


The Retina 


The retina, like the brain from which it is derived 
embryologically, has a very active metabolism. The 
Qo, 18 about 10, and glycolysis proceeds both aerobic- 
ally and anaerobically. Oxidation of glucose takes 
place by the pentose phosphate path and by the 
citric acid cycle, judged by formation of carbon 
dioxide from glucose labelled with carbon-14 on 
C, or Cy. But in studies of yields of radioactive 
lactic acid, carbon dioxide or other intermediates the 
fact that retina will actively mecorporate carbon 
dioxide into malate must be remembered. Addition 
of pyruvate to retinal tissue stimulates direct 
oxidation of glucose presumably through stimulation 
of reactions which re-oxidize reduced triphospho- 
pyridine nucleotide, thus supplying triphospho- 
phyridine nucleotide for glucose oxidation. Such 
reactions could be the formation of malate from 
pyruvate plus carbon dioxide catalysed by the malic 
enzyme or reduction of pyruvate to lactate catalysed 
by a lactic dehydrogenase. 

Attempts have recently been made to correlate 
the high rate of retinal glycolysis with maintenance 
of light sensitivity, and to determine metabolic 
changes when the retina 18 illuminated. Injection of 
iodoacetate in many species of animals causes an 
almost immediate fall in the electrical response of the 
retina to light and this is followed by a progressive 
fall in glycolysis with degeneration of those cells in 
the retina which contain light-sensitive pigments. 
But further work has shown that iodoacetate inhibits 
other processes in the retina besides glycolysis. No 
change has been found in respiration, in adenosinetri- 
phosphate, deoxyribonucleic acid or ribonucleic acid 
when the retina is illuminated. 
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The main biochemical study of the retina has 
always been study of the lght-sensitive pigments 
themselves. This brief review can discuss only one 
class, namely, those which are contained in the rod 
cells of vertebrate retinas and are thought to be the 
basis of vision in dim lights where colours are not 
appreciated. These pigments, the rhodopsins and 
porphyropsins, are lipoproteins with carotenoid 
chromophores, the carotenoid being retinene A,, the 
aldehyde of vitamin A,, or retinene A,, the aldehyde 
of vitamin A,. It is interesting that the first con- 
nexion between vitamin A and visual pigments came 
from study of human and experimental night blind- 
ness and that later biochemical work showed the 
vitamin to be a part of the pigment molecule. 
Rhodopsin can be isolated from the rod cells by 
extraction with digitonin with which it forms a 
soluble complex. It is a red pigment which fades to 
a yellow when exposed to light. This red pigment 
was first seen in the frog retina by Boll in 1876, who 
noticed that it faded in hght but was re-formed if 
the live animal or separated eye was left in the dark. 

The breakdown of rhodopsin by light and its re- 
formation in darkness has been studied by examina- 
tion of changes in the absorption spectrum. Mam- 
malian rhodopsin has an absorption maximum at 
500 my, which is also the wave-length of light to 
which the mammalian eye is most sensitive. Change 
in absorption at 500 mp measures change in rhodop- 
sin. The primary action of light can be studied by 
determining c at very low temperatures, 
— 70° C., where thermal reactions are stopped. Such 
experiments show that light does not, strictly speak- 
ing, bleach rhodopsin but only changes the point of 
maximal absorption very slightly to the blue. Subse- 
quent reactions which occur in light or in the dark 
cause more profound changes with release of retinene. 
Recent work of Wald and Hubbard has suggested 
that the retinene present in rhodopsin is a particular 
li-cts stereoisomer and that the action of light is to 

this isomer to the all-trans form while leaving 
it still attached to the protein. Vitamin A and 
retinene in other parts of the body are the all-trans 
isomers, but the pigment epithelium m mammalian 
eyes and the eyes of some marine crustaceans contam 
ll-c1s retinene. The mechanism of formation of this 
isomer in the eye is not clear. Wald found it less 
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effective than the all-trans isomer ia promoting 
regeneration of rhodopsin in the retina of the vitamin 
A-deficient rat. 

Examination of the density of rhodopsin in the 
living eye has shown that visual sensitivity is not 
related directly to rhodopsin concentration. Bleach- 
ing half a per cent of the total rhodopsin reduces 
sensitivity three-thousand-fold. Probably neural 
factors as well as pigment concentration are in- 
volved. 

Apart from the light-sensitive pigments of the 
visual cells there are other pigments in the eye 
that modify the hght stimulus received. For example, 
there 1s a yellow pigment, probably the carotenoid 
xanthophyll, at the macula, where vision is most 
acute in the human eye. This absorbs about 60 per 
cent of all incident blue light. The retinal pigment 
epithelium or choroid of many fish, amphibians and 
at least one reptile contains fluorescent pterins, and 
similar parts of the eyes of other species of fish and 
some mammals are rich in riboflavin. The most 
extreme example is the eye of the lemur, Galego 
crasstcaudatus, in which there is a layer of crystals 
of riboflavin immediately behind the visual cells. 
This mirror will both reflect light and, through its 
fluorescence, will transform short-wave blue light to 
light of longer wave-length (520 mu} to which rhodop- 
sin is more sensitive. 

Many animals have elaborated mirrors behind their 
retinas or on their irises. Carnivores have a layer of 
crystals of zinc cysteine ; and in the silver fox the 
zinc concentration of this part of the eye may reach 
16 per cent of the dry weight. This is also the basis 
of the eye shine of dogs and cats. Fish and amphibians 
lay down crystals of guanin as a mirror in their eyes 
as in their scales (fish silver), while lemurs have 
crystals of riboflavm. The biochemical processes 
whereby these substances are concentrated to such an 
extent that they crystallize have yet to be investi- 
gated. 

The study of both the specialized and the sain 
biochemistry of eye tissues is only just beginning to 

It is a fascinating study, and should lead to 
a clearer understanding of normal and abnormal 
processes in the eye as well as giving information 
which is interesting in connexion with the metepouem 
of other tissues. 


OBITUARIES 


Prof. H. W: B. Skinner, F.R.S. 


HERBERT SKINNER, Lyon Jones professor of physics 
in the University of Liverpool, died suddenly in 
Geneva on January 20, at the age of fifty-nine, 
leaving a wifo and daughter. His death was a great 
shock to a wide circle of friends and colleagues, for 
he was well known and liked far beyond his own 
University. 

He was educated at Rugby and Trinity College, 
Cambridge, and worked under Rutherford at the 
Cavendish Laboratory until 1927, when he joined 
Tyndall at Bristol. He was elected to the Royal 
Society in 1942 in recognition of his work on the 
soft X-ray spectroscopy of metals. 

Early in the War, Skinner worked on radar at the 
Telecommunications Research Establishment, which 
was a remarkably successful amalgamation of 


academic, industrial and Government scientists 
working in close liaison with the communications 
industry and the Royal Air Force. Skinner was one 
of the bright spirits of this enterprise and certainly 
contributed much to its success. He left in 1943 to 
join the atomic weapons work under the Department 
of Scientific and Industrial Research, and went to 
California as a senior member of the British group 
working with E. O. Lawrence and his colleagues on the 
electromagnetic separation of uranium isotopes. 
Skinner returned ta act as deputy to Sir John 
Cockcroft, who was still in Canada, in setting up the 
Atomic Energy Research Establishment at Harwell. 
He and a few colleagues began the creation of a great 
research laboratory from an empty R.A.F. station 
on the edge of the Berkshire Downs. Looking back 
now, it is remarkable that such impressive progress 
was made in those early years, when conditions were 
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so difficult. Skinner’s contribution, first acting in 
Cockcroft’s absence and later as one of his able 
lieutenants, was a most important one. His particular 
personal creation was the General Physics Division 
which, organizationally, could have no logical justifica- 
tion but was a reflexion of his own wide interests and 
was extremely productive. Under his personal 
supervision came the synchrocyclotron, cloud chamber 
and nuclear emulsion work, synchrotrons, linear 
accelerators and electronics instrumentation, X-ray 
and neutron diffraction, isotope separation and mass 
spectrometry, and, later, extra-mural work on plasma 
physics. Al this work prospered and, with the growth 
of Harwell, some found homes in new divisions. 

Four years later, when chief physicist at Harwell, 
Skinner was appointed to succeed Sir James Chadwick 
at Liverpool. There he had further opportunity 
to exploit his talent for construction, because Chad- 
wick, having created a flourishing school of nuclear 
physics around one of the first cyclotrons in Europe, 
had undertaken the construction of a new research 
laboratory centred on ae 156-in. synchrocyclotron. 
This large project was in an early and critical stage, 
but was brought to a highly successful conclusion 
with the help of Chadwick’s former colleagues and 
new men brought in by Skinner. Unlike Chadwick, 
Skinner was not primarily a nuclear physicist, and 
he appointed J. M. Cassels as professor of experimental 
physics. Liverpool became the home of a powerful 
schooPof high-energy physics, and the research work 
more than kept pace with the general growth in 
the universities. The small cyclotron, together with 
a Cockcroft—Walton generator, enabled the traditional 
nuclear physics school at Liverpool to grow in size 
and output to such good effect that one of Skinner’s 
last acts was to undertake the installation of a tandem 
electrostatic generator for further expansion in this 
field. This machine is still being manufactured, and 
it is tragic that Skinner will not see it installed. A 
new and impressive building, the Chadwick Physics 
Laboratory, for teaching and research was completed 
recently under his guidance. 

Skinner was active in the work of the European 
Organization for Nuclear Research (CERN) and was 
the senior British consultant in the 600-MeV. synchro- 
cyclotron, project. He was chairman of the CERN 
Panel of the Department of Scientific and Industrial 
Research, concerned with British participation in 
CERN’S work, and served on the Nuclear Physics 
Sub-Committee. He remained keenly interested in 
atomic energy, and was a consultant to the Atomic 
Energy Authority and a member of the Nimrod 
Project Committee. The National Institute for 
Research in Nuclear Science has good reason to be 
grateful for his advice and help on numerous occasions, 
and he was an active and provocative member of 
several committees of the Institute. He brought his 
laboratory into the national Liquid Hydrogen Bubble 
Chamber project sponsored by several British 
universities. 

Herbert Skinner was devoted to physics and to 
physicists, and was generous with his time and 
energies. He hated red tape and sometimes alarmed 
administrators. Unconventional, persistent in argu- 
ment and often disconcerting in management, he 
was also sincere, gentle and kind to an extent not 
always understood by his critics. He and his wife 
Erna were generous in hospitality, and their home 
was often crowded with guests. The affairs of physi- 
cists are duller without him. 

T. Q. PICKAVANOE 
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Prof. Marcel Schein 


On February 20, at the height of his scientifie 
career, Marcel Schein died in Chicago, Ilinois. With 
him disappeared a most brilliant, able and imaginative 
scientist whose work is destined to leave an enduring 
mark in the physics of our century. 

Marcel Schein was born in Tresten, Czechoslovakia, 
on June 9, 1902. After studying in Prague, Vienna, 
Wiirtzburg and Zurich, he received a doctorate in 
physics at the University of Zurich in 1927. His 
first academic appointment was that of assistant in 
physica in that University. Between 1929 and 1930 
he spent a year in Chicago on a Rockefeller Fellow- 
ship. He then returned to Zurich as a docent, a 
position which he held until 1935, when he was 
appointed professor of physics at the University of ° 
Odessa. In 1938, Marcel Schein went to settle 
permanently in the United States, at the invitation 
of Prof. A. H. Compton. He joined the University 
of Chicago where he remained until his death, holding 
various positions until, in 1946, he was appointed 
professor in the Department of Physics and m the 
Institute of Nuclear Studies. In 1927, while in 
Zurich, he married the former Hilde Schoenbeck, 
who was working as a Ph.D. candidate in the Physics 
Department. From this marriage he had a son, 
Edgar, who is now on the faculty of the School of 
Industrial Management at the Massachusetts Institute 
of Technology. 

In the early years of his scientific career, Marcel 
Schem made some valuable contributions to the 
physics of X-rays. He is best known, however, for 
his work in cosmic rays, which he began after moving 
to Chicago in 1938. At that time it was known that 
the pri radiation consisted, at least to a large 
extent, of positively charged particles. The possibility 
that these particles might be protons had been 
suggested ; however, there was no direct experimental 
evidence to support this assumption. Indeed, the 
prevailing view was still that primary cosmic rays 
were for the most part positive and negative electrons. 
During 1938-41, Marcel Schein conducted æ series 
of balloon experiments in which he studied the 
physical properties of cosmic-ray particles in the 
highest layers of the atmosphere and was able to 
show that these particles did not behave in at all 
the way that high-energy electrons were known to 
behave. He concluded that electrons did not appear 
in any appreciable amount among primary cosmic 
rays, and that the incoming radiation consisted most 
likely of protons’. 

These experiments remain one of the milestones 
of cosmic-ray research. However, they were only 
the beginning of Marcel Schein’s work in this field 
of science. Soon his interest became focused on the 
most energetic particles present in the primary cosmic 
radiation and on the remarkable and unbelievably 
intricate processes that occur when these particles 
strike atomic nuclei. Marcel Schein was a pioneer in 
the study of nuclear interactions at energies far 
exceeding those provided by man-made machines. 
At the time of his death, he had just returned from an 
expedition to the Caribbean where, in an effort to 
extend further and improve the experimental data on 

igh-energy interactions, he had flown the largest 
stack of nuclear emulsions ever used in any experi- 
ment. This stack, which is now being processed, will 
undoubtedly contain invaluable date the analysis and 
interpretation of which will keep many physiciste 
busy for a number of years. 
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Marcel Schem was keenly interested in inter- 
national scientific collaboration. He travelled exten- 
sively in foreign countries, providing great stimulation 
through his lectures and his informal contacts with 
scientific workers. He participated most actively in 
practically all major international conferences dealing 
with subjects within his field of interest. His last 
experiment, which I mentioned before, was a truly 
international venture, with a large number of 
laboratories, both in the United States and abroad, 
participating im the analysis of the experimental 
results. 

Marcel Schem was, in many ways, a remarkable 
man. For him science was & passionate search for the 
new and the unknown, involving all his scientific 
skills, as well as his deepest emotions. His sharp 
mind, his keen intuition, his irresistible enthusiasm 
and his intense personality will be long remembered 
by his many friends, pupils, and professional associates 
in all parts of the world. Bruno Rossr 


A zohan Mi Jease, W. P., and Wollan, B. O., Phys. Rev., 69, 615 


Prof. G. P. Mazumdar 


Pror. G. P. Mazompar died suddenly on November 
21. He was born on February 18, 1894, at Go 
in the District of Pabna, North Bengal (now in East 
Pakistan), the third son of Kali Charan Mazumdar, 
a wealthy landlord and Zeminder of the district. 
After obtaining his B.Sc. at the University of 
Calcutta in 1913, he joined the teaching staff of the 
Botany Department, Presidency College, Calcutta. 
He later obtained his B.A. (1916) and M.Sc. in botany 
(1915), standing first in order of merit, and in 1917 
the B.L. degree from the same University. He was 
eventually appointed a professor of botany in the 
Bengal Educational Service in the Presidency 
College, Calcutta, and from 1928 became one of the 
postgraduate lecturers in botany at the University of 
Calcutta. In 1938 he went on study leave to England 
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Botany at Cambridge: Prof. G. E. Briggs, F.R.S. 


On September 30, Prof. G. E. Briggs will retire 
from the professorship of botany in the Univermty 
of Cambridge. Since he succeeded Prof. F. T. Brooks in 
1948, he has maintained the notably wide range of 
teaching and research in the Botany Schoo! and has 
fostered expansion in. several branches of the subject. 
The Department has flourished under his direction, 
and has benefited greatly from his example of easy 
friendlimess. As a physiologist he has always 
beheved in the value of a quantitative and critical 
approach both in teaching and research, and his 
lectures were planned not only to show this but also 
to indicate the weaknesses of many currently accepted 
generalizations. He is a brilliant teacher, and for 
thoge undergraduates and research students who 
could rise at least part-way towards his high 
standard, his lectures and supervision provided a 
never-to-be-forgotten education. His researches on 
enzyme kinetics, on growth and photosynthesis early 
brought him a world-wide reputation as a critical and 
original thinker. More recently he has entered a new 
field of research, the biophysics of the plant cell, and 
his success in this work has drawn to him a flourishing 
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to work on plant anatomy m the University of Leeds 
under the late Prof. J. H. Priestley and obtained the 
degree of Ph.D. in 1940. He retired from the Govern- 
ment service in 1949; but his services were goon 
requisitioned by the Government of West Bengal for 
the organization of honours teaching in botany ın the 
Government College, Darjeeling. In December 1951 
he was appomted professor of botany and head of 
the Biology Department, University of Dacca, in 
East Pakistan, and retred m October 1954. While 
in Pakistan, he acted as the chairman of the Commis- 
sion, of Courses of the Karachi University and pre- 
sided over the Section of Biology at the annual 
session of the Pakistan Association for the Advance- 
ment of Science in January 1955. In 1945 he presided 
over the Section of Botany at the thirty-second Indian 
Science Congress. He also presided over the Section 
of Technical Sciences at the All-India Oriental 
Conference some few years back. He was elected a 
Fellow of the Indian Academy of Sciences, Bangalore, 
and National Institute of Sciences of India (1945). 
He was for a long time connected with the Indian 
Association for the Cultivation of Science, now at 
Jadavpur, Calcutta, both as a member and a treasurer. 
He was also member of other Indian learned societies. 

Prof. Mazumdar published a large number of 
scientific papers in numerous journals throughout 
the world and several scientific Bengali primers, 
especially ın botany. His writings for children on 
scientific subjects and botany in Bengali have évoked 
admiration. He also dealt with botany in ancient 
India in several books and papers. His “YV ti” 
earned for him the Griffith Memorial Prize of the Uni- 
versity of Calcutta in 1925. His ““Upavana Binoda” 
(dealing with horticulture in ancient India) was 
published in 1938. He published other works on the 
history of botany. The Asiatic Society awarded 
him the P. Bruhl Memorial Medal in 1955 for hia 
outstanding researches in botany. 

R. M. Darra 
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group of research students. In 1952 he became 
president of St. John’s College, but hoe never allowed 
the duties of this post to curtail the time he gave to 
the Botany School. 


Prof. H. Godwin, F.R.S. 


De. H. Gopwry, reader in Quaternary research at 
Cambridge, who has been appointed to succeed Prof. 
Briggs, is known to a large number of former Cam- 
bridge students as an, able and enthusiastic teacher 
of botany at all levels. Outside Cambridge, he may 
be best known for his large book on the Quaternary 
history of the British vegetation. His first research 
was, in fact, in pure plant physiology with Dr. F. F. 
Blackman, but from early days the inspiration of 
A. G. Tansley led him to work at Wicken Fen and 
eventually ecology took up his whole time. Study of 
fluctuating water-level in the peat and of the effects 
of this and of cutting reeds on fen vegetation soon 
directed his attention to the history of this vegetation 
in the immediate past, and to actual in this 
locality rather than general seral development. 
Thus he naturally dug in the peat for visible plant 
remains, and was soon using the methods of pollen 
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analysis | worked out not long before by von Post ım 
Sweden.” He gradually developed his own blend of 
the study of pollen, other plant remains and local 
ecology. He has now a considerable and well-equipped 
research school. Latterly their work on the more 
recent peats have been telling such consistent stories 
that his school have pushed their studies back into 
the Late Glacial and muto the more extensive wilder- 
ness of the various Interglacials. 


Organic Chemistry In the University of New South 
Wales : Prof. S. J. Angyal 


THs newly created chair of organic chemistry in 
the University of New South Wales (formerly the 
New South Wales University of Technology) has 
been filled by the appointment of Dr. 8. J. Angyal, 
formerly associate professor in the University. Prof. 
Angyal was educated in Hungary and migrated to 
Australia at the beginning of the War. As lecturer 
in the University of Sydney, he carried out research 
on the Sommelet reaction. In 1952, as Nuffield 
Dominion Travelling Follow, he spent a year in Sir 
Alexander Todd’s laboratory in Cambridge. He was 
visiting professor in the University of California in 
Borkeley in 1957. In the following year he was 
awarded the H. G. Smith Memorial Medal by the 
Royal Australian Chemical Institute. Prof. Angyal 
takes great interest in stereochemistry, and has made 
importént contributions to the chemistry of the 
inositols. At present he is engaged in work on the 
application of conformational analysis to carbo- 


hydrate chemistry. 


Radio Research in Britain: Dr. J. A. Saxton 


Dr. J. A. Saxron has been appointed deputy 
director of the Radio Research Station, Slough 
(Department of Scientific and Industrial Research), 
in the grade of deputy chief scientific officer. This 
appointment is opportune, as he will serve for a 
period of six months under the present director, Dr. 
R. L. Smith-Rose, before the latter is succeeded by 
Mr. J. A. Ratcliffe on October 1 (see Nature, February 
6, p. 353). Dr. Saxton joined the scientific staff of 
the Radio Division of the National Physical Labor- 
atory in 1938, and has been responsible for carrying 
out a considerable programme of research in the 
propagation of very short radio waves over the ground 
and through the troposphere. He has studied the elec- 
trical properties of gases, water vapour, and water, 
at very high radio-frequencies, and applied the 
results to an understanding of the refraction of radio 
waves transmitted through the lower atmosphere. 
During 1945, and again in 1950, he was seconded to 
the United Kingdom Scientific Mission in Washington, 
for liaison duties in radio physics and engineering ; 
and he has made extensive visits in the United States 
and Canada in connexion with research in radio wave 
propagation and allied problems. He has been an 
official delegate of the United Kingdom at meetings 
of the International Scientific Radio Union (U0.R.8.1.) 
and the International Radio Consultative Committee 
(C.C.I.R.) in London, Geneva, The Hague, Boulder 
(Colorado) and Los Angeles. Dr. Saxton has attended 
senior staff courses at the Administrative Staff College, 
Henley, and at Peterhouse College, Cambridge. For 
the past five years. he has been a senior principal 
scientific officer, and head of a division of the Radio 
Research Station, and so is well qualified and experi- 
aes for the new post of deputy director of the 

tation. 
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Atoms for Peace Awards for 1959 and 1960 


Drs. Lao Szmarp, professor of biophysics in the 
University of Chicago, and Eugene P. Wigner, 
Thomas B. Jones professor of mathematical physics, 
Princeton University, are to share the 1959 Atoms 
for Peace Award ; and Dr. Walter H. Zinn, formerly 
director of the Argonne National Laboratory, and 
now vice-president of Combustion Engineering, Inc., 
and Dr. Alvin M. Weinberg, director of the Oak Ridge 
National Laboratory, will will tharo the 1960 Award. All 
heve been active in the development of nuclear 
reactors. Each will receive a gold medallion and will 
share equally in the combined honorarium of 150,000 
dollars. The Awards will be presented at a ceremony 
to be held at the National Academy of Sciences, 
Washington, D.C., on May 18. In making the 
announcement, Dr. James R. Killian, jun., chairman 
of the Trustees of Atoms for Peace Awards, said: 

“The Trustees believe the development of the 
nuclear reactor is one of the great advances in man’s 
capability for using atomic energy for peaceful pur- 
poses. It gives the world a new source of energy with 
which to meet the growing requirements of modern 
society for power to run its machines. As @ source of 
radioisotopes, it is now providing science and industry 
with new possibilities in research and control, as wall 
as with new products. The transformation of a highly 
complex, theoretical concept of 1939 to the multitude 
of reactors operating to-day in research and in 
commercial establishments 1 is a major achievement of 
modern science and eering. The men who are 
selected for recognition by this Award have been 
leaders in that transformation. Dr. Szilard and 
Dr. Wigner, both working in the area of nuclear 
physics, were early advocates of a concerted effort to 
study the possibilities of nuclear chain reactions. 
Their interest and concern resulted in the well-known 
letter of the late Albert Einstein to President Roose- 
velt which noted that “the element uranium may be 
turned into a new and important source of energy in 
the immediate future’. These two men held an 
influential place in the work which resulted in the 
first nuclear chain reaction and in the subsequent 
applications of that significant development. Dr. 
Zinn and Dr. Weinberg participated in the early work 
and have continued to make important contributions 
in the field of reactor design and in the administration 
of research and development efforts in this area.” 

The Atoms for Peace Award was established as a 
memorial to Henry Ford and his son, Edsel, in 
response to President Eisenhower’s 1955 appeal at 
Geneva for international efforts to develop nuclear 
energy for peaceful purposes. It is granted “solely 
on the basis of the merit of contribution, wherever 
found in the world and without regard for nationality 
or politics”. 


Ballistic Missile Early Warning Station at Fyling- 
dales Moor 


Tum debate in the House of Commons on March 26 
on Mr. T. Driberg’s motion that to establish a ballistic 
missile early warning station on Fylingdales Moor is 
contrary to the spirit of the National Parks and 
Access to the Countryside Act, 1949, is chiefly of 
interest for the reply of the Under-Secretary of State 
for Air, Mr. W. J. Taylor. Mr. Driberg argued that 
unless the National Parks Commission was consulted 
in advance, consultation meant nothing, and he also 
alleged that some scientific opinion held that the 
station could not be equipped with a system of radar 
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detection capable of identifying ballistic missiles with 
certainty. Mr. Taylor repeated the assurance given 
by the Secretary of State for Air on March 3 that no 
alternative area was available in Britain and said there 
was to be very full discussion of the detailed proposals 
between representatives of the Am Ministry, the 
National Parks Commussion and the Council for the 
Preservation of Rural England, and while the siting 
of the radars themselves could not be modified, he 
hoped that by careful choiee of design and attention 
to landscaping details, the appearance of the com- 
pleted station should be such that the disturbance 
to the natural landscape would be generally accept- 
able. On the certainty of detection, Mr. Taylor said 
that the opmion quoted was not sustained by the 
advice of the distinguished scientists who had advised 
the Government on the project and that in the view 
of those scientists the system would work. He was 
informed that there was no difficulty in distingui 
between ballistic missiles and artificial satellites and 
that the possibility of confusion between a missile 
trajectory and an ionization trail was so remote that 
for practical purposes ıt could be ignored. ‘The 
Government was satisfied that this system of radar 
detection was capable of identifying ballistic missiles 
with very great precision and, moreover, the station 
was complementary to other methods of obtaining 
information about hostile intentions and provided 
the last stage of tactical warning. 


Development of Ballistic Missiles 


On April 13 the Minister of Defence, Mr. H. Watkin- 
son, in the House of Commons, and the First Lord of 
the Admiralty, Lord Carrington, in the House of 
Lords, announced that the Government has been 
considering the future of the project for developing 
the long-range ballistic missile Blue Streak and has 
been in touch with the Australian Government about 
it. The vulnerability of missiles launched from static 
sites, and the practicability of launching missiles of 
considerable range from mobile platforms have now 
been established, and in the light of miltary advice, 
the Government has concluded, and the Australan 
Government has fully accepted, that Britain should 
not continue to develop, as @ military weapon, a 
‘missile that could be launched only from a fixed site. 
Fhe Government is now considering whether the 
Blue Streak programme can be adapted for the 
development of a launcher for space satellites, and a 
further statement will be made as soon as possible. 
There are many other projects for which the range at 
Woomera will be needed, and a substantial programme 
of work for that range for some years to come at least 
is 6 ; 
In reply to further questions Mr. Watkinson said 
that the cost of the project to date has been about 
£65 million and that of completing it would be 
between £500 and £600 million. None of the expendi- 
ture would be wasted if it was decided to go ahead 
with Blue Streak as a launcher for a space satellite. 
The Americans are investing an immense sum of 
money in space research, both for its military and its 
scientific and industrial value, and at present Britain 
could only get into space by the American offer to 
launch British satellites. Blue Streak, in conjunction 
with Black Knight, which bas a record of firings 
practically 100 per cent perfect, is a possible space 
launching-vehicle, and this combination may give 
us experience of the utmost military and scientific 
value. 
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New Nature Reserve in Scotland 


StrRaTHY Boc, an area of 120 acres in the County 
of Sutherland, has been declared a nature reserve by 
the Nature Conservancy; this brings the total 
number of national nature reserves in Scotland to 24 
with a total area of 101,809 acres. The new reserve 
is the least-disturbed part of a vast area of bogland 
which covers the flat or gently undulating moorlands 
of this district. The ground is extremely wet, with 
standing water in the pools throughout the year, and 
Sphagnum moss is prominent in the vegetation, giving 
@ generally spongy surface. In a rich assemblage of 
bog-plants there are cotton-grasses, sundews, bog 
asphodel, dwarf birch and bearberry. The area shows 
certain unusual structural features. Part of the Bog 
is covered with elongated pools lying parallel to each 
other, giving the impression that the surface has torn 
repeatedly under tension caused by the rather fluid 
mass of underlying peat tending gradually to slide 
down-hill. Such bogs may thus eventually break up 
and dry out even when unaffected by human 
disturbance. 

The Nature Conservancy also announces additions 
to the nature reserve at Rannoch Moor. Tho 
original area was 3,485 acres in the north-east 
corner of the Moor of Rannoch. The new area 
comprises 200 acres covering a stretch of Loch Laidon 
and a small area of 19 acres at the southern end of 
the existing reserve. e 


International Communications and  Scjentific 


Journals 


Wrru the rapid growth of new journals the problem 
of presenting these journals in a form which will make 
their contents available to readers in other countries 
bacomes more and more acute. To help English- 
speaking peoples, an increasing number of editors 
in countries Oversea are preparing copies of their 
journals translated into English. Although this 
practice is highly commendable from the point of 
view of English-speaking readers, the journals often 
fail to make the impact they might because of the 
inadequacies of the translation. It is extremely 
difficult to translate the highly technical language of 
one country into that of another, and, unless special 
precautions are taken, a translation may produce 
effects which are not quite what the original research 
worker had intended. Recent English versions of 
journals which emanated from France, Czechoslovakia 
and Japan all indicate that the translations have been 
carried out by natives of those countries who ‘know 
English well’. Before publication they would have 
been well advised to submit their publications to 
English-speaking men of science who also have a 
good working knowledge of the foreign language 
concerned. In this way the circulation value of their 
journals would be considerably enhanced, and many 
ludicrous statements would be eliminated. Another 
solution to what is admittedly a most difficult 
problem might be greater use of an auxiliary language 
like Interlingua or Esperanto. A world-wide con- 
ference to discuss the matter could be of benefit to 
men of science everywhere. 


Abstracting Sclentific Information 


THE Review of the International Council of 
Scientific Unions for July 1969 contains an article 
by Prof. E. A. Boutry, secretary of the International 
Council of Scientific Unions Abstracting Board, 
describing the work of the Board, its story, ideas, 
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methods and aims, which merits wide reading by 
scientific workers. Prof. Boutry points out that 
owing to the rapid increase of the bulk of published 
scientific information, the probability that printing a 
paper in a periodical will suffice to ensure that the 
scientific information it contains will reach the 
appropriate scientific worker has steadily decreased in 
recent decades and is likely to continue doing so, nor 
have editors of abstracting periodicals any certain 
means of procuring all the literature they should 
review or learning of its existence. Needless re- 
petition and duplication hamper the work of 
abstracting periodicals and no mechanical or auto- 
matic methods can improve the quality of the 
literature published or reviewed, or reduce useless 
duplication. Looking to the future, Prof. Boutry 
makes various proposals. Authors, he suggests, 
should voluntarily accept and comply with certain 
rules in writing their manuscripts. Particularly he 
advocates submission with the paper of an author’s 
abstracts in two versions, one of which should be 
written in English or French, composed in accordance 
with the “Guide for the Preparation and Publication 
of Synopses” (Unesco). He also deprecates publica- 
tion of incomplete and incorrect “Letters to the 
Editor”. Editors are asked to agree voluntarily to 
see that these practices are followed and to waive 
copyright in respect of such abstracts for members 
of the Board, while national committees of science 
and national scientific societies are asked to help in 
tracking and listing serial or non-periodical pub- 
lications in their countries and to discourage excessive 
printing of non-periodical publications. 


Carnegie Trust for the Universities of Scotland 


Tue fifty-eighth annual report of the Carnegie 
Trust for the Universities of Scotland covers the 
year ended September 30, 1959, in which investment 
policy has absorbed an exceptional amount of the 
time of the Executive Committee (pp. ii+73. 
Edinburgh: Carnegie Trust for the Universities of 
Scotland, 1960). The new investment policy has 
substantially improved the income of the Trust, which 
reached a record high level of £176,564 in consequence. 
The largest single payment was £33,000 to the Univer- 
sity of Glasgow towards the cost of the new arts 
building, while Edinburgh received £20,000 towards 
the cost of its new Staff Club. During the year there 
were on the books two Fellows, three genior scholars 
and 68 scholars of whom 30 were new appointments, 
and annual expenditure on the research scheme 
reached a record level of nearly £27,000. Counting 
mathematics and geography as arts subjects, forty 
of the awards were in arts and thirty-three in science ; 
and 22 of the latter were to chemists, including 
biochemists. Under the new regulations, which 
discouraged applications from students benefiting 
from the improvement of local authority bursaries in 
1957, while the number of beneficiaries fell from 
1,430 in 1957-58 to 568 in 1958-59, the average pay- 
ment per beneficiary rose from less than £15 to £30 
and the total expenditure on fees only fell from 
£21,500 to just over £17,000. Appendixes to the 
report include the memorandum of evidence submitted 
to the Anderson Committee on Grants to Students 
and the usual reports on the work of Fellows and 
Scholars and on research grants other than travel 
grants as well as e list of publications since September 
30, 1958, by Fellows, Scholars and recipients of grants. 
It is noted that three out of the six scholars who have 
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completed their third year of work in chemistry have 
undertaken post-graduate research in the United 
States or Canada, but that information suggests that 
at least half such British research graduates in 
chemistry eventually return. Assistance given to the 
Scottish Dictionaries Joint Council was consolidated 
into an annual grant of £5,000 until 1963 and assis- 
tance to Scottish learned societies towards the cost 
of publications has been restricted to the present 
level of £2,500 per annums 


Instrument Abstracts 


A USEFUL journal for all who work with instruments 
is compiled by the British Scientific Instrument 
Research Agsociation (No. 1, Vol. 1, January 15, 
1960). It contains details of a wide range of pub- 
lications in instrument technology with abstracte of 
many of them. Besides a general section there are 
sub-sections on astronomy, atomic physics, biology 
and medicine, chemistry, control, data handling, elec- 
tricity, electronics, fluid mechanics, geophysics and 
meteorology, heat, light, magnetism and electro- 
magnetism, materials and design, mechanics, naviga- 
tion, sound, surveying, and telecommunications. The 
publications listed have been taken from many 
countries including France, Germany, Holland, 
United States and the U.8.8.R. Instrument Absiracts 
is published monthly by Taylor and Francis, Lid., 
Red Lion Court, Fleet Street, London, E.C.4. The 
annual subscription is £4. 


U.S.S.R. and the International Geophysical Year 


A SERIES of publications concerning various activi- 
ties in the U.S.S.R. during the International Geo- 
physical Year has been issued. Included are: 
a classified bibliography of 616 items covering all 
branches of activities in the U.8.8.R. during the 
International Geophysical Year (“Bibliographical 
Index of Literature in Russian o for 1958.” 
Pp. 68. Moscow: Publ. Acad. Sci. U.S.S.R.); a 
report on thirteen fulfilled plans of observatione, 
four reports and some articles dealing with geophysical 
researches carried out with rockets in the United 
States (Information Bulletin No. 7. Pp. 114. Mos- 
cow: Publ. Acad. 8ci. U.8.8.R.); a collection of 
twelve articles dealing with geomagnetism and 
ionosphere investigations (““Magneto-Ionosphere Dis- 
turbances”. Pp. 75. Moscow: Publ. Acad. Bci. 
U.S.S.R.). In each case the text is in Russian ; 
however, there is also a contents in English. 


Russian for Sclentists 


A very slender pamphlet by Prof. J. W. Perry, 
entitled ‘‘Scientific Russian Without Tears”, has 
been issued recently. Unfortunately it is far too short 
to be of much value to & novice and far too elementary 
for an advanced student of the Russian language 
(pp. ii +26. (Reprinted from The Chemical Bulletin.) 
(Chicago: Chicago Section, American Chemical 
Society, Inc., 1959.) 1 dollar). Its only possible use 
is as an auxiliary to a normal dictionary in the case 
of a scientist trying to read Russian scientific litera- 
ture, but in this case a dictionary of scientific terms 
would obviously be better. It is “Without Tears’ 
for the simple reason that the majority of words 
included are international, for example, atom, 
vector, canal, parameter, etc., and only a knowledge 
of the Cyrillic alphabet is necessary to read them in 
Russian. A novice who is struggling with the intri- 
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cate cases and tenses of the Russian language and 
cannot ask for a glass of water is invited to read 
sentences like “rubber similar to isoprene and other 
unsaturated hydrocarbons takes up bromine”. The 
examples given in this book are mainly from the field 
of chemistry and physics. Scientists should not 
content themselves with only picking up a scientific 
jargon. Unless they know the fundamentals of the 
language they may misread a scientific article rather 
than read it. Once theyehave mastered ordinary 
Russian, the only additional book they will need is a 
suitable dictionary. 


Films and Film Strips in Teaching 


Tum steady success of the educational films and 
film-strips produced by Gaumont—British Instruc- 
tional Films, Ltd., now called Rank Precision Indus- 
tries, Ltd., was due to clear recognition that they 
could never be more than aids to learning. The place 
of the teacher was accepted as paramount and all 
films and film-strips produced were deliberately 
designed to support the teacher rather than supplant 
him. As a result of this policy, Rank Precision 
Industries, Ltd., is now recognized as a valuable 
partner by the "teaching profession in providing a 
wide range of both still and moving films. The latest 
film catalogue describes more than, six hundred films 
in their separate categories with information about 
their content, running-time, suggested age-group, 
classification and hire- and purchage-prices. Besides 
films produced by Gaumont British Instructional, 
details are given of films produced by Encyclopedia 
Britannica Films, United World Films, and other 
organizations. In the film-strip catalogue more than 
three hundred strips are listed under eighteen subject 
categories ; many of the films are in colour. Both 
catalogues are attractively produced and can be 
obtained from the Gaumont-British Film Library, 
Aintree Road, Perivale, Middlesex. 


‘Araldite’ In Aircraft Research Models 


For aerodynamic research, model aircraft of great 
accuracy and strength are required. A paper, pub- 
lished for the Royal Aircraft Establishment, Bedford, 
by the Ministry of Supply as Technical Note No. 
A.D.W.6, describes the making of models with shells 
consisting of ‘Araldite’ glasscloth laminate. It in- 
cludes the results of bending tests on ‘Araldite’ 
glasscloth panels performed by the Royal Aircraft 
Establishment, Bedford. These tests show properties 
of laminates made with various ‘Araldite’ resins, 
glasscloth reinforcements and fillers. ‘Araldite’ epoxy 
resins, manufactured by Ciba (A.R.L.), Ltd., are 
extensively used in industry as adhesives, and for 
casting, laminating, tooling and surface coating. 
They were chosen by the Royal Aurcraft Establish- 
ment, Bedford, for model-making because with 
glasscloth they give laminates with a very high 
strength/weight ratio. Several models of each type 
were required and the cold-laminating technique 
used resulted in these models being identical and of 
great dimensional accuracy. It is @ feature of 
‘Araldite’ epoxy resins that they cure with negligible 
shrinkage. A description of ‘Araldite’ and the uses 
to which it has been put at Bedford has been given 
by E. J. R. Thomas, of the Wood and Plastics 
Department (Ciba (A.R.L.), Ltd. Technical Notes 


No. 206 (February 1960): Model-Making with 
‘Araldite’. Pp. 12. Duxford: Ciba (A.R.L.), Ltd., 
1960). 
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Measurement of Wind Speeds near a Tornado 


AN observation has been made of the speed of 
debris particles whirling round a tornado funnel from 
enlargements of the separate pictures of a cme film. 
The maximum value was 212 m.p.h. The observation 
was made in a tornado which struck Dallas, Texas, 
on April 2, 1957. On enlargement of the film at the 
Kansas City Research Unit of the U.S. Weather 
Bureau it proved possible to identify individual 
particles of debris whirling round the tornado and 
compute their tracks and speeds. The observations 
are reported in the October 1959 issue of the Monthly 
Weather Review. 


The Neolithic Revolution 


RECENTLY, & British Museum (Natural History) 
publication entitled “The Neolithic Revolution” has 
appeared (Pp. vi+60-+18 plates. London: British 
Museum (Natural History), 1959. 6s.). The author, 
Soma Cole, is well known for her work on certain 
aspects of African i . The discovery by 
early man of the possıbilities of agriculture and the 
breeding of animals in captivity produced profound 
changes not only in his well-bemg, but also in hus 
outlook on life. This neolithic revolution necessitated 
communal life, and for the first time man had to live 
close to his fellow man—not always an easy matter. 
Food could now be stored and a much larger popula- 
tion could survive. It is not too much to say that 
we can describe the prehistoric folk prior to these 
discoveries as our forerunners, those that come after 
them as our early ancestors. This well-illustrated 
work discusses such problems as the origins of grain 
cultivation, the domestication of anumals—that is to 
say, breeding in captivity, not merely taming; flint 
mining and forest clearance ; transport—particularly 
necessary when a further stage in civilization was 
reached, and the village developed into the town; 
crafts and buildings. 


Fishery Research Training Grants 


THe Development Commissioners have announced 
that, in association with the of Agriculture, 
Fisheries and Food and the Scottish Home Depart- 
ment, they will award postgraduate training grante 
in fishery research tenable from October 1. These 
training grants are intended to enable selected 
candidates to undergo a specified course of training to 
fit them for the investigation of problems in marine 
or freshwater science. Candidates must be British 
subjects and should be graduates with honours in 
science of a British university or possess equivalent 
qualifications. The value of the awards will be 
£420-£270 per annum depending on where the 
research training is carried out. Further information 
can be obtained from the Secretary, Development 
Commission, 3, Dean’s Yard, Westminster, London, 
8.W.1. Applications should reach the Commissioners 
on or before May 20. 


The British Textile Institute 


Tua Textile Institute celebrates its golden jubilee 
this year, and in its awareness of the importance of 
science in the textile industry the theme of the 
annual conference will be “Fibre Science”. The meet- 
ing will be held m London during May 30—June 3. The 
conference will be opened by Sir Harry Melville, who 
will speak on the impact of modern chemistry on 
industry in general. Other speakers will include 
Prof. J. B. Speakman (University of Leeds), Prof. 


No 4722 April 30, 1960 


M. J. Lighthill (Royal Aurcraft Establishment, Farn- 
borough), the Rt. Hon. Douglas P. T. Jay, M.P., Prof. 
D. T. Jack (University of Durham), Prof. W. T. 
Astbury (University of Leeds), Prof. R. Meredith 
(Royal College of Science and Technology, Glasgow), 
Prof. R. Nicholson (Royal College of Art), Prof. Janey 
Ironside (Royal College of Art) and Sir Walter Puckey 
(chairman, Automation Consultants and Associates, 
Ltd , and of Management Selection, Ltd.). Further 
information can be obtained from the Golden Jubilee 
Conference Organizer, Textile Institute, 10 Black- 
friars Street, Manchester 3. 


Advisory Committee on Scientific Work of the 
Infestation Control Laboratory 


Tne Minister of Agriculture, Fisheries and Food 
has appointed the following committee to advise and 
report annually on the programme of experimental 
and research work of the Infestation Control Labor- 
atory of the Ministry: Prof. J. B. Cragg, professor 
of zoology in the University of Durham (chairman) ; 
Mr. H. R. Hewer, reader in zoology, Imperial College 
of Science and Technology; Dr. T. Moran, director 
of research for the Research Association of British 
Flour Millers, 8t. Albans, Herts; Mr. F. Rayns, 
director of the Norfolk Agricultural Station, Sprow- 
ston, Norwich; Prof. H. G. Sanders, chief scientific 
adviser (agriculture), Ministry of Agriculture, Fish- 
eries “and Food; Prof. V. C. Wynne-Edwards, 
professor of natural history, University of Aberdeen. 
The secretary of the Committee is Miss Y. Larthe. 
Assessors to the Committee are: Mr. A. S. Fortune, 
chief inspector, Department of Agriculture for Scot- 
land; Dr. R. A. E. Galley, director of the Tropical 
Products Institute, Department of Scientific and 
Industrial Research ; Mr. G. Y. B. Herford, director 
of the Pest Infestation Laboratory, Slough, Bucks ; 
Mr. Q. Œ. Samuel, Agricultural Research Council ; 
Dr. E. B. Worthington, deputy director-general 
(scientific), Nature Conservancy. 


Announcements 


H.M. Tan QUEEN has conferred the Order of Merit 
on Sir Cyril Hinshelwood, Dr. Lee’s professor of 
chemistry in the University of Oxford and president 
of the Royal Society. Lord Radnor, chairman of the 
Forestry Commission since 1952, bas been appointed 
a knight of the Order of the Garter. 


Dr. Ricwarp O. RoBLIN, vice-president for ein 
and development of the American Cyanamid 
pany, who is known for his work on sclphediasiie 
and sulphamerazine, has been elected president and 
director of the Cyanamid European Research In- 
stitute in Geneva; Dr. Mario Scalera, assistant to 
the general manager of the Central Research Division 
of Cyanamid, has been elected a vice-president of the 
Institute. The Institute, which last year acquired 
eight and a balf acres of land for its laboratories in 
Geneva’s Cologny section, will be devoted to long- 
range, basic research in the chemical and related 
fields. 


Tue Trustees of the Rockefeller Foundation have 
authorized a grant of 30,000 dollars to the Marine 
Biological Association of the United Kingdom for 
the purchase of research equipment for use in the 
Plymouth laboratory. 


Toe Latin American school of physics is to be 
held this year at the Centro Brasileiro de Pesquisas 
Fisicas, under the auspices of Conselho Nacional de 
Pesquisas do Brasil, Academia Brasileira de Ciências, 
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Campanha de Aperfeigoamento de Pessoal de Nivel 
Superior, Pan American Union and Unesco, during 
June 27-August 7. Further information can be 
obtamed from J. Leite Lopes, Centro Brasileiro de 
Pesquisas Fisicas, Av. Wenceslau Braz, 71 Rio de 
Janeiro, Brazil. 


Taa thirtieth annual report of the University 
Research Committee, University of Birmingham, 
gives a summary of departmental research progress 
during the academic year 1958-59. Liste of papers 
published during the year and of titles of those 
approved for higher degrees during the period are 
mecluded in each departmental report, arranged 
alphabetically by authors (pp. 123. Birmingham : 
The University, 1960), A selected list of general 
works and further writings by members of the 
University staff is appended, arranged under faculties. 


Tse International Atomic Energy Agency is 
issumg a world list of institutions concerned with 
atomic energy (Gen./Pub. No. 3). The list is bemg 
issued at irregular intervals as a series of publications ; 
each publication covering a Member State of the 
Agency. The list is intended to facilitate the 
exchange of information on nuclear energy between 
scientists, engineers, research workers and administra- 
tors in Member States. Copies can be obtained from 
the Scientific and Technical Information Division, 
aiT Atomic Energy Agency, Kärntner Ring, 

ienna. 


AN international conference on Powder Metallurgy 
is to be held at the Hotel Beltmore, New York City, 
during June 13-15. Further information can be 
obtained from Mr. Kempton H. Roll, Metal Powder 
Industries Federation, 60 East 42nd Street, New 
York 19. 


THE sixth Commonwealth Mycological Conference 
will be held during July 15—22 at the London School 
of Hygiene and Tropical Medicme, Keppel Street, 
London, W.C.1. Further information can be obtained 
from the Director, Commonwealth Mycological In- 
stitute, Ferry Lano, Kew, Surrey. 


Tue thirteenth symposium in biology at the 
Brookhaven National Laboratory on Protein Struc- 
ture and Function will be held during June 6-8. ` 
Further information can be obtained from Dr. D. E. 
Koshland, jun., Department of Biology, Brookhaven 
National Laboratory, Upton, L.I., New York. 


THE second annual conference of the British Com- 
puter Society, Ltd., is being held during July 4-7 at 
the Sun Pavilion, Harrogate, Yorkshire. Further 
information can be obtained from Miss D. E. Pilling, 
Electronic Computing Laboratory, The University, 
Leeds 2. 

Tars year the Charité (Faculty of Medicine), Hum- 
boldt University, Berlin, celebrates its 250th anniver- 
sary, and functions will be held in conjunction 
with the 150th anniversary of the University. Further 
information can be obtained from Dr. Dagobert 
Miller, secretary of the Committee for Preparations 
of the 250th anniversary of the Charité, Berlm, N.4, 
Schumannstrasse 20-21. 


ERRATUM. In announcmg the award of the J. 
Lawrence Smith Medal of the U.S. Academy of 
Sciences to Dr. E. J. Opik (see Nature, April 23, 
p. 280), it was stated that Dr. Opik is director of the 
Armagh Observatory; he is, ın fact, a research 
associate of the Observatory, the director of which is 
Dr. E. M. Lindsay. 
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THE NATIONAL SCIENCE FOUNDATION, WASHINGTON 


8 in last year’s report, rather more than half the 
ninth annual report of the (U.8.) National 
Science Foundation*, covering the year 1959, is occu- 
pied by appendixes listing the members of the National 
Science Board, its staff, committees and advisory 
panels, the grants for basic research and other pur- 
poses, grants for the International Geophysical Year 
programme, fellowship awards and publications, 
together with the financial report. About a quarter 
of the remainder deals with the re- -appraisal and 
re-organization of the status of science in the United 
States, 1958-59, including a brief account of the 
_ two reports, “Strengthening American Science” and 
“Education for the Age of Science’”’, coming from the 
President’s Science Advisory Committee. This 
section, and the Chairman’s foreword and the 
Director’s statement, are discussed separately (see 
p. 341 of this issue); the remaming parts of the 
report, which review the activities of the Founda- 
tion itself, are reviewed here. 

The significant increase in the support given by the 
Foundation to basic research in. the United States from 
25 million dollars in 1958 to almost 65 million dollars 
in 1959, should be noted first; this includes some 
15-5 million dollars for research facilities, of which 
12-3 million dollars were in support of facilities in 
mathematical, physical and engineering sciences. 
Support in the biological and medical sciences covers 
a wide range in developmental and environmental 
biology, systematic and regulatory biology. In 
genetic biology it is directed towards elucidating the 
nature of genetic material, the laws governing the 
transmission. of hereditary traits, and the mechanisms 
controllimg and determining the expression of heredi- 
tary characters; in metabolic biology, towards the 
mechanisms of protein synthesis and growth and 
specific metabolic factors which inhibit growth; in 
molecular biology, towards the investigation of the 
structure, synthesis and reactivity of peptides and 
proteins ; and in psycho-biology, to the support of 
quantitative techniques in physiological and experi- 
mental psychology as these develop from mathematics 
and mathematical statistics. 

In mathematical, physical and engineering sciences, 
a new programme for atmospheric sciences was 
established, under which the weather modification 
programme is now handled. Grants in chemistry 
were chiefly in organic and physical chemistry, 
while in the Earth sciences, support for oceanography 
was increased. In the engineering sciences, special 
reference is made to two grants in plasma dynamics, 
while the physics programme continued to place 
major emphasis on high-energy physics, particularly 
cosmic rays, and increasing attention was given to 
low-temperature research. Many of the facilities 
of the National Radio Astronomy Observatory are 
now approaching completion or actually in operation, 
and construction of the Kitt Peak National Observa- 
tory was started in 1959, where besides a 36-in. and 
an 84-in. reflector for stellar observations, it is 
proposed to instal a solar telescope with a parabolic 


* National Science Foundation. Ninth Annual Report for the 
Fiseal Year ended June $0, 1959. Pp. xvil+274 (12 plates). (Wash- 
ington, D.C.: Government Printing Office, 1960.) 1 dollar. 


mirror 60 in. in diameter and a focal length of 
300 ft. 

An. Office of Social Sciences was established during 
the year to support research and related activities 
in social science disciplines, for which grants during 
the year totalled 853,000 dollars, including anthro- 
pological sciences, sociological sciences, economic 
sciences and the history and philosophy of science. 
The Antarctic Research Programme, which received 
2-3 million dollars, is supported on a geographical 
basis and an interdepartmental committee has been 
set up by the Foundation to examine proposals and 
programmes of the various agencies and the 
broad programme suggested by the Committee 
on Polar Research of the U.S. National Academy 
of Sciences. 

Among the significant research developments of 
the year to which the report directs attention are the 
sunspot photographs obtained with the Stratoscope I 
12-in. balloon-borne solar telescope; the resolution 
of the galactic nucleus Sagittarius A with the new 
85-ft. Tatel radio-telescope at Greenbank,. Weet 
Virginia ; the use of a new technique of testing for 
perception of visual depth to throw light on native 
and learned factors in the perception of distance ; 
the synthesis of a pituitary hormone of 13 amino- 
acids linked in a specific sequence resembling adreno- 
corticotrophic hormone in structure; the identifica- 
tion of a catalytic factor from blood which can trans- 
form 1,000-10,000 times its own weight of soluble 
fibrin into the insoluble form; the discovery of a 
molluse thought to be extinct for nearly 300 million 
years; the establishment of migrations of Sequoia 
from tropical swamps 60 million years ago through 
adaptation to drier and cooler climates; and the 
development of a tetrahedral anvil which can generate 
pressures up to 100,000 atm. at 3,000° C. 

During the year the Foundation sponsored and 
provided partial support for 41 scientific conferences 
and symposia and awarded 419 grants, totalling 
330,000 dollars, to enable scientists to attend inter- 
national meetings. Fellowship awards totalled 
3,937, amounting to about 13-1 million dollars, and 
with those assisted under the research grants pro- 
gramme, the number of scientists assisted during the 
year was about 6,000. Of the fellowships, 965 were 
in the biological and medical sciences, 2,857 in the 
physical sciences (chemistry, 730 ; geological sciences, 
195; engineering sciences, 658; mathematical 
sciences, 689; physics, 663), and 59 in the social 
sciences. Of the total, 1,100 were pre-doctoral, 
194 post-doctoral and 83 senior post-doctoral; 302 
science faculty fellowships were awarded for improv- 
ing the quality of science teaching, as well as 628 
summer fellowships to secondary school teachers of 
science and mathematica, 580 summer fellowships for 
graduate teaching assistants, and 1,050 co-operative 
graduate fellowships of 2,200 dollars for 12 months. 
The plans for improving the quality of science teach- 
ing by assisting teachers in secondary schools to 
extend their knowledge of science and of new develop- 
ments comprise four main programmes on which 
33-25 million dollars were expended in 1959. The 
summer institutes programme provided stipends to 
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20,000 participants. Besides teachers m secondary 
schools and colleges attending 348 ‘courses’ varying in 
length from 4 to 12 weeks, 515 teachers and super- 
visors ın elementary schools received training in 12 


summer schools ; technical school personnel were pro- - 


vided for in two experimental summer programmes 
and 546 college teachers of science and mathematics 
attended 20 summer conferences dealing with special 
fields of science and mathematics. Under the 
Academic Year Institute programme, providing a 
year’s study in science and mathematics for secondary 
school teachers, awards were made to 32 colleges and 
universities, and it is estimated that the 1959-60 
programme will support more than 1,500 teachers ; 
while opportunities for further study in out-of-school 
hours will be provided to about 9,000 secondary 
school. teachers under the In-Service Institutes 
programme. Spesial projects in science education 
on which nearly 9 million dollars was expended 
cover visits of scientista to secondary schools, the 
provision of a travelling science library of carefully 
selected books for high achools, a travelling science 
demonstration lecture programme for secondary 
schools and support for summer training of secondary 
school students. The State Academies of Science, 
the College Programme and Teacher Improvement 
Programmes provide for visita by scientists, and 
foster the participation of undergraduates in research, 
supplegnentary training for science teachers and eight 
special field institutes covering advanced training in 
highly specialized subjects. On the Course Content 
Improvement Programme, & further 6 million dollars 
was expended on projects in elementary and secondary 
schools and in colleges ; this included supplementary 
teaching aids such as films and television. Activities 
under the International Science Education Pro- 
gramme initiated during the year include the improve- 
ment of science curricula and the training of 
teachers and also measures to assist scionee students 
and scientists to engage in international educational 
programmes 

The Scientific Man-Power Programme, on which 
780,000 dollars was expended in 1959, besides main- 
taining the National Register of Scientific and Technical 
Personnel, initiated surveys of scientific and technical 
employment in private industry and State Govern- 
ments, of scientific and technical personnel in colleges 
and universities, and of scientists and engineera in 
Federal Government employment engaged in research, 
and pilot studies of the demand for scientists and 
engineers in several industries. Reports were completed 
on the knowledge of foreign languages of American 
scientists in 1954-55, on scientists and engineers in 
American industry in January 1957, and on employ- 
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ment and other characteristics of American scientific 
man-power during 1954-55. The measurement and 
appraisal of the national research and development 


. effort is a major responsibility of the Foundation, and 


its Office of Special Studies has now completed its 
surveys of the year 1953-54; its present programme 
of statistical surveys proposes a detailed survey of 
each sector every four or five years, summary data 
only being collected m the intervening years. During 
the year, a survey was mgde of expenditure on scient- 
ific research and development in the fiscal years 19658, 
1959 and 1960, and a survey of scientific research 
and development expenditure and man-power in 
colleges and universities during 1957-58 is now 
being conducted, following the publication of the 
report on the 1953-54 survey. 

During the year, further responsibilities for 
improving the availability of research information to 
scientists were assigned to the Foundation by the 
National Defense Education Act, 1958, and accord- 
ingly the Office of Science Information Service and 
the Federal Advisory Committee on Scientific 
Information have been established. For the dis- 
semination of scientific information, 146 grants 
totalling 3-8 mullion dollars were made for such 
purposes as documentation research, the international 
exchange of scientific information, the support of 
scientific publications and information services and 
the dissemination of unpublished research informa- 
tion such as unpublished Government research 
reports. Studies of the flow of information among 
scientists and of the scientific activity of chemists 
were completed during the year and five mechanical 
translation projects are at present supported, as 
well as the effort of 38 professional societies and 
academic institutions m providing translations of 
35 Russian scientific and technical periodicals and 
18 books and monographs. A Foreign Technical 
Information Centre has been established in the 
Office of Technical Services of the Department 
of Commerce, where scientific and technical transla- 
tions prepared by Government agencies are collected, 
and their availability is announced. Support of 
scientific publications covered the issue of Physical 
Review Letters, an experiment in rapid low-cost 
publication of short, up-to-the-minute articles on 
physical research, support for the Journal of Geo- 
physical Research and a grant to enable Biological 
Abstracts to extend its coverage; while grants in 
support of information services include one to the 
Bio-Sciences Information Exchange, administered 
by the Smithsonian Institution, and continued 
support to the Office of Critical Tables of the U.S. 
National Academy of Sciences. 


THE PUBLIC AND THE BROADCASTING PROGRAMMES IN BRITAIN 


HE British Broadcasting Corporation has issued 
@ report on an-inguiry carried out at the end of 
1958 by its Audience Research Department*. Its 
first chapter describes the public and the facilities 
which are available for listening and viewing, com- 


. British Broadcasting Corporation, The Pubho and the Pro- 

Saad an Audience Research Report on Listeners and Viewers, 
be time they devote to listening and viewing, the Servicea they 
tronixe, their Selectivensas and their Tastes. "Pp. 71. (London 
ritish Broadcasting Corporation, 1959.) as 


paring the public which depends solely on sound 
broadcasting with that which has television as well, 
and also contrasting viewers who can receive B.B.C. 
television only, with those who can also receive 
Independent television. The following three chapters 
deal successively with listening in the evening, 
viewing in the evening and listening in the day-time, 
contrasting the amount of listening or viewing, the 
selectiveness of listeners or viewers and the dis- 
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tribution of their patronage. A fifth chapter dis- 
cusses the tastes of listenera and viewers as they 
emerge when people have a chance to express their 
views in respect of a range of categories of pro- 
gramme output, and includes a comparison of the 
tastes of men and women of different age groups and 
different educational levele. Each chapter ends with 
a summary of its main findings, but a concluding 
section of the report entitled “Highlights and 
Reflections” attempts to vigw the results as a whole. 

At the present time there are three distinct publics. 
The first, “Band 1/3’, which can receive both B.B.C. 
and Independent television and also sound broad- 
casting (now about half the population), is gradually 
swallowing up the other two: ‘Band 1’, which can 
receive B.B.C. television and sound (now about 
20 per cent), and the ‘sound only’, which cannot 
receive television (now about 30 per cent). About 
15 per cent had very high frequency receivers, and 
three-quarters of these are in television homes. The 
‘sound only’ public is somewhat older and of a 
slightly higher educational level than the ‘sound 
and television’ public, and on average families in this 
group are a good deal smaller than ‘sound and 
television’ families. The ‘Band l’ public also was 
somewhat older and of a rather higher educational 
_ standard than the “Band 1/3’ public. 

The typical viewer watches television in winter for 
approaching two hours each evening, and this means 
that at peak hours not far short of half the adult 
population is watching television. The typical 
listener has his radio on for not much more than 
half an hour a night and will usually be doing some- 
thing else at the same time. In television homes 
sound broadcasting is used very little in the evening, 
and after 6 p.m. it is catering primarily for people 
who have no television set. The vast majority of its 
day-time audiences, particularly in the early morning 
period and on Sundays, consists of people who have 
television sete. The inquiry showed that most people 
exercised their opportunity to choose between dif- 
ferent programme services; those who did so, both 
viewers and listeners, outnumbering single-service 
loyalists by about two to one; but those who 
settled for one service were by no means homogeneous 
in either choice or tastes. There was an abnormally 
high proportion of discriminating listeners among 
those who limit their listening to the Home Service, 


AUTOMATION AND ITS 


HE mental health problems of automation were 
examined recently by a World Health Organiza- 
tion study group (Study Group on the Mental Health 
Problems of Automation. (World Health Organiza- 
tion Report, Series No, 183.) Pp. 30. Geneva: 
W.H.O. ; London: H.M. Stationery Office, 1959). It 
is not automation in the form of automatic co-ordina- 
tion of machine tools on production lines, nor m the 
form of automatic control over manuf 
processes, that is liable to bring about the most 
revolutionary changes in mechanized work, but the 
rapid and automatic processing of an in range 
of technical and business information by the elec- 
tronic digital computer. 
Emotional reactions to automation range from 
unreasonable hopes of a rapid rise in living standards 
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and an abnormally high proportion of discriminating 
viewers among those who, though they could view 
Independent television, rarely did so. 

A relation was noted between the amount of time 


. people devote to listening or viewing and the services 


they patronize. The more time @ person spends in 
listening the greater the proportion of that time he is 
likely to give to the Light Programme; simularly, 
the more he views, the greater is likely to be the 
proportion of his time spent in viewing Independent 
television. The inquiry showed that the less a person- 
listens or views the more likely he is to be selective, 
and the more selective he is, the more likely he ıs to 
prefer the kinds of programme characteristic of the 
Home Service and the B.B.C. television than of the 
Light Programme and Independent television. Again, 
the older a listener is, the less likely he is to enjoy 
feature films, crime series, or westerns. Sex 1s 
sometimes predictive, women being more likely than 
men to be ‘heavy’ consumers of both sound and 
television in the evening. Science features on tele- 
vision, ranging sixteenth out of eighteen categories 
in popularity with the public, were not unpopular 
with men but were unpopular with women and most 
unpopular with viewers over sixty. Their popularity 
increases with each step up the educational level, 
and most often the individual’s behaviour, attitudes 
and tastes tend to be associated with the age when 
his full-time education ceased, and/or ‘occupgtional 
status’, frequently reinforced by information about 
the newspapers he reads. Again and again the report 
demonstrates that the higher the individual’s cultural 
level, the less he tends to listen or view, the more 
likely he is to be selective and to take an interest in 
serious types of programmes. Whatever measure of 
‘cultural level’ is used, the population appears as a 
sharply tapering pyramid, and, accordingly, the more 
a type of broadcasting output or service depends for 
its custom upon people who have enjoyed cultural 
advantages or want something more than the un- 
demanding relaxation, the more numerically restricted 
its audience is likely to be. So far as science is con- 
cerned the inquiry indicates that nearly all effective 
viewing is on B.B.C. television and hence anything 
that prejudices B.B.C. television as Inde- 
pendent television would be liable to prejudice the 
use of television in the presentation of science to the 
public. 


HUMAN REPERCUSSIONS >>; 


to fears of upheavals in conditions of employment 
and of difficulty in adaptation to the new machines. 
These reactions are of an anticipatory nature and are 
not based on actual experience. In the meantime, 
workers in automated unde are already 
suffering from physiological and psychological 
strain. 

Because of its nature, automated work may have 
psychological consequences: for example, if the 
manual activity of a worker who has been accustomed 
to assess his work on the basis of his physical effort 
is reduced, he will feel himself less useful and suffer 
from a sense of inadequacy; if contact with the 
machine or with the object on which he is working is 
eliminated or reduced, he will see his task in a more 
abstract form and this may lead to anxiety; if his 
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responsibility i is increased his job may become more 
of a strain. 

What kind of strains are ımposed upon the worker ? 
First, there is the nervous strain caused by the need 
of unremitting attention to signals of varying per- 
ceptability, often separated by long intervals. The 
less the physical activity of such a worker and the 
greater the number of indicators to be watched, the 
more the nervous tension to which he will be exposed. 

In these circumstances particular importance will be 
* attached to working conditions, such as temperature, 
sound-proofing, lightmg, and the position of the 
operator and the machines. By preventing the 
operator from communicating with others, automated 
work tends to isolate him both physically and 
mentally. This feelmg of isolation may be heightened 
by the background noise made by the machines. 

In addition to its direct effects upon the workers’ 
mental health, automation will undoubtedly have 
indirect social consequences. Families may, for 
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example, be affected by the increased mobility of 
labour. The most serious difficulties indirectly 
affecting mental health are, however, liable to arise 
in connexion with the organization of the work itself.’ 
If automation calls for more shift work (as appears 
likely), this will certainly be opposed by the workers 
and their families. 

Automation may provide certain satisfactions ; 
for example, in an entirely automated plant, each 
operator becomes more or less his own master; the 
gap lessens between the factory worker and the office 
worker, and changes of occupation in middle age 
should be easier. 

Efforts to mitigate the harmful effecta of auto- 
mation on mental health should be based on informa- 
tion and education. Education will be all the more 
effective if it is directed primarily towards those in 
key positions, that is to say, managers, engineers, 
trade-union leaders and the medical profession, 
particularly works doctors. 


EMPLOYMENT OF WOMEN IN BRITAIN 


HE Institute of Personnel Management has pub- 

lished under the title “Working Wives” a survey 
of fests and opinions concerning the gainful employ- 
ment of married women in Britain carried out in 
co-operation with Mass Observation, Ltd., by Viola 
kein during the autumn months of 1957, when out 
of 12,820,000 married women in Great Britain nearly 
4 million were gainfully employed (Occasional Papers, 
No. 15. Pp. 63. London: Institute of Personnel 
Management, 1960. 7s. 6d.). Thus, m about one out 
of every three households the wife contributes by 
her earnings to the family income, but the apparent 
steep rise in the employment of married women since 
1951 is due to the Population Census seriously under- 
rating the number of married women in employment, 
particularly part-time. The outstanding impression 
gained by the survey is that women’s lives to-day 
are dominated as much as ever by their role—actual 
or expected—as wives and mothers, and all other 
occupations are subordinated to their responsibility 
for home and family. The growth in the number of 
married women going out to work is due to the 
smaller size of their families and the general reduction 
in housework through the modernization of house- 
hold techniques, combined with a striving to improve 
their standards of livmg. It is not widely assumed 
that married women should have jobs, although 


among the more highly educated single women in 
the sample nearly one third wished to continue their 
careers after marriage ; this is nearly double the per- 
centage in the next occupational group of women will- 
ing to continue in employment not merely temporary. 
The taking up of employment by married women . 
appears to result from unforeseen though not unfore- 
seeable circumstances, and men appear to be less con- 
servative in their outlook in these matters than they 
are usually assumed to be. 

Slightly more than one half the married women 
in employment have part-time jobs, which may be 
in the region of 4-30 hr. per week. The sample also 
showed that two-thirds of the women in part-time 
employment are engaged in unskilled or semi-skilled 
work, and that shorthand typing is the occupation 
least likely to offer any scope for the married woman 
who wishes to supplement her income by part-time 
employment. In some smaller occupational groups, 
such as teachers, nurses, social workers, a shortage 
of trained staff has opened the doors to part-time 
employees, and though the problems involved have 
not yet received the attention they deserve, more 
opportunities may well be offered here in the future 
for married women to combine a career with having a 
family. Women, in fact, it is concluded, are an essential 
and distinctive part of our man-power resources. 


EXPLORATIONS OF THE GALAPAGOS ISLANDS 


HE Galápagos Islands have recently attracted 

widespread attention as a result of the Darwin 
centenary and the measures at present being taken 
to preserve and study their flora and fauna. The 
Galápagos Islands have been one of the principal 
fields of endeavour of the California Academy of 
Sciences since its first expedition there during 1905-6, 
and its collections from the archipelago are unsur- 
passed. It is therefore appropriate that the Academy 
should publish a short history of the islands by 
the late Joseph Richard Slevin, for more than fifty- 


three years associated with ita Department of 
Herpetology, and a member of the original expedi- 
tion, who for half a century mamtained an active 
interest in the islands and published a number of 
scientific and popular papers about them (Occasional 
Papers of the California, Academy of Sciences. No. 25: 
The Galápagos Islands: a History of their Explora- 
tion. By Joseph Richard Slevin. Pp. x+150. San 
Francisco: California Academy of Sciences, 1959). 
This publication gives a description of the islands, 
their geology, climate, and fauna, but it is mainly 
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concerned with their history. An immense amount 
of literary research has gone into it, and the author 
has ransacked the archives of America and Europe 
to bring together the information that he has skilfully 
welded into a fascinating account of the islands from 
their discovery to the present day. He has consulted 
the original log-books of the early explorers, official 
reports from naval officers of many nationalities 
engaged on surveying, and the letters and logs of 
whalers and tortoise-oil hunters. There can be few 
records of visits to the islands that he has not seen, 


THE AUSTRALIAN DEFENCE 


HE annual report of the Defence Standards 
Laboratories of the Department of Supply, Aus- 
tralian Defence Scientific Service, for the year ended 
June 30 1959, the staff of which numbered 621 at the 
end of the year, compared with 637 at July 1, 1958, 
includes lista of senior and professional staff, papers 
published, and committees on which the Laboratories’ 
staff have served*. The Laboratories, besides pro- 
viding a scientific advisory service to those concerned 
with development, manufacture, inspecting, procure- 
ment, storage and use of defence material, have a 
recognized function of research, both in relation to 
their scientific advisory function and in advising and 
assisting the defence services on the development of 
* new and improved materials, methods and equipment. 
The range of the Laboratories’ activities may be 
illustrated by mentioning a few of the investigations 
on which some notes are given in the report. 
In chemistry these mclude studies of the pore 
structure and other physical characteristics of brown 


* Commonwealth of Australia. Annual Report of the Defence 
Standards Laboratories for the year ended 30th June, 1959. Pp. 
iv+%5. (Afaribyrnong, Vle.: Defence Standards Laboratories, 1959.) 
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and his illustrations range from reproductions of 
Cowley’s drawings made in 1684 to photographs of 
many interesting nineteenth-century ships that 
worked there, and of living giant tortoises and of the 
devastation of broken carapaces left by the oil 
hunters. The paper concludes with a notice of all 
the scientific expeditions that have been at the 
Galápagos, sections on the giant tortoises and the 
preservation of the fauna, and a select bibliography. 
Slevin could have wished for no better monument. 
L. HARRISON MATTHEWS 


STANDARDS LABORATORIES 


coal and copra charcoals, the oxidation of phosphorus 
in the decomposition of cast iron by acid, determina- 
tion of minute amounts of ammonia by Nessler’s 
reagent and of small amounts of tin, and of the 
dyeing of textiles. In metallurgy the study of 
chromium and chromium base high-temperature 
alloys continued, as well as of the production of pure 
chromium, the processing, properties and structure 
of chromium and chromium alloys and also on 
titanium alloys. In physics, further experience was 
gained in the technique of electron spin resonance, 
the use of X-ray diffraction in studying the structural 
changes in the ageing of titanium—chromium alloys, 
and on the stabilization of a.c.-line voltages. <A 
stable electric arc was developed, and further work 
carried out on precise load measurement and the 
determination of gamma-ray source strengths. Mis- 
cellaneous work included improvements in electro- 
photography such as improved particulate photo- 
conductor coatings of acceptance to charge on the 
surface, uniformity, sensitivity and spectral re- 
sponse, and the study of thin selenium films for 
xerography. 


- (HETEROGENEITY OF LECITHINS LABELLED WITH PHOSPHORUS-32 


By Dr. F. D. COLLINS 
Biochemistry Department, University of Melbourne 


INCE the first use of phosphorus-32 in 19371! for 

the study of phospholipid metabolism an immense 
amount of work has been done using this isotope ; 
but in every case the results have been limited by the 
analytical methods used to separate the very compli- 
cated mixture of naturally occurring phospholipids. 
In the early work, for example, lecithin was isolated 
as the ethanol-soluble material, but this was far from 
pure. In more recent years the use of chromatography 
on alumina?” or silicic acid? has yielded lecithins 
which analysed correctly in that the molar ratio of 
phosphorus : choline : fatty acid plus fatty aldehyde 
was equal to 1:1:2. In addition mild alkaline hydro- 
lysis‘t, of lecithin has been shown to yield glyceryl- 
phosphoryl—choline, which could be isolated and 
purified by paper chromatography. The use of these 
procedures enabled the mean specific radioactivity 
to be determined but took no account of the possible 
effects of the different fatty acids and fatty aldehydes 


that were present. Because of the absence of methods 
for fractionating the lecithins it has had to be assumed 
that any variation between lecithins was not large 
enough to invalidate comparisons of the specific 
radioactivities between the leoithins and other 
phospholipids. The following experiment shows that 
quite large variations in specific radioactivity can 
exist between different lecithins. 

A rat (310 gm.) was injected intravenously with 
0-8 me. of labelled sodium dihydrogen phosphate in 
0:1 M sodium chloride and 0:001 M sodium dihydro- 
gen phosphate and killed after 90 min. The liver 
lipids were extracted, dinitrophenylated and methyl- 
ated as described by me’, and then divided at 
— 18° into an acetone-soluble and an -insoluble 
fraction. The acetone-insoluble materials were free 
of dinitrophenyl-containing lipids, and counter- 
current distribution (120 transfers) in carbon tetra- 
chlioride—chloroform-—methylenes chloride—methanol— 
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water (25:16:10: 40:10 by volume) showed that 
lecithin (partition coefficient = 0-20) constituted 
81 per cent of this fraction. The contents of the tubes 
confsining the lecithin (mean specific radioactivity 
1,750 counts/min./umole) were combined and redis- 
tributed (120 transfers) in carbon tetrachloride— 
methanol—water (62 : 35:3-15 by volume) and the 
distribution. obtained is shown. in Fig. 1. 

The theoretical distribution of 76 umoles of a pure 
material with a partition coefficient of 1-15 is shown, 
and it will be seen that the experimental curve is 
broader and lower than that which would be expected 
for & pure compound. The curve for the radioactivity 
is skew, and the plot of the specific radioactivity 
shows a stepwise curve increasing in the more polar 
direction; the mean specific radioactivity is 1,690 
counts/min./umole but varied between 600 and 3,250 
counts/min./umole. 

The lecithins were divided into three fractions 
obtained by combining the contents of the tubes as 
shown in Table 1. Each fraction was submitted to 
mild alkaline hydrolysist* and the water-soluble 
products subjected to paper chromatography in 
phenol—water (saturated). In each case a phosphate 
spot was detected’ with an Ry of 0:90-0:95 which 
corresponded to glyceryl-phogphoryl—choline. The 
spot. was cut out, extracted with water and the 
specific radioactivity of the phosphorus determined. 
The ether-soluble material remaining after the mild 


Table 1. COUNTERR-CURRBNY DISTRIBUTION OF LEOrTHIN 


Afte: distribution in carbon tetrachloride-~moathanol—water the contents 
of the tubes shown below were combined and analysed 
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alkaline hydrolysis was further hydrolysed by heating 
with N potassium hydroxide in ethanol for 1 hr. 
The unsaponifiable material was extracted with 
diethyl ether from the alkaline digest and discarded. 
The mixture was then acidified and the fatty acids 
extracted with diethyl ether. The uptake of hydrogen 
of the fatty acids in the presence of a platinum 
catalyst was measured as an indication of the degree 
of unsaturation with the results shown in Table 1. 

There was close afreement between the specific 
radioactivity measured on the intact lecithin and the 
isolated glyceryl—-phosphoryl-choline. Fraction B 
was more unsaturated than A but unfortunately 
there was insufficient material for the examination of 
fraction O. Synthetic dimyristoyl lecithin had a 
partition coefficient of 0-9 in carbon tetrachloride- 
methanol-water while the mid-pointe -of fractions 
A, B and O correspond with partition coefficients of — 
0-85, 1-22 and 1-73 respectively. These results 
indicate that the saturated fatty acids predominate 
on the non-polar side of the distribution and the 
unsaturated ones on the more polar portion. - Thus 
one can conclude that lecithins containing the more 
unsaturated fatty acids exchange more rapidly with 
imorganic-phosphate. 

A preparation of a mixture of phosphatidyl 
ethanolamine and phosphatidyl serine (after dinitro- 
phenylation and methylation) from the same animal 
as that used for the lecithin referred to above showed 
a similar skew distribution of radioactivity both in 
carbon tetrachloride-methanol—water (62 : 35:3:15 by 
volume) and in petroleum ether (b.p. 110-120°)+ 
methanol. The specific radioactivity ranged from 
10,600 to 16,500 counts/min./zmole phosphorus with 
the highest values on the more polar side of the distri- 
bution. The fatty acids were not examined and in 
this instance there was about 80 per cent phosphatidyl 
ethanolamine and 20 per cent phosphatidyl] serine, 
but previous work bad shown that there is little or 
no separation of these two phospholipids in the solvent 
system used. In spite of these limitations it is very 
likely that this skew distribution is also due to the 
partial segregation of phospholipids with differing 
fatty acid compositions. 

The two examples given here show & range of 
specific radioactivity but their means still differ 
significantly. However, in other cases the results 
may not be go clear cut and some of the conclusions 
reached by the use of radiophosphorus may have to 
be revised. It will be necessary to fractionate each 
phospholipid in order to study the correlation between 
fatty acid composition and the turnover of the lipid- 
phosphorus. 

Chromatography on silicic acid can be used’ but 
counter-current distribution of the purified phospho- 
lipids provides a means in which the separations can. 
be precisely controlled. 

I am indebted to Dr. K. W. Zimmermann, Com- 
monwealth Scientific and Industrial Research Organ- 
ization, Melbourne, for the determination of hydrogen 
uptake of the fatty acids. 
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MECHANISM OF THE GASTRIC SECRETION OF 
HYDROGEN IONS 


By Pror. SPYRIDON G. A. ALIVISATOS 
Mount Siną Medical Research Foundation and Hospital, Chicago Medical School 


HE experimental work and theories proposed 

for the formation of hydrochloric acid in the 
stomach were reviewed by Heinz and Obrink!?. 
Secretion of gastric acid appears to be dependent on 
aerobic metabolic processes; but glycolysis may 
also contribute to a small extent. The probable 
participation of various enzyme systems in the acid- 
producing mechanism was also discussed’. Such 
systems would eventually couple with the above- 
mentioned ‘energy-ylelding processes. Of the two 
ionic species involved, both the hydrogen and the 
.chloride ions seem to be actively secreted, but the 


. latter cannot be responsible for the essential part of 


acid formation ,*, Recently, Heinz and Durbin’ 
accumulated more evidence for the existence of an 
independent ‘hydrogen ion pump’ in the stomach 
mucosa. However, at present there is no enzyme 
system that could be identified with any degree of 
certainty with this ‘pump’. 

The stimulating effect of histamine on the gastric 
This 
effect is independent of the nervous system and, 
most probably, is due to a direct action of the drug 
upon the parietal cells of the gastric mucosa’. A 
steady concentration of histamine should be main- 
tained in the body in order to achieve a steady state 
of elevated secretion of acid in the stomach (references 
in ref. 1). 

Diphosphopyridine nucleotide (coenzyme I), which 
ig an ‘onium’-bearing compound, may undergo in 
the presence of a suitable enzyme‘ either hydrolysis 
or imidazolysis of its nicotinamide-ribose bond’. 
Both these processes are accompanied by the hbera- 
tion of a hydrogen ion. The latter is, in a sense, 
forcibly ejected during the reaction, since both enzy- 
mic processes, namely, hydrolysis and imidazolysis, 
occur at neutrality, while protonation of either 
nicotinamide or the imidazolytic products of coenzyme 
I (for example, the histamine dinucleotide’) occurs 
at much lower pH values (for a thermodynamic 
evaluation of this question see ref. 9). 

S-adenosyl-methionine, a sulphonium-bearing com- 
pound, may also undergo imidazolysis, as inferred 
from the in vivo work of Schayer et al. (referencea in 
ref. 10), a preliminary report of Brown et al. and 
our unpublished studies (S. G. A. Alivisatos eë al., in 
preparation). 

The above-mentioned observations led recently 
to the hypothesis that the immediate mechanism for 
hydrogen ion production in the stomach mucosa may 
involve the degradation of an ‘onium’ structure 
similar to that present in coenzyme I or in 8-adenosyl- 
methionine. Hydrolysis or, alternatively, histamino- 
lysis (imidazolysis) of thia structure would yield the 
necessary hydrogen ions (Fig. 1). In view of the 
relatively large quantities of hydrogen ions secreted 
in the stomach, these processes should be reversible, 
provided that the required energy from aerobic or 
glycolytic metabolic sources would be available. 


Overall reversibility, however, would undoubtedly 
involve different routes. In general, restoration of 
the ‘onium’ structure would probably proceed through 
phosphorolytic pathways involving nucleoside bri- 
phosphates (Fig. 1). In addition, while direct reversi- 
bility in hydrolysis would be very unlikely, imidazo- 
lysis could possibly be to a limited extent reversible, 
depending on the pK’ value for the protonation of the 
unidazolytic product and on the pH range of activity 
of the enzyme(s). Such ‘direct’ reversibility could, 
perhaps, explain anomalies of ‘back-diffusion’ of 
hydrogen ions observed in _ histamine-stimulated. 
stomach pouches (references in ref. 1). 

According to this hypothesis, the stimulatory 
effect of histamine in gastric sscretion would be due 
to its higher affinity, as compared to the affinity 
of water, for the enzyme-substrate intermediate. 
This would be in accord with the observation “that, 
at neutrality, histaminolysis of coenzyme I pre- 
dominates and proceeds to quantitative yields when 
the ratio of this imidazole to water is about one to 
50 (ref. 12). By analogy with the intracellular distri- 
bution of the diphosphopyridine nucleotidase of rabbit 

erythrocytes", the enzyme(s) catalysing the reaction(s) 
postulated above may reside in the mucosal 
(secretory) side of the membrane of those cells of the 
stomach mucosa that are responsible for the hydrogen 
ion secretion (probably the parietal cells ; however, 
see ref. 1). 

The previously mentioned necessity of a steady 
histamine concentration in the body fluids as a pre- 
requisite for a steady elevation of the hydrochloric 
acid secretion-rate in the stomach! pointed towards a 
perhaps small but continuous ‘leak’ of the hypotheti- 
cal imidazolytic product. Accordingly, my first 
experimental approach was a trial to atudy the fate 
of histamine in the isolated stomach. It was hoped 
that this might lead to conclusions with respect to 
the nature of the postulated ‘onium’-bearing structure. 
For this purpose, stomachs of white mice were excised 
and washed as described by Davenport et al.. A 
glucose-containing Krebs-Henseleit type saline also 
described by Davenport! was used, after gassing 
with oxygen, for the washings and as an incubation 
medium. The washed stomachs were filled with this 
saline (‘stomach contents’, approximately 0-7 ml. per 
stomach) and both cardiac and pyloric ends were 
tied with silk thread. The hquid-inflated stomachs 
wore then incubated at 37° C. with shaking, immersed 
in saline" (‘nutrient medium’, approximately 8-0 ml. 
per stomach). Throughout the incubation period of 
60-90 min., a continuous stream of oxygen was 
bubbled through the ‘nutrient medium’. In prelimin- 
ary experiments it was found that under these condi- 
tions mice stomachs would produce about 3-7 pequiv. 
of acid per ml. per hr. When 2(ring) carbon-14- 
labelled histamine was included in the ‘stomach 
contents’ (4:0 moles per ml.; 4:75 cures per mole) 
acid production rose over that of the control (hista- 
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Table 1. FRACTIONATION SCHAME AND DISTRIBUTION OF RADIOACTIVITY IN FRACTIONS OBTAINED FROM STOMACHS AND INTESTINES OF 
EXPERIMENTAL ANIMALS AFTER tn vuro INCUBATION WITH A 2(RING) CARBON-14-LABELLED HISTAMINE CONTAINING BALINE 


Specimen I. Incubation medium 


1. Water 


. Stomachs, mouse 
A Stomachs, mouse 
? Stomachs, mouse 


: Intestines, mouse 
. Intestines, fog 


water : ethanol: ether (1: Me 25) 


Tai 





II. Organ contenta (inoluding organ walls) 


{a} Material soluble (b) Material insoluble in 
water ethanol: ether (1:1 . 28) 


1. 0-2 N HOI fraction*® 
40 


Each experiment romprid 4-5 stomachs or intestines. The figues represon per cent counts per min. of those originally added. Total 


radioactivity recovered in 


mine omitted) by about 30-50 per cent. Mouse 
intestinal fragments (ileum) were excised, washed and 
utilized in a similar manner. In experiments with 
frogs (Rana pipiens and Bufo bufo bufo) the saline 
was diluted with water to 2/3 and incubations were 
carried out at room temperature. Frog stomachs 
(only the mucosal layers) were prepared as described 
by Davies**. Frog intestinal fragments (muscularis 
included) were prepared as above. At the end of the 
incubation, the ‘nutrient medium’ was acidified with 
0-1 N hydrochloric acid to pH 2:0, while the liquid- 
inflated stomach (or intestine) was dropped in a 
mortar containing a dry-ice ether mixture. Three 
minutes later the ether was removed by decantation 
and kept aside, while the solid-frozen organ was 
pulverized with a pestle. A volume of ethanol equal 
to the volume of the ‘contents’ was then added to the 
moist powder and mixed. Afterwards, the previously 
used ether was recombined slowly under continuous 
stirring and the mixture was centrifuged at 1 5 x 
109g for 15 min., in the cold. The supernatant 
(water : alcohol : ether = 1:1: 25) was evaporated 
to dryness under reduced pressure and the residue 
was extracted as indicated in Table 1 (a). The pre- 
cipitate of this centrifugation (Table 1 (b)) was further 
extracted with 0-2 N hydrochloric acid. Attempts 
to solubilize the remaining residue by more drastic 
means have been, up to now, unsuccessful. Table 
1 indicates the percentage radioactivity present 
in the various fractions. Evidently a considerable 
portion (5-6 per cent) of the total radioactive material 
penetrated through the stomach walls from the 
‘contents’ towards the ‘nutrient medium’ (Nos. 1 and 
2, Table 1). This material differed considerably in 
its migratory properties from histamine (1, Table 2). 
In experiments with frog stomachs (mucosal layer) 
and intestinal fragments (mouse or frog) increased 
physical porosity of the wall, often identifiable during 
the , contributed to the passage of larger 
quantities of unaltered histamine. This was also the 
case in a few experiments with mouse stomachs 
(Nos. 3—8, Table 1). 

The various fractions of Table 1 were separately 
condensed to a small volume and used in paper 
chromatographic!!! -19 and paper ionographic’,,13 
studies. Results from an experiment with mouse 
stomachs are summarized in Table 2. They are 
expressed in terms of relative movements with 
respect to histamine. The migratory properties of 
ea few imidazole derivatives are also included in 
Table 2. In general, durmg incubation with the 
stomach, a number of histamine derivatives were 
formed. In some instances as many as five distinct 
radioactive peaks could thus be registered (ITa,, 


each experiment was about 95 per cent (mean value 
* The insoluble realdue that could not be extracted with water (Fraction 


bs) was not tested for radioactivity. 


System B, Table 2). Although some.of these peaks 
could represent artefacts formed during the fractions- 
tion procedures, notable differences observed between 
the products formed in the stomach and those in the 
intestine (not included in Table 2) strongly support 
the view that most of those peaks correspond to. 
bona fide catabolic changes of the histamine molecule. 
Unchanged histamine was also present in most of the r 
fractions, often representing the major peak (Table 2). 

Tonographic studies at pH values ranging from. 
3-0 to 9:0 showed that cationic groups were pre- 
dominant in almost every derivative. Many of these 
substances were devoid of any anionic group. How- 


Table 2 CHROMATOGRAPHIO AND IONOGRAPHICO PROPERTIES OF 


ISOTOPICALLY LABELLED SUBSTANCES PRESENT IN FEAOTIONS OB- e 


TAINED FROM MOUSE gee BY THA PROORDURM OUTLINED IN 
ABLE 1 


Fraction 
(see Table 1) 


Acetyl (aide ahain)- 
histamine 


i-Histidine 
Inudazale 


Imidazole-(4 or 5)- 
acetia acid 


N Page smerny: 


20%4-¢ }labelled 
A Fe L (Rr 


values) 





* A, m-propanol/0:05 MW acetic acid, 60/40 Ga ra B, n-butanol/ 
ethanol/cono. ammonia, 80/10/80 (ref, 1 17); dine/ 
water, 2/2/1 (xef. 18); D, pyridine T hse (tet of. 19). 
tions are volume per volume. Movements of the tances 
oro divided by the movement of histamine in the corresponding 

tem, end the ratios (relatave movements) are given in the table. 

ese relative movements may be con to Rp values by malti- 
plying by the Ry values of f hitam: given above, 

t E thet movements are expressed relativo to the movement of 
mat acre e migration of which towards the negative pole was always 

nm as 

t Italio Mea represent the major radioactive peak (up to 70 per 
cent of the total counts present in the fraction). 


propor- 
ous 8 


R Po Da Rron ® 
co + oa -m e w oor +H 
an 
~< imudazok NS magoyte 
Soe ey 
Phosphorelytic PathWbys J 
nvolvmg 


Nuclecaxte Triphosphates ? 


Fig. 1. Proposed mechanism of hydrogen lon production in the 

stomach mucosa. The postulated ‘omum’ structure could be an 

n part of either a relatively small molecule or a large ontity, 

bly a lipoprotein embedded ın the mosaic of the cell membrane 

mucosal or secretory end). A similar intracellular distribution 
could also apply for the enzyme 


ever, in a few instances anionic groups were present ; 
but at most pH values they were effectively balanced 
or overpowered by the cationic groups present in the 
molecule. A limited number of ionographic experi- 
ments at high pH values (pH 11-5-12-5) indicated 
that N(ring)-substituted histamine derivatives might 
be included among these substances. Only results 
from experiments at pH 3:5 have been included as an 
example in Table 2. Further identifications based on 
migratory properties and certain colour reactions 
(diazo reaction, ninhydrin, etc.) would only be 
tentative at this stage and are deferred until isolation 
of each of these products, now m progress in this 
laboratory. 

In conclusion, the experimental approach outlined 
above, namely incubation of isotopically labelled 
histamine in isolated stomachs and intestines of mice 
and frogs, led to the prelimmary separation of a few 
derivatives of histamine. Isolation and identifica- 
tion of these derivatives are now in progress. It is 
hoped that this might lead to recognition of the 
moiety (R, or R, of Fig 1) of the postulated substrate 
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implicated in the hydrogen ion secretion. However, 
it should be emphasized that even after positive 
identification of this imidazolytic product, the exact 
nature of the parent compound bearing the ‘onium’ 
structure (Fig. 1) would still remain uncertain. 
Different approaches now considered in this laboratory 
would be required to clarify this problem. 

I wish to thank my associate, Mrs. F. Ungar, as 
well as Messrs. D. Cohen and L. Lukacs, for their 
invaluable assistance in the performance of these 
experiments. This investigation was partly sup- 
ported by Grant No. #-2436 from the U.S. National 
Institutes of Health, Grant No. G-7644 from the 
National Science Foundation, Washington, D.C., 
and Grant No. P-241 of the American Cancer 
Society, Inc. 
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SIGNIFICANCE OF THE ‘EQUIVALENT REDOX POTENTIAL’ IN 
AQUEOUS SOLUTIONS UNDER IONIZING RADIATION 


By Dr. G. H. CARTLEDGE 
Chemistry Division, Oak Ridge National Laboratory, Tennessee 


N a recent paper’, Henderson, Lovering, Haines 

and Casey presented results which support the 
view of Dainton and Collinson? that an aqueous 
system exposed to ionizing radiation has a unique 
‘equivalent redox potential’ which is characteristic 
of the solvent. ‘This concept arose from Allen’s 
prior discussion of the fate of an added oxidation- 
reduction couple under irradiation’. The concept 
was criticized by Veselovsky*, who pointed out 
briefly that it neglects consideration of the kinetic 
factors involved. Reference made to work done by 
Clark in Oak Ridge National Laboratory®.* indicates 
that the kinetic factors still have not been adequately 
appreciated, though the experimental results of 
Henderson et al. appear to be entirely valid and con- 
stitute an excellent confirmation of the general idea. 

To discuss the equivalent redox potential requires 
careful discrimination as to the nature of the potential 


under consideration. The radiolytic radicals, for 
example, H and OH, are not in equilibrium with 
water, but are present at concentrations dependent 
upon the intensity of irradiation and the rates of their 
disappearance by various processes. If one knew 
the standard free energies of H and OH and their 
concentrations in the irradiated solution, one could 
calculate the e.m.f. of a cell corresponding to the 
overall reaction H + OH > H,O. Such an e.m.f. 
could be measured only if it were physically possible 
to have two electrodes, each acting reversibly with 
respect to one of the half-reactions alone. This 
e.m.f. would bear no relation to a single potential 
such as the equivalent redox potential is considered 
to be, however. To refer to a real and presumably 
measurable half-cell potential characteristic of the 
aqueous medium under irradiation presupposes the 
insertion of an inert conducting material for the 
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measurement of the potential. When this is done, 
however, the potential measured between the electrode 
and a reference electrode is a steady-state mixed 
potential, the value of which depends upon the 
kinetics of all processes, anodic and cathodio, occur- 
ring at the interphase between metal and solution’. 
The observed potential will depend upon electrode 
reactions by which the system is attempting to 
approach a state of chemical equilibrium while 
radicals are being continuously produced, and the 
rates of these processes are determined by kinetic 
parameters. Posey? has given a mathematical 
treatment of similar situations, which would be 
applicable here if the electrode processes were under 
activation control and the requisite data were 
available. 

The measurable, although irreversible, value of an 
electrode potential in an irradiated solution thus 
includes anything that affects the polarization of the 
electrode, such as the activation energies of the 
individual processes, which, in turn, depend in 
different ways upon the composition of the electrode 
and its surface state. Such effects were shown clearly 
by the experiments in this Laboratory and also in 
those cited by Veselovsky. The potential is affected 
also by the passage of different gases through the 
solution, or by addition of materials which react 
rapidly with one or the other of the active radicals 
proguced by radiolysis. Initial reaction-rates are 
chiefly interesting to radiation chemists in connexion 
with the determination of G values. These are 
necessarily complicated, however, by the fact that 
the radiolytic products may act both as oxidizing 
agents and as reducing agents in individual cases, 
and that the oxidation-reduction reactions may 
proceed through unstable intermediates. There are 
numerous competing processes, therefore, and an 
electrochemical treatment is scarcely possible, though 
transient potentials are conceivable which would still 
be determined by the particular mechanisms in 
operation and by the condition that the sum of all 
anodic currents at the electrode must equal the sum 
of all cathodic currents on open circuit. The kinetics 
of such processes has been determmed in certain 
cases*. The discussion which follows applies only to 
steady states. 

We may consider, first, the case in which the solu- 
tion contains no redox system other than radiolytic 
radicals themselves and their reaction products, at 
concentrations which may depend upon the type as 
well as the intensity of radiation. At an electrode, 
these reactants enter into electrode reactions in the 
futile attempt to approach equilibrium, the direction 
of change in each reaction being in accordance with 
the appropriate free energies. The electrode then 
takes a potential that is fixed uniquely by the kinetics 
of all cathodic and anodic processes occurring on it. 
Clerk’s measurements were made in a solution con- 
taining no redox couple foreign to the water and acid, 
other than trace impurities. With a platinized 
electrode in 0-10 N sulphuric acid at 85° under 
gamma radiation and exposed to air, the stable 
potential was found to be approximately 0-90 V. 
noble to a reversible hydrogen electrode in the same 
solution. The potential was shown to be quite 
different, however, when the solution was swept by 
hydrogen or nitrogen, or when smooth platmum or 
stamlees steel replaced the platinized electrode. 
In these measurements, the potential was determmed 
by electrode reactions of radiolytic products alone, 


and the value shifted rapidly upon application or 
removal of the gamma source. 

If, now, a redox system is added to the solution 
after the steady-state potential appropriate to radio- 
lytic products alone has been established, additional 
electrode processes become possible. Assume first 
that reactions of the added substances with radiolytic 
products occur only heterogeneously as electrode 
processes at the surface of the electrode. Dependmg 
upon. the value of the normal potential of the redox 
couple, the activity of its components in the solution 
and various kinetic parameters, these reactions will 
polarize the electrode either cathodicailly or anodically, 
the relative activities of the oxidized and reduced 
species changing correspondingly. Since radiolytic 
products are being formed continuously, however, 
no steady-state potential can be attained until net 
oxidation or reduction of the added components 
proceeds to the point that their potential at the same 
electrode equals the potential of the radiolytic pro- 
ducts alone under the prevailng experimental 
conditions. (This assumes that the processes at the 
electrode are kinetically independent.) Hence the 
observed potential should be independent of the 
system added, `so long as a true steady state is 
reached. Unless the H° value of the oxidation- 
reduction couple is within a few tenths of a volt of 
the potential indicated by the platinized (reversible) 
electrode, however, one or the other of its components 
must necessarily be converted essentially completely 
into the other, as observed. If the reactions occurred 
only at the electrode, however, the fate of the redox 
couple would depend upon the polarization charac- 
teristics of the electrode used. 

The situation is not greatly different if it is assumed, 
more realistically, that the reactions between added 
components and radiolytic products proceed chiefly 
and rapidly m the homogeneous aqueous phase. 
Again, the steady state to be reached involves 
production and consumption of radiolytic products 
at equal rates. The oxidation-reduction reactants 
then adjust themselves to such activities that this 
condition is satisfied. In other words, the relative 
activities of the added oxidation-reduction com- 
ponents in the steady state have become such that 
their reactions no longer disturb the steady-state 
concentrations of radiolytic products attained in 
the absence of these components. A suitable indicator 
electrode inserted in the solution will now give the 
corresponding redox potential, which the results of 
Henderson et al. show to be essentially independent 
of the identity of the system used. That a platinized 
electrode in Clark’s experiments without added 
oxidation-reduction components indicated nearly the 
same potential as observed by Henderson et al. at a 
lower temperature showr merely that this type of 
electrode indicates reliably the kinetics of the radical 
reactions in the homogeneous phase, which is not true 
for stainless steel or silver, for example. 

The behaviour of the potential upon cessation of 
irradiation is also understandable. In Clark’s experi- 
ments, no added oxidation-reduction system was 
present other than trace impurities; hence the 
potentials shifted rapidly when irradiation ceased. 
The shift was in the direction determined by the 
transient condition then ‘prevailing at the active 
interphase. In the experiments of Henderson et al. 
cessation of irradiation left an oxidation-reduction 
system in solution in electrochemical equilibrium, 
with concentrations much larger than those of the 
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radiolytic products by which the steady-state poten- 
tial was determined in their absence. The potential 
therefore shifted only slowly from the réversible 
potential of the couple at the existing activities, 
doubtless owing to reactions of residual radiolytic 
products of long life, such as hydrogen peroxide. 

Dainton and Collinson discussed the numerical value 
of the equivalent redox potential in terms of reversible 
couple potentials for H and OH, respectively. Since 
the equivalent redox potentéal is a kmetio, rather 
than a thermodynamic quantity, however, the free 
energies determined the direction of the several 
reactions, but not their rates, or the value of the 
resulting mixed potential. Clark observed that a 
platinum electrode in a solution swept by hydrogen 
showed no detectable change in potential when the 
gamma source was applied. This demonstrates that, 
at 85°, the electrode processes were unaffected by the 
hydrogen atoms and hydroxyl radicals produced, or, 
m other words, that the normal exchange current of 
the process (Pt)H, = 2H* + 23e- was sufficient to 
prevent a change of potential by any added electrode 
reactions due to hydrogen atoms or other active 
species formed under irradiation. According to 
Veselovsky, the normal potential of the hydrogen 
electrode is almost realized when an acidic solution 
is irradiated after being freed of dissolved gases. 
These results agree in indicating that hydrogen atoms 
disappear so rapidly in one way or another that they 
do not disturb the equilibrium among H, H, H+, and 
electrons at the metal-solution mterface. 

Removal of hydrogen atoms as a chief reactant 
still does not explain the observed potential, however, 
since the reversible normal potential of such a couple 
as OH + H+ + 6 > H,O would be approximately 
3 V. noble to a hydrogen electrode in the same 
solution. It is therefore evident on electrochemical 
grounds that OH radicals also disappear rapidly. 
It is to be observed, further, that both the value of 
the equivalent redox potential in the presence of air 
or radiolytic oxygen and its dependence on pH are 


NATURE 


April 30, 1960 voL. ee 


approximately the same as those indicated by a 
platmum electrode in a dilute solution of hydrogen 
peroxide’®. From these observations it appears that, 
although short-lived atoms and radicals may partici- 
pate in both homogeneous and electrode reactions, 
the principal electrochemical effects may be ascribed 
to molecular hydrogen and oxygen and hydrogen 
peroxide. The mixed potential indicated by any given. 
electrode therefore depends upon both the polariza- 
tion characteristics of the electrode, including its 
surface state, and also any conditions that alter the 
surface concentrations of these radiolytic products. 
The value 0:85-0:90 V. noble to the hydrogen elec- 
trode is to be considered a unique property of the 
system only when a reversible electrode is used and 
when air is present or radiolytic products are allowed 
to accumulate in & steady state. The potential is 
independent of the identity of the redox system, 
so long as a steady state is reached ; but its measure- 
ment is facilitated by having such a system present 
to give stability to the potential. 

I acknowledge helpful discussions with E. H. 
Taylor, C. J. Hochanadel, F. A. Posey, and K. E. 
Heusler of this Laboratory, with Prof. Milton 
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University of Leeds. 
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STEROL ANALYSIS BY GAS CHROMATOGRAPHY 


By R. K. BEERTHUIS and J. H. RECOURT 
Unilever Research Laboratory, Vlaardingen, Holland 


SE of gas chromatography in the analysis of 

sterol mixtures by itself or as a supplement to other 
methods of separation may yield more detailed results 
than have been possible up to now. The relative 
simplicity with which ın general very effective separa- 
tions can be rapidly obtained—in which case direct 
quantitative determination is frequently possible— 
is a great advantage of this technique. 

We have investigated the possibilities of the 
analysis of sterols using model substances and 
natural mixtures. In view of the very low volatility 
of sterols, high column temperatures had to be used ; 
but in the high-temperature range the choice of the 
stationary phase is considerably limited. 

‘Apiezon DL’ and alkathene appeared to be com- 
pletely unsuitable for this purpose. The sterols eluted 
as broad, asymmetric peaks. With silicon oil, on the 
other hand, completely symmetrical peaks were 
obtained. 


We used the residue of a molecular distillation at 
200° C. and 2u pressure of Midland silicones No. 550. 
The carrier, ‘Celite 545’, was treated with acid to 
remove traces of metal, screened to a suitable particle 
size and treated with dichloro-dimethyl silane as 
described for ‘Hyflo’! to make it as inert as possible. 

At present we have only investigated separations 
on & relatively short column (length: 90 ecm.; 
internal diameter: 4 mm.) packed with 20 per cent 
by weight of silicone oil on ‘Celite’. The best results 
were obtamed with ‘Celite’ having a particle size of 
150-178. The column was conditioned at a working 
temperature (287° C.) for 2 days. During this period 
the column was repeatedly vibrated and filled up 
with packing until a constant level had been obtained. 
The substances were brought on to the column as 
such in a small perforated stainless steel basket, or 
dissolved m methyl myristate using a capillary 
pipette. As detector the gas density balance* was 
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used, which, together with the 
column, was placed in an electric- 
ally heated air-bath. With the help 
of the internal standard technique, 
it was found that the elution of the 
investigated substances proceedod 
quantitatively. 

Infra-red recordings of chole- 
sterol, before and after ing the 
column, displayed no differences. It 
is evident, therefore, that no struc- 
tural changes occur at this high 
temperature. 

Fig. 1 shows the separation of 4 10 20 
cholesterol, 7-dehydrocholesterol, 
ergosterol and stigmasterol. Be- 
cause of the conjugation in the B- 
ring of 7-dehydrocholesterol there 18 
such a difference in volatility with cholesterol that 
these two substances can be separated almost com- 
pletely. The influence of the length of the side-chain 
upon the retention time appears from the separation of 
ergosterol, stigmasterol and cholesterol. Cholesterol 
was also completely separated from technical sitosterol 
(supphed by Messrs. S. A. F. Hoffmann-La Roche and 
Co., Ltd., C.O. Basel). The sitosterol, however, was 
found to consist of at least three components. Separ- 
ations can also be effected of sterol esters (Fig. 2). 

The following example shows that with gas-chroma- 
tography it is possible to obtain separations which can 
only be indirectly achieved when other methods are 
applied. 

When feeding rats a fat-free diet the fæces contam 
cholesterol, cholestanol, A’-cholestenol, 7-dehydro- 
cholesterol, coprostanol, and methostenol. The 
analyses of these sterols have been worked out by 
Coleman, Wells and Baumann*‘. Application of 
their chromatographic methods results in the separa- 
tion of two main sterol bands, the so-called zones 
O and D. Zone D contains at least two sterols: 
eoprostanol and methostenol. These two substances 
can be determined individually by means of the 
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Fig. 8. Conditions (see Fig. 11: Zon D from rat fæces: (1) coprostanol; (2) probably 


lestanol; (3) methostenol 

Liebermann—Burchard reaction. Coprostanol is the 
slow- and methostenol the fast-acting component. 
The structure of methostenol appeared to be: 
4 «-methyl-A?-cholesten-3 8-ol5. 

Coprostanol and methostenol can only be separated 
chromatographically via the p-phenyl azobenzoates, 
which is a time-consuming process. By means of gas- 
chromatography, however, these sterols can be 
rapidly and quantitatively separated and determined. 

Fig. 3 shows the chromatogram of the above- 
mentioned band D from the unsaponifiable fraction of 
rat fæces. The peaks in the sterol range are indicated 
as 1,2 and 3. These three substances were collected 
individually and their behaviour with respect to tne, 
Liebermann—Burchard reagent investigated. Copro- 


stanol, the slow-acting sterol, is represented by 
peak 1, methostenol as fast-acting sterol by 
peak 3. 


The substance in peak 2, with a retention time 
equal to that of cholestanol and cholesterol, 
gave @ negative Liebermann—Burchard reaction. 
On application of a modified chromatographic 
procedure based on the method of Coleman et 
al.4 zones C and D can be eluted. This proceeds 
in such a way that on elution of the bands zone CO 
leaves the column immediately after zone D. Chole- 
stanol is already present at the beginning of band C 
and slight overlapping of the two zones is possible. 
Cholestanol also gives a negative Liebermann- 
Burchard reaction and therefore it is highly probable 
that the substance in peak 2 is cholestanol originating 
from zone O. 

The gas-chromatographic separation obtamed illus- 
trates the great influence of methyl addition in the 
A-ring of the cholestenol molecule upon the retention 
time. At the same time it appears that the stereo- 
isomers cholestanol and coprostanol are completely 
separated. 

Table 1 contains the relative retentions of the 
sterols mentioned as well as of some higher hydro- 
carbons. 

From our results it appears that sterols which 
differ ın the total number of carbon atoms can not 
only be readily separated but can also be determined 


Table 1. RETENTION VOLTE ton TO CHOLESTEROL ON SILICON 
IL 


Coprostanol 0-9 Cholesterylacetate 1°42 
Qholesterol 1 Tetratnacontane 1°45 
Oholestanol 1 ppolee ery Ipi omonat 1 88 
A7-Cholestenol 114 Cholesterylisobutyrate 2-0 

7-Dehy terol 114 Cholesterylbutyrate 2 32 
Methostenol 1-28 Cholesteryhsovalera 2 64 
Krgostero 1-80 Cholesteryivalerate 2-02 
Stigmasterol 138 Octatriacontane 3 96 
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quantitatively, and if necessary the various fractions 
be used for further identification. 

The plate number computed for cholesterol was 
2300. 

The resolution obtained can be improved by apply- 
ing longer packed or coated capillary columns in 
combination with more sensitive detectors. 

Our thanks are due to Mr. P. Smite and Mr. H. 
Dronkers, who carried out the group separation of 
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the sterols. Further, we are greatly indebted to the 
management of Unilever N.V. for permission to 
publish these results. 
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DETOXICATION DURING SECONDARY GROWTH IN PLANTS 
By C. M. STEWART 


Division of Forest Products, Commonwealth Scientific and Industrial Research Organization, 
69-77 Yarra Bank Road, South Melbourne 


LANTS, in contrast with animals, do not possess 

well-defined organs for the excretion of poten- 
tially injurious metabolic products. However, it 
is obvious that means must exist whereby toxic 
substances are rendered non-toxic or, if toxic, are 
‘excreted’ to locations within the plant where the 
toxicity of the substances is of little consequence. 
For example, it is well known that succinic and oxalic 
acids are immobilized, in special parenchyma. cells of 
secondary xylary tissues, as crystals of aluminium 
succinate and calcium oxalate. 

* In general, substances with reactive groups (whether 
they be toxic or non-toxic) are transported usually 
in an Inactivated state to the regions of active 
secondary growth. For example, sugars are trans- 
ported chiefly as sucrose, coniferyl and sinapyl 
alcohols as glycosides, and so on. These products of 
photosynthesis are soluble and, for purposes of 
permanent or temporary storage, they are converted, 
enzymatically, to the polymoleculer ergastic sub- 
stances of the cell wall (cellulosic and non-cellulosic 
polysaccharides and lignin) and the materials extrane- 
ous to the cell wall (tannins, kinos, lipids, starch, 
ete.). 

High concentrations of acids and especially of 
phenolic substances exhibit an inhibitory effect or 
are toxic to cambial tissues. For example, Jacquiot? 
has shown that tannins inhibit the proliferation of 
isolated fragments of cambial tissues from Quercus 
and Castanea. In agreement with this observation, 
it has been found, for Eucalyptus regnans, that tannins 
are present in minimal amounts in the cambial zone 
and that the amounts increase on each side of the 
cambium ; this evidence was taken as an indication 
that tannins are waste materials which are excreted 
to each side of the cambium and eventually aceumu- 
lated in the tanniniferous parenchyma cells of the 
phloem (eventually transformed to the rytidome 
and. thus periodically shed), and, vie the parenchyma 
cells of the sapwood, in the dead cells of the heart- 
wood". Thus the formation of tannins and their 
excretion as outlined above may be, primarily, a 
means of ‘detoxication’ of excess phenolic 
This does not mean that the tannin precursors 
(possibly by-products formed during the biosynthesis 
of lignin? or flavonoid compounds?) or the tannins 
themselves may not have important physiological 
functions in plant life; for example, it has been 

that they may act as antioxidants or as 
inhibitors of fungal growth‘. 


Again, lignin is a polymer formed from phenolic 
base unite. Hence lignification, whether it proceeds 
by the utilization of phenolic substances from the 
nutrient phloem ‘sap’ stream (‘detoxicated’ conifery! 
or sinapyl alcohols’, flavonoid compounds’, etc.) or 
by the utilization of lignin precursors produced 
within the developing cell either during its normal 
active life’ or during its senescence®’, may be 
essentially a process of ‘detoxication’. A secondary 
‘evolutionary’ function of lignin may be to give 
rigidity and compressive strength to the cell walls of 
xylary and other plant tissues ; however, plant tissues 
tend to be brittle when the lignin content is high’. 

There is much indirect evidence which indicates 
that, during lignification, the lignin becomes chemi- 
cally bonded to the non-cellulosic polysaccharides 
of the primary, and outer portions of the secondary, 
cell walls. Much of the evidence suggests that the 
lignin is attached, by ester bonds, to the uronic acid 
units. For example, it is known that ruthenium 
red, a stain specific to carboxyl groups! in mature 
fibre cell walls, stains the intercellular layer and 
primary coll wall more intensely than any other 
portion of the cell wall; ın the case of Eucalyptus 
regnans wood, the intensity of staining dimimishes as 
lignification proceeds (Wardrop, A. B., unpublished 
work) and becomes almost zero in the mature fibre 
cell wall; analogous staining behaviour has been 
observed during the lignification of Pinus sylvestris". 
When sections of mature wood of E. regnans are 
hydrolysed with dilute acids or alkalis, the red-stain- 
mg potentialities increase with time of hydrolysis, 
the alkali being about 10° times as effective as acid 
in this respect (Stewart, ©. M., Watson, A. J., Dads- 
well, H. E., and Kottek, J. F., unpublished work). 
Also, when holocellulose, prepared from E. regnans 
wood, is treated with dilute alkali (0-08 per cent 
sodium hydroxide for 1 hr. at 98°) the residual lignin 
is removed. 

Many workers have shown that the 4-O-methyl-p- 
glucuronic acid units of the non-cellulosic polysac- 
charides of woods are attached glycosidically to the 
xylose units of the polymer chains. Thus, durmg 
lignification, lignin units may become attached to 
the uronic acid residues by the formation of ‘lignyl’ 
4-O-methyl-p-glucuronate side-chains linked through 
the 2-0- or 3-O-positions on to the xylose units of the 
main chains of the glycosan uronides; this linkage 
process, and the possible further addition of lignin 
units to those already incorporated in the side-chains, 
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may represent the ‘detoxication’ mechanism which is 
applicable to the plant cell wall. During animal 
metabolism, many aromatic substances appear in 
the urine as derivatives of p-glucuronic acid; for 
example, alcohols and phenols appear as B-glycosides 
(for example, phenyl §-p-glucosiduronic acid) and 
carboxylic acids appear as 8-hemiacylals (for example, 
benzoyl §-p-glucosiduronic acid)'*. Hence uronic 
acids may serve as ‘detoxication’ agents during the 
metabolism of both plants and animals. 

Perhaps other examples of ‘detoxication’ during the 
secondary growth of plants could be sited. For 
example, excess aliphatic acids such as formio and 
acetic acids, which do not form insoluble salts, may 
be immobilized by their attachment, as formyl or 
acetyl groups, to certain of the cell-wall polysac- 
charides ; glycosan uronides, especially in hardwoods, 
have relatively high contents of acetyl groups, equiva- 
lent in some cases to about 25 per cent acetylation}. 
Again, alcohols may be immobilized as O-alkyl or 
alkoxy groups attached either to cell-wall components 
or to extraneous substances. 

From the above discussion it will be noted that 
there are several possible general means of ‘detoxica- 
tion’ and/or excretion which may operate within a 
plant. Normally, while in solution, the toxic sub- 
stance is ‘detoxicated’ by the formation of a non- 
toxic derivative, usually a glycoside. If the produc- 
tion, of such substances were to continue, without 
some means of lowermg their concentration, the 
cell fluids would become extremely viscous because 
of the high concentration of substances in solution. 
A mechanism of preventing the formation of high 
concentrations must exist; this mechanism, in 
general, seems to depend upon polymerization of 
the soluble substances to ensure temporary or perm- 
anent ‘detoxication’ of reactive toxic groups (during 
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the polymerization reactions), with parallel increased 
insolubility and deposition in the walls or cellular 
contents of cells, which will eventually be isolated 
from the regions of active growth. 

In the case of substances such as aliphatic acids 
which neither form glycosides nor readily polymenze, 
two means of ‘detoxication’ seem possible: first, the 
formation of insoluble salts which are stored in special 
crystalliferous parenchyma cells; and, secondly, 
attachment as acyl groups to the glycosan uronides, 
excess acids perhaps being excreted to the bark or 
heartwood. It should be noted, especially in old 
xylary tissues, that the acids may be re-liberated 
from acyl groups by autocatalysis, with consequent 
damage to the tissues resulting from prolonged 
hydrolytic reactions (Stewart, C. M., Watson, A. dJ., 
Dadswell, H. E., and Kottek, J. F., unpublished 
work). 
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COBALT IN NITROGEN FIXATION BY A LEGUME 


By Pror. H. M. REISENAUER 
Department of Agronomy, Washington State University, Pullman, Washington 


UR understanding of cobalt as a micro-nutrient 
element required by animals and various micro- 
organisms centres around the role of vitamin B,,. 
This vitamin is required by most animal species! in 
the formation of hemoglobin and may be concerned 
with protein metabolism’. Most workers agree that 
vitamin B,, is synthesized only by micro-organisms'. 
Many micro-organisms require preformed B,, (refs. 
3-5); others, including Rhizobia*, produce the 
vitamin. 

Cobalt has not been demonstrated as being a 
requirement for the growth of higher plants, although 
it has been shown to be essential for blue-green 
algae’. With higher plants, cobalt supplements have 
been reported to increase growth of the rubber plant 
and tomatoes? and to increase elongation of pea stem 
sections®,’°. Recently, Ahmend and Evans" have 
suggested that soy-bean plants grown with sym- 
biotically fixed nitrogen as their only source of this 
nutrient were “distinctly benefited” from small quan- 
tities of cobalt. The experiment reported here makes 
it quite clear that enormous reductions in the amount 
of nitrogen fixed by inoculated lucerne plants result 
when culture solutions are sufficiently purified and 


controlled with respect to cobalt contaminants. Other 
experiments in progress at the present time at the 
University of California, where higher degrees of 
control have been obtained more recently, are giving 
further evidence of correspondingly greater yield 
differentials between inoculated lucerne plants grown. 
on cobalt-deficient and cobalt-sufficient culture 
solutions. 

An, essential role of cobalt in symbiotic nitrogen 
fixation and possibly in all biological nitrogen-fixation 
processes is suggested by the following information. 
The nodules of legume plants contain hemoglobin 
very similar to that of animal blood'%.*. Nitrogen 
fixation is directly related to the hæmoglobin content 
of the nodule!4-!7. Vitamin B,, has been found to be 
concentrated in the root nodules of legume plante 
and particularly those that contain hæmoglobin”, 
The synthesis of hæmoglobin in the nodule is a result 
of the symbiotic relationship since it cannot be 
synthesized by either the plant or the micro-organiam 
alone!?, A possible relationship of cobalt to a bio- 
logical nitrogen-fixing process is suggested from the 
results of Holm-Hansen and co-workers’. In their 
demonstration of a cobalt requirement for the growth 
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Table 1. NrrRoGEN Freep py Medicago sativa (LUCERNE) WITH AND WITHOUT COBALT SUPPLEMENTS 
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of blue-green algae, these workers noted that upon 
their cultures with low cobalt content, growth reduc- 
tion of the nitrogen-fixing species was more pro- 
nounced than for the species requiring combined 
nitrogen. 

The experiment reported here was undertaken to 
observe whether or not cobalt supplies could effect 
nodulation and symbiotic nitrogen fixation in lucerne 
(Medicago sativa). The culture solutions were 
restricted as to nitrogen salts and contained 1-3 mM 
nitrogen, 2-0 mM phosphorus, 3-1 mM potassium, 4-0 
mM calcium, 1:0 mM magnesium, õ'0 uM manganese, 
2:0 uM zme, 0:5 pM copper, 17-5 uM iron (from 
Fe-ethylenediaminetetraacetic acid), 5-0 mM sulphur, 
25 uM boron, 0-5 uM molybdenum, 22:5 uM chlorine 
and 1-0 gm. calcium carbonate per litre. Treatment 
variables are described in Table 1. All chemicals 
used in formulating the ‘purified’ cultures were 
treated to remove contammant cobalt m so far as 
possible with the purification processes mentioned 
here. Ail water, volatile acids, bases and organic 
Teagents used were redistilled in ‘Pyrex’ glass appar- 
atus. Solutions of 2-0 M calc1um nitrate, 1:0 M 
K,.,H,.,.PO, and 0:6 M potassium sulphate were 
purified by iron-oxinate coprecipitation at pH 5:1- 
5:2 as described by Hewitt?*. Dithizonate extraction 
at pH 8-5 was used in preparing low cobalt solution of 
magnesium sulphate. Iron was purified by extracting 
as ferric chloride with ether from hydrochloric acid 
solution®®, Reagents supplying the micro-nutrients, 
except iron, and sodium chloride were twice recrys- 
tallized before use. The calcium carbonate added 
to maintain the reaction of the cultures above pH 6 
was precipitated from purified calcium nitrate 
solution. 

Lucerne plants were grown in a glasshouse at 
Berkeley during May and June. The treatments 
were arranged in a randomized block design and 
repeated four times. Three 10-day-old lucerne plants 
were transplanted to 2-litre, continuously aerated 
cultures. The following day the pots were inoculated 
with 1 ml. of a suspension containing a mixture of 
two effective Rhizobta strains—approximately 10* 
bacteria per pot. The plants were harvested six 
weeks after transplanting, separated into tops, roots 
and nodules, dried and weighed. Total nitrogen was 
determined in all plant 

The fixed nitrogen supplied by the culture solutions 
was adequate for normal growth of the plants of all 
treatments for four weeks. In the fifth week nitrogen 
deficiency symptoms developed on the plants of the 
‘not inoculated’ treatments as well as those of the 
‘inoculated-minus cobalt’ treatments. Nodules were 
visible on the roots of the moculated plants within 
three weeks. No nodules were found on the plants 
which were not inoculated. Nodule counts made 
four weeks after transplanting showed the ‘plus 
cobalt’ and ‘unpurified’ cultures as having plants 
with larger nodules than the plants deprived of 
cobalt. The ‘net inoculated’ and ‘mmus cobalt’ 


plante displayed characteristic symptoms of nitrogen 
starvation, whereas moculated plants having cobalt 
supplements were green and obviously not short of 
nitrogen. 

Whole plant weights, nodule weights and the 
nitrogen content of the plants are given in Table 1. 
Addition of cobalt to the ‘purified’ cultures increased 
plant growth by 66 per cent during an evident stress 
period of only two weeks. This effect of cobalt is 
significant at odds of 2,000:1. Smilarly, nodule 
weight was doubled—asignificant at odds of 200: 1. 

In the presence of Rhizobia but without added 
cobalt the plants fixed 34 mgm. of nitrogen without 
sodium chloride and 27 mgm. of nitrogen with 
sodium chloride. However, with cobalt added the 
corresponding cultures fixed 237 and 154 mgm. of 
nitrogen, respectively. The variable of 0-5 mM 
sodium chloride m the culture solution which resulted 
in a lesser amount of nitrogen being fixed in each 
case was introduced into the experiment in order to 
give other levels of plant growth not associated with 
cobalt. Within this experrment, however, cobalt was 
by far the overriding factor in determining the 
amount of nitrogen fixed by inoculated Medicago 
sativa. 

The magnitude of the results obtained here dis- 
tinctly implies an essential role of cobalt in symbiotic 
nitrogen fixation. Additional results from this and 
an expanded confirming experiment are to be pub- 
lished elsewhere. 

This work was conducted during the tenure of a 
lectureship with the Kearney Foundation of Soil 
Science, University of California, Berkeley, which is 
gratefully acknowledged. I am indebted to C. M. 
Johnson, O. C. Delwiche and P. R. Stout for their 
assistance and valuable suggestions. 
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LETTERS TO THE EDITORS 


PHYSICS 


The Possibility of a Self-sustaining 
Corbino Disk 


AN impressed radial current and an axial magnetic 
field combine in the Corbino disk! to induce a cir- 
culating component of current due to the Hall effect. 
Whichever sense the axial field may have, it is aided 
by the field of the circulating currents themselves, 
provided that the radial current 1s always inwards. 
This applies to a material with the normal sign of 
Hall coefficient for n-type conduction. 

Without the impressed axial field, the disk would 
be @ two-state element, which could form the basis 
of a digital computer. The two states would be 
self-sustaining current vortices of opposite spin. The 
existence of such vortices is suggested by a solution 
of the fleld-equations for an indefinitely thm disk of 
infinite radius, immersed in a medium of permeability 


bie 
I 
a oe VE 
Eo =RJ B, J = mls 
L.No 


where r,9,2 are cylindrical co-ordinates; J, total 
current (amp.); J, current density (amp./sq. metre) ; 
E, electric fleld intensity (volts/metre); R, Hall 
coefficient (metre*/coulomb) ; o, conductivity (mho/ 
metre); Ne = 4x x 10-7? henry/metre. 

By, He and Jo all satisfy an equation of the form : 


dB, oRIB, _ 0 
dr "Ore. 8- 
which has the solution: By = A.r-* 


where A is a constant of integration, and k 18 
ony o.T /Qrdz. 

More significant than the increase towards the 
centre in the flux density B, is the increase in total 
flux within a ring of width ôr when k>- l. This 
establishes a critical value for the radial current, 
above which amplification and regeneration are 
possible. A transformer exploiting the creation of a 
secondary flux in excess of the primary flux would 
behave as a magnetic power amplifier. The intro- 


a 


+ [Leo 


Bz 


Fig 1. Axial magnetic feld in relation to the radial and circulating 
components of the current denaity 





Ra 


Fig. 2. Top: A magnetic amplifier having an input col to provide 
B: at Re and an output coil at Ra. (Permeable material is diagon- 
all an tive material vertically shaded. The 
radial current 15 introduced by a conducting on the disk 
and 18 removed along the two halves of the axis) 
Centre: A magnetic feedback circult for a two-state element. 
(If a fraction f of Be at Ra is returned to R+, the flelds become 


In(f) 

self-sustalming when k « 4 

avun ke TIR) 

Bottom: Axial flux density, cucnlating current density an 

circulating electric fleld-strength for an infinite disk’: ~--—-. 
The same for a finite disk: 





duction of a magnetic feedback path in such a 
transformer would lead to a bi-stable trigger circuit. 

A vital question is whether the critical current is 
necessarily destructively large, as it would be for the 
conductivities and small Hall coefficients of ordinary 
metals at room temperature. However, products of 
conductivity and Hall coefficient of the order unity 
have been observed in germanium alloys at low 
temperatures’. Assuming that, by restricting the 
thickness of the disk to 0-01 per cent of the magnetic 
path, an effective permeability of 10 could be 
maintained, a current of 5 amp. per om. of magnetic 
path would be required for criticality. 

D. Mmaciry 
University of St. Andrews, 
Queen’s College, 
Dundee. 


1 Von Corbino, O. AL, Phys. Z., 12, 561 (1911). 
1 Debye, P. P., and Conwell, EB. M., Phys. Rev., 83, 693 (1954). 
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Rheological Properties of Barytes 
Suspensions 


Tae rheological properties of suspensions, which 
are used in coal preparation by dense-medium 
washing, are being studied. Initially, suspensions of 
barytes prepared by ball milling and containing 
particles of al] sizes less than 2650p, and in most 
cases less’ than 100u, weres investigated. The 
effects of the concentration of solids and of the 
particle mze of the solids on the consistency curve 
have been studied: It is hoped to extend the 
work to more complex systems containing three 
solid components (barytes, coal and shale) each or 
all of which may be deficient in smaller-sized part- 
icles. The present communication is intended to 
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direct attention to some interesting features of the 
results obtained. 

The work was carried out 
using a Ferranti portable (rotat- 


ing cylinder) viscometer!. This 
enabled the consistency to be 
Le studied over a fairly wide range 
= of shear-rates (68-950 sec.-*). 


Readings were taken imme- 
diately after thorough stirring, 
which could lead to the presence 
of a third phase (aw bubbles) 
in the system. However, it is 
likely that suspensions useg in 
practice will also contain air 
bubbles. All the consistency 
curves reveal that the suspen- 
sions are Bingham fluids over 
the range of shear rates used. 

From the consistency curves, 
the yield point and plastic 
viscosity were estimated for sus- 
pensions containing different 
solids concentrations and con- 
taining solids over a range 
of fineness. For the suspensions 
40 studied, the resultes are ilus- 
trated in Figs. 1 and 2. The 
concentrations, at which the dis- 
continuity in the plastic viscosity 
vs. concentration relationship 
occurs, have been found to bear 
a linear relation to the fineness 
of the barytes as expressed by 
the weight less than 10 microns 
(Fig. 3). This suggests that the 
phenomenon is due to the wregu- 
larities in the particles carrying 
immobile layers of liquid as pro- 
posed by Ward and Whitmore’, 
and should enable the mean thick-. 
ness of the layer to be estimated- 

In earlier investigations a Gal- 
lenkamp universal torsion visco- 
meter had been used in viscosity 
measurements on suspensions. A 
study of mode of operation and 
the results obtained on this in- 
strument and the rotating cylin- 
der viscometer lead us to con- 
clude that, to a first approxima- 
tion, the readings on the torsion 
viscometer (using 11/16-in. and 
1f-im. cylinders) were a measure 
of the yield point of the sus- 
pensions (see Fig. 4). 
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This communication is published with the per- 
mission of the National Coal Board, which is not 
‘ committed to the views expressed by us. 

A. W. EARNBHAW 
J. C. SPROSON 
N.C.B. Northern (N and C) Division, 
Scientific Department, 
‘The Grange’, 
Longbenton, 
Newcastle upon Tyne, 12. 


i Remmer, ML, “Deformation Steam and Flow”, 34 (Lewis, London). 


® Ward, 8. G., and Whitmore, B. L., Brit. J. App. Phyt., 1, 325 (1950). 


* Rveson, G. F., J.0.0.C.A. (Feb. 1959). 


An Energy Band Interpolation Scheme, 
with Application to Body-centred Cubic 
Lithium 


An interpolation scheme has been developed for 
the calculation of the energy bands in solids, using 
plane wave expansions of the wave functions and 
accurately known values of the energy-levels at high- 
symmetry points of the Brillouin zone. For valence 
electron states having the same symmetry as those 
of the ion cores, these expansions must be modified 
by the use of an additional repulsive pseudo-potential 
V,. Of various suggested forms! of V,, that found 
most useful was that-of Gaspar* and Antončík’, an 
extension to metals of that derived for atoms by 
Gombés‘. By using only a small number of terms in 
the © ions it was then found possible to reproduce 
the energy-levels at high-symmetry points with at 
least the accuracy to which they had been originally 
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determined. The levels at a large number of general 
points of the zone were then calculated, and, in 
order to obtain the density of states N(H), these 
energy values were fitted by a symmetrized triple 
Fourier expansion of B(ky,,k,,k,). 

The method has been applied to body-centred 
cubic lithium, for which energy-levels atb- high- 
symmetry points have been obtained by Glasser and 
Callaway*, using fhe orthogonalized plane wave 
method and the corrected Seitz potential’, and 
with a stated accuracy + 0-05 Ry. The number 
of terms used in the plane wave expansions to 
reproduce these levels was taken to be equal to the 
degeneracy of the corresponding level in the free- 
electron approximation (for example, 6 for the lowest 
state H,, in the notation of Bouckaert et al.*). For 
the s-like levels V, involves the ls wave function of 
the ion core, which was chosen to be hydrogenic 
with a screening constant which was taken to be a 
disposable parameter, fixed by giving agreement with 
the lowest state [,. To reproduce the p-like levels, 
the truncation of the plane wave expansions was 
brought about by using as a correction a very small 
further pseudo-potential, while the d-like levels could 
be reproduced. by using the Seitz potential alone. 
The lower levels thus calculated agreed with those of 
Glasser and Callaway to within their stated accuracy. 
Levels were then calculated at general points withm 
the first zone on a lattice (a/2n)(k,,ky,k,) = (1/10)n 
(n = 1,2...) by using an appropriate number of 
terms of the plane wave expansion, and the 
22 Fourier coefficients of H(k,,k,,&,) obtained by least 
squares. Finally, NV(#) was obtained by numerical 
integration. The calculations were carried out on 
the Mercury Computer of the University of London. 

Fig. 1 shows the calculated N(E) curve, with Ep, 
the Fermi energy, —0-425 Ry., and Hy, the lower 
energy at N, —0 400 Ry., N being the point on the 
surface of the first zone nearest to ite centre PI. 
Since Hr < Hy, the calculation thus shows that the 
Fermi surface does not touch the zone boundary ; 
however, (Ey — Hp) is only equal to 0-025 Ry., 
which is within the accuracy of Glasser and Callaway. 
The broken curve on Fig. 1 gives the N{(E) curve 
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for free electrons. The energy surfaces near I’ can 
be expressed as’: 


E(k) = E, + Ekt + EVE + 5E® 


(kth? + kek? + KE — 1/5k*) 
where E, = — 0-686, E, = 0:754, EP = — 0-084, 
EV = —0-146, and where E, corresponds to an 


effective mass at T, m* = 1:32 m., and E? gives a 
measure of the anisotropy. Previous values of these 
constants are given in refs. 6 and 9. The value 
Ep — E, =0-261 Ry. compares with a value 
0 335 Ry. based on the soft X-ray emission spec- 
trum', The calculated low-temperature electronic 
heat coefficient is 2 38 x 10-* cal. mol.-? deg.-*, com- 
pared with the observed value! 4-18 x 10“, which 
was, however, not obtained for body-centred cubic 
lithium. 

The method is now being apphed to other metals 
including sodium, potassium, titanium and beryllium, 
and fuller‘ details will be published elsewhere. 

We are indebted to Prof. H. Jones for helpful 
discussions, and one of us (J. F. C.) acknowledges 
the award of a University Postgraduate Studentship 
of the University of London. 


J. F. CORNWELL 
E. P. WOCELPARTEH 


Department of Mathematics, 
Imperial College, 
London, S.W.7. 
` March 21. 
Phillips, J. C., and Klelnman, L., Phys. Rev., 116, 287 (1959) 
* Gáspár, R., Acta Phys. Hung., 8, 79 (1958). 
* Antonifk, E., J. Phys. Chem. Soltds, 10, 814 (1959). 
t Gombás. P., “Handbuch der Physik”, 36, 109 (1966). 
* Glasser, M. L., and Callaway, J., Phys. Rev , 109, 1541 (1858). 
t Callaway, J., Solid State Physics, 7, 98 (1958). 
1! Kohn, W., and Rostoker, N,, Phys. Rev., 94, 1111 (1954). 
* Bouokaert, L. P., Smoluchowski, R. and Wigner, E. P., Pays 
Rev 58 (1088). 


t Cohen, M. H., and Heine, V., “Ady. in Physics’, 7, 385 (1958). 
19 Bedo, D. E., and Tombouliun, D. H., Phys. Rev., 108, 85 (1958). 
11 Roberts, L. M., Proc. Phys. Soe, B, 70, 744 (1857). 


Trace Analysis by X-Ray Fluorescence using 
lon Exchange Resins 


THE analysis of trace elements in concentrations 
of a few parts per million, or less, by X-ray fluores- 
cence spectrography has hitherto not been practicable, 
mainly as a result of the relative weakness of the 
emitted spectra. Grubb and Zemany' have obviated 
this difficulty by showing that traces of cobalt at 
levels of 1 ugm./l. may be analysed by first adsorbing 
the element on to & small piece of cation membrane 
and irradiating this in an X-ray spectrograph. The 
long equilibration times involved (16-48 hr.) have, 
however, precluded the general application of their 
method in a wider field, particularly in process 
control, where the time-factor is important. 

The method which we have developed is based on a 
similar concentration step, but the element to be 
determined is collected on an ion-exchange resin 
(granular or liquid), after which the resin is irradiated 
directly in the X-ray spectrograph. A number of 
elements may thus be collected and determined 
simultaneously without the necessity of time- 
consuming separations. We have found that rapid 
equilibrium with solid resins is attainable, provided 
that the resin is soaked beforehand. Equilibrium 
with liquid resins is even faster. The relative amounts 
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p.p.m. uranium added to barren solution LIT 


Fig. 1. Extraction of uranium from ‘barren’ solution with solid 
resin, ‘AG-LX" 


of resin and solution are so chosen that the enrichment 
ratio brings the concentration of the element on the 
resin within the range where it can be determined 
directly by X-ray spectrography. Provided that the 
variation in particle size of the solid resin is small, 
no extra variance is introduced in the results by 
distributional variations in the resin: bed. Where 
relatively large amounts of co-adsorbed elements give 
rise to interferences, such as absorption or enhafice- 
ment of the measured radiation, the effects can be 
overcome by the use of suitable internal standards.. 
The voids between the solid resin particles are filled 
with the reference element in non-adsorbing form. 
The reproducibility of the results obtamed justify 
the introduction of standards in this way. 

The determination of uranium in barren sulphate 
effluent, from the ion-exchange columns in the 
Witwatersrand uranium industry, serves as a good 
illustration of this technique. (Detailed results will 
be published elsewhere.) The major ionic con- 
stituents of these solutions are: 


Fe™ (2-3 gm./l.) Fe + (2-3 gm./l.) 

Mn** (4-6 gm./1.) Al*+ (4-86 gm./l.) and 

80,2 (~20 gm./l.) at a pH of about 3 
The uranium content varies between 0 and 3 p.p.m. 
500 ml. of this solution is shaken for 5 min. with 
2 gm. (dry weight) of ‘4 G41X’ anionic resin in sulphate 
form which has been soaked beforehand in 0:25 M 
ammonium sulphate solution. The resin is filtered by 





0 10 2-0 3:0 40 5 0 
p.p.m. uranium added to barren solution IT 


Fig 2. Oahbration curves using: a, bromine; b, yttrium, as 
internal standards with the “AG-LX” extractions 
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Table 1. SAMPLE URANIUM DETERMINATIONS IN BARREN SOLUTIONS 
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20 per cent ‘LA-2' in kerosene | 
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| ‘AG LY’ resin 








Uranium Uranium | Uranium ~ Uranium 
added | found added found 
(p.p.m.) | (p.p.m) | (p.p.m.) (p.p:m.) 
1-70 1-68 | +30 
3:76 3°60 o 3-40 
| 4-35. 4-30. 








suction, washed over into a suitable liquid saMe 
holder* and irradiated (Philips high-intensity molyb- 
denum tube). The linearity obtained when making 
standard additions of uranium to barren solutions is 
illust in Fig. 1. Iron, probably co-adsorbed as 
negative ferric sulphate complexes, absorbs th 4 
uranium- ‘Ea, radiation, so that the use of inte 





standards is naegh “mite iron content of ~ 
the soluti er tu (In practice, we have 
found this as the iron concentration in 


these barren solutions remains constant within 
narrow limits.) 2 illustrates. the feasibility of 
using alcoholic bromobenzene and aqueous yttrium 
sulphate as internal Standards. Under the above 
aditions' about 90 per cent of the uranium in a 
solution containing 2 p. p. .m. is extracted with good 
reproducibility (standard deviation 1-2 per cent). 
Good extraction is- also- ossible with anionic 








ar le | (for example, ‘Amberlite 1 A-2’). The 
sensitivity somewhat lower (see Figs. 1, 3), as the 
highest practical ble re ratio is only about 
50. The lin when extracting 500 ml. 







of * 
in 
iron is 


ao ml, 20 per cent ‘LA-—2’ 
yi Fig. 3. Although much less 
this case, so that absorption 


Shen 


- æ 


o-extracted 








effects are pi ous, we have established that 
internal 8 ndard procedures can also be applied 
here by | bromobenzene in kerosene. Typical 
results given in Table 1. The accuracy of both 
variants 1e method is estimated at 5 per cent on 
1 p.p.m. ium, the m uree of error residi 
in the statistical countin age i due to the unfav ronk 


able peak to badkarouhid Te ratio. The limits of detection, 
under the above conditions, are estimated to be 0-1 
p-p.m. uranium using solid resin, and 0-2 p.p.m. 
using liquid resin. 
As the method is also applicable to cationic resins, 
we believe that this technique extends the scope of 
Ra ote analysis far beyond its present 


- U — La, peak height (counts/sec.) 
x to 





é 
1, 
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Ppa. uranium added to barren solution ITI 
Fig. 3. Extraction of uranium from ‘barren’ solution using 


liquid resin, ‘Amberlite L A-2’ 
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limits, and its rapidity should render it useful for the 

routine trace analysis of a wide range of elements. 
J. N. VAN NIEKERK 
J. F. DE WET* 

National Physical Research Laboratory, 

South African Council for Scientific 
and Industrial Research, 
Pretoria. 


* Present address : nian of Physical Chemistry, University 


_ of Pretoria, Pretoria. 
Grubb, W. T., and Zemany, P. D., Nature, 176, 221 (1955). 


* Van Niekerk, d: N. + and Wybenga, F. T., J. App. Speetr. (in the 
press P 
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Micromo 


Pa tterns in Single Crystals of 
Potansidl 


loride containing Barium 
Chloride 


DISLOCATION networks generated in alkali halide 

erystals when subjected to mechanical strain have 
been rendered’ visible by ‘decoration’ with colloidal 
aggregations of colour centres? and. with» silver’. 
Amelinckx et al.* obtained micromosaic patterns in 
sodium chloride crystals containing sodium or 
barium chloride and Hedges and Mitchell* in silver 
bromide containing excess silver. 








Fig. 1 


+ 






In the present work barium in concen- 
trations varying from 5 x 10% 0- barium/ 
potassium atoms was added to melts of potassium 
chloride and single crystals grown from the melt by 
the Kyropoulos method*®. The crystals were cleaved 
to produce specimens of about 0-5 mm. thick and 
microphotographs made of interior planes at a 
magnification of 500. It was found that crystals 
containing about 5 x 10-* barium/potassium showed 
throughout the interior a pattern consisting of a 
network of lines some 5-10yu long (Fig. 1). Pure 
crystals showed no such patterns. Occasionally, deep 
within the crystal, was seen a pattern such as that 
shown in Fig. 2, which gave the impression of voids 
crystal some yu or less in depth and some 
feds of microns in length. It might be supposed 
that such voids might be generated as a means of 
reducing the strains set up by the relatively high 
impurity content or by the unavoidable thermal 
strains in the formation of the crystals. It has not 
been possible so far to anneal out such voids even 
after many hours heating and of subsequent cooling 
to room temperature at a rate of about 5 deg. C. per 
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Fig. 2 


hr. The pattern of fine lines seen in Fig. 1 might be 
interpreted in two ways. It might be the result of 
dislocations produced by the added barium chloride, 
a minimum concentration being necessary and a 
too high concentration resulting in such extensive 
disorganization of the lattice that no simple pattern 
is formed or ean be discerned. Or, the pattern may be 
_ already present in the ‘pure’ crystal in the form of 
invisible internal surfaces or lines and is revealed by 
precipitation on these surfaces or lines of an added 
substance such as barium chloride when this is 
_ present within certain limits of concentration. High 
- concentration of barium chloride produces a cloudiness 
which can be cleared again by heating. It is not 
possible from the present observations to decide 
between the two possibilities, but it seems that the 
incorporation of a suitable impurity in single crystals 
of alkali halides reveals a defect structure which 
might be used in the study of the formation and 
behaviour of such structures and the part they play 
in the behaviour of crystals under various conditions. 
J. Ew Les 
Department of Physics, 
J. B. Dawson 
Department of Medical Physics, 
University of Leeds. 
March 19. 

' Hosoya, 8., J. Phys. Soc. Japan, 11, No. 12, 1231 (19586). 

3 van es ome a and Dekeyser, W., Phil. Mag., 1, No. 9, 882 
* Amelinckx, S., van der Vorst, W., Gevers, R., and Dekeyser, W., 

Phil. Mag., 46, 450 (1955). 


t Hedges, J. M., and Mitchell, J. W., Phil. Mag., 44, 223 (1953). 
* Kyropoulos, S., Z. anorg. allgem. Chemie, 154, 308 (1926), 


RADIATION CHEMISTRY 


Polymer Formation in Irradiated p-Xylene 


INVESTIGATIONS of the radiochemical behaviour of 
alkylbenzenes have predominantly been focused on 
the gaseous decomposition products, and data about 
the liquid reaction products are rather scarce. 

As part of a study of the kinetics of radiolysis of 
alkylbenzene mixtures, p-xylene was submitted to 
mixed atomic pile radiation. 

In view of the complex nature of mixed atomic 
pile radiation, a direct determination of the amount 
of energy absorbed by the sample is not always 
possible. For the work reported here it was chosen 
to use biphenyl as a reference component. 
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Biphenyl has been extensively studied in relation 
to its use as a moderator, and by choosing it as an 
irradiation standard it is expected to make possible a 
direct comparison of the data obtained on the lighter 
alkylbenzenes with the data which have already 
been accumulated for heavier products such as the 
terphenyls. 

In addition to samples of pure p-xylene and 
biphenyl a certain number of mixtures of p-xylene 
and biphenyl were irradiated and analysed. The 
p-xylene and biphenyl both had a purity of 99 + per 
cent, 

4-gm, samples of p-xylene, biphenyl or a mixture 
of both were sealed under vacuum in silica cap- 
sules (diam. 2 em., height 6 cm.). Each capsule was 
placed in a tightly fitting aluminium container and 
irradiated in the Y7 channel of the BR I reactor at 
Mol, Belgium. The equilibrium temperature of the 
samples during irradiation was approximately 95° C. 

After irradiation the liquid phase was analysed by 
gas-liquid partition chromatography using a 5-m. 
stainless steel column (1/4 in.) packed with 30/50 
mesh ‘Sil-O-Cel’, impregnated with 30 per cent 
‘D-C’ high-vacuum silicone grease. Helium at a rate 
of 100 ml./min. was used as a carrier gas and column 
temperature was stabilized at 150°C. The retention 
time of biphenyl was about 1 hr. : 

For quantitative analysis of the liquid-phase 
naphthalene was used as a tracer, and benzerm as a 
solvent. The area correction factors were determined 
with solutions of known composition at the different 
concentration-levels encountered. 

From the measured ratio of p-xylene or biphenyl 
to naphthalene and the known ratio of naphthalene 
to total sample, one derives the concentration of 
p-xylene or biphenyl in the sample. In order to 
investigate further the nature of the polymer formed, 
a fraction of the irradiated sample was distilled for 
l hr. at 150°C. under a pressure of 0:05 mm. 
mercury, yielding a colourless distillate and a gummy 
brownish residue of heavy polymer tar. 

The concentration of p-xylene or bipheny] in the 
distillate was determined by the same analytical 
technique. 

From the concentration of p-xylene in the sample 
before irradiation, after irradiation, and in the dis- 
tillate one calculates the amount of p-xylene which 
has disappeared by radiolysis, as well as the amount 
of polymer formed, which can be differentiated in 
compounds of the boiling range of terphenyl and 
heavy polymer tar. 

No correction was made to account for the gaseous 
decomposition products, as it was found that their 
weight was well below 1 per cent of the total sample 
weight. 

Furthermore, a preliminary analysis showed that 
the amount of liquid products of lower molecular — 
weight formed upon irradiation was so small that it has 
also been neglected in the material balance calculations. 

The results have therefore been treated as if the 
disappearance of the initial compound measures the 
formation of products of higher molecular weight. 

Typical experimental results on p-xylene and bi- 
phenyl are summarized in Table 1. 

Table 1. TOTAL INCIDENT DOSAGE: 1-21 x 10% NVT (THERMAL) 


Weight (per cent) 
Unchan after irradiation 
Total polymer i 


Heavy tar | 
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From the results obtained at an incident dosage of 
1-21 x 10% nVt (thermal) (Table 1) and those 
obtained at 0-76 X 10% nV¢t (thermal) it follows that 
p-xylene polymerizes according to the same rate law 
as biphenyl, which means that the reaction is a firat- 
order process}. __ 

Mixtures of p-xylene and biphenyl varying in 
composition from 4:75 to 28-5 per cent weight of 
p-xylene were irradiated under the same conditions. 
The experimental results show that within the limit 
of accuracy of the analytical method the first-order 
rate law also apples. The results for heavy tar 
formation are not so conclusive as those concerning 
the p-xylene/bipheny] ratio. The rather large scatter 
of the results about heavy tar content versus p-xylene/ 
biphenyl ratio may be attributed to the limitations 
of the analytical method used. The general trend of 
the results is, however, in agreement with a first-order 
rate law. 

From the similarity of behaviour of p-xylene and 
biphenyl under the influence of mixed pile radiation 
one may also expect a similar behaviour with respect to 
gamma irradiation. As regards the radiochemical 
molecules polymerized of 

100 eV. 
p-xylene, its magnitude may be taken as approxi- 
mately 1-45 times the corresponding value for 
biphenyl. 

A more detailed account will be published else- 
where. 

I am indebted to Dr. F. Dupire for his advice 
about the chromatographic technique and to M. A. 
de Wilde for his interest in this subject. 


FRANOIS VAN HOKE 


polymerization yield Gp = 


Conseil en Génie Chunique, 
183 Avenue de Tervueren, 
Bruxelles, 4. 
March 14. 


*de Halas, D R., Hanford Atomic Products Operation H W-56769. 


Use of lonizing Radiation in Spot Tests 
for Nitrogenous Compounds 


SEVERAL spot tests are available for determining 
substances containing nitrogen, and are widely used 
in qualitative and semi-quantitative analysis'. All 
these involve the development of colour or fluores- 
cence by spraying with suitable reagenta. We have 
discovered that many nitrogenous compounds give a 
brown colour when spotted on to filter paper and 
exposed to doses of ionizing radiation in the range 
5 x 10*2 x 108 rads. 

The resulta described below stem from an observ- 
ation by one of us that ammonium dihydrogen 
phosphate spotted on filter paper and exposed to a 
flux of 10" neutrons/em.?/sec. in the reactor Bepo 
for six days developed a brown colour. In subsequent 
work we used a 4-MeV. linear accelerator as a radiation 
source, since this could be used to deliver 10° rads 
in & much shorter time than the reactor and without 
inducing any radioactivity. Several different types 
of filter paper were tested and Whatman No. 4 
selected as the most suitable: all papers became 
brittle and pale yellow after 10° rads, and cellulose 
acetate papers crumbled completely away after this 
treatment*®. Colours developed slowly at room 
temperature and faster on warming. The best con- 
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ditions for colour development were obtained using 
aliquots containing about 20 ugm. nitrogen exposed 
to 10° rads, when the limit of detection was approxi- 
mately 2 ugm. nitrogen. Under these.conditions well- 
defined brown spots were obtained from the following 
materials : ammonium chloride, methylamine hydro- 
chloride, diethylamine hydrochloride, glycine, alanine, 
asparagine, proline, potassium nitrate, sodium nitrite 
and nitrobenzene. Fainter spote were obtained with 
acetamide, diphenylamine, pyridine and azobenzene, 
but no spots could be found when tetramethyl 
ammonium bromide and cetyl trimethyl ammonium 
bromide were tested. f-indolyl acetic acid gave a 
pink spot, while aspartic acid and trimethylamine 
hydrochloride were anomalous in giving deep brown 
spots on heating (with or without ionizing radia- 
tion). 

The colour formation is probably due to a Maillaird 
reaction between amino-groups and aldehydic sub- 
stances resulting from radiation-induced breakdown 
of cellulose. Presumably nitro groups are reduced to 
amino groups under these conditions of irradiation, 
and tertiary amines like pyridine undergo ring 
cleavage. However, no improvement in colour 
development could be obtained by soaking the filter 
paper im glucose solution before spotting and irradi- 
ating. As an analytical technique, the reaction is not 
80 sensitive as the ninhydrin reaction for amino-acids, 
which can detect about 0-1 pgm. nitrogen, but it 
might be useful for detecting other substances which 
do not give the ninhydrin test. It has been used to 
develop paper chromatograms of amino-acids. 

Finally, the reaction may be of interest to those 
concerned with radiation dosimetry. The fact that a 
colour will develop at 5 x 10° rads, which is near the 
sterilizing dose for food and pharmaceutical materials, 
is important in this connexion. 


P. A. CawsE 
Wantage Radiation Laboratory, 
Grove, 
Berks. 


t Fagl, F, "Spot Testa in Organio Analysis” (Elsevier, 1956), 
* Saeman, J. F., Millett, M. A., and Lawton, E. J., Indust. Eng. Chem , 
44, 2848 (1954), 


Radiation Synthesis of Urea 


LOISELEUR and Perr! have reported that urea 18 
formed in the X-irradiation of an ammoniacal and 
methanolic solution of m-phenylenediamine and 
dichloromethane in the presence of air. A further 
report has been given recently by Loiseleur, Petit and 
Clémentin® on the effect of oxygen-acceptors on the 
yield of urea. We set out to synthesize substituted 
ureas and to study the proposed mechanisms, but we 
found that no urea was formed in experiments with 
similar solutions. 

y-radiation from a c#sium-137 source (dose-rate : 
101! eV./ml./min.), taking Gye = 15-5, and X-rays 
from a copper target at 40 kV. and 20 m.amp. 
(dose rate: 1-5 x 10! eV./ml./min.) were used in the 
experiments. Closed glass irradiation cells of 25 ml. 
capacity were fitted with polythene capillary tubing 
through which air was bubbled, after it had first 
passed through a vessel containing the solution to be 
uradiated. The solution (32 ml. methanol, 4 ml. 
dichloromethane, 250 mgm. m-phenylenediamine, 
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0:25 ml. 30 per cent aq. ammonia) was freshly pre- 
pared for each experiment. Reagents were carefully 
purified: methanol and dichloromethane were 
fractionated ; ammonia (sp. grav. = 0-880) was 
diluted with distilled water; m-phenylenediamine 
was twice distilled under nitrogen and used immedi- 
ately after the second distillation as well-defined 
light-yellow crystals (m.p. 61° C.) and xanthydrol was 
synthesized and used as a 10 per cent solution in 
ethanol’. After receiving tptal absorbed doses of 
y-radiation ranging from 6 x 10! eV./ml. to 7 x 10% 
eV./ml. and of X-rays at 4:5 x 10! eV./ml., the 
solutions were analysed for urea using Fosse’s method 
with the xanthydrol reagent. This is the method 
used by Loiseleur and it might be noted that it is not 
specific for urea although a well-defined dixanthyl 
ures compound is formed‘. (The reaction was 
erratic and even failed to proceed with quite large 
amounts of added urea when the reagent was used in 
the normal way.) 

In all experiments where the xanthydrol reaction 
‘was used, whether the solutions were irradiated or 
not, well-defined white crystals were obtained in 
reasonable yield. Infra-red absorption spectra and 
elemental analysis showed quite clearly that the 
compound was not dixanthylurea. The empirical 
formula was C,4.7H,.,N 9-3.O0-¢1- 

A paper chromatographic method was therefore 
developed to detect urea. Various methods are 
avauable for the detection of as little as 10y of urea’. 
However, the uni-dimensional technique with numer- 
ous solvents failed to distinguish urea satisfactorily 
from the more reactive m-phenylenediamine. The 
two-dimensional technique with buteanol/ethanol/ 
water (4:1: 1) was adequate for more than 50y 
urea. Aqueous pyridine (4:1) was found to allow 
good separations using the uni-dimensional ascending 
technique. The chromogenic t was 1 per cent 
dimethylaminobenzaldehyde in ethanol containing 
1 ml. concentrated hydrochloric acid. After spraying, 
the chromatogram was heated at 100°C. for 5 min. 
to increase the intensity of the yellow urea spot. The 
limiting sensitivity of the method was 10-20 ugm. of 
urea in 1,400 pgm. of m-phenylenediamine. 

Analyses by paper chromatography of aerated 
solutions, which were irradiated as described above, 
showed no trace of urea. For comparison, the lowest 
urea yield reported by Loiseleur and Petit (350 mgm. 
urea derivative per 100 ml. after an estimated 
0-75 x 10° r. of X-rays) is well within the limite of 
detection by chromatography. Our conclusion from 
these preliminary experiments, which were arranged 
to reproduce the conditions reported as closely as 
possible, is that no urea is synthesized by y- and 
X-radiation of the ‘Loiseleur’ solution, or that the 
synthesis is extremely sensitive to dose-rate. 


S. Dru 
J. H. Green 


Department of Nuclear and Radiation Chemistry, 
University of New South Wales, 
Sydney. 


1 Loiseleur, J., and Petit, M., O.R, Acad. Ser, Paris, 240, 1026 (1956). 
Lolseleur, J, J. Chim. Phys., 58, 626 (1955). 

3 Lotseleur, J., Petit, M., and Olémentin, A., O.R. Acad. Sei., Paris, 
248, 1720 (19590). 

* Kny-Jones, F., G., and Ward, A. M., Analyst, 64, 574 (1929). Gilman, 
Hand Blatt, A. H. “Organic Syntheses", Collective VoL 1 
(Wiley, Now York, 1941). 

4 Elderflold, R. O.. edit. by, ‘Heterocyclic Compounds”, 2 (Wiley, 
New York, 1951). 

‘Milks, J. E, and Janes, R N., Anal. Chem., 28, 846 (1956). 
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Overturning of Stearic Acid Molecules in 
Monolayers 


I HAVE recently reported some experiments on the 
exchange of stearic acid molecules and potassium 
ions between mica surfaces brought mto contact. and 
emphasized the importance of these phenomena in 
lubrication’. I wish now to describe some further 
results of these experiments, and discuss. their 
significance in terms of the motions which long-chain 
polar molecules in mono-molecular layers on solid 
surfaces may undergo. 

Rideal and Tadayon? first reported radiometric 
observations on the transfer of stearic acid—carbon-14 
from monolayers deposited on solid surfaces to other 
solids brought into contact with them. Their experi- 
ments were carried out with metal-coated mica 
sheets as substrates, and no measurements of the 
area of contact were made, although it was suggested 
that it was only a small fraction of the total area of 
the sheets. After long periods (20-100 hr.) of contact, 
an apparent equilibrium in the amount transferred 
was reached. In Table 1, their results are summarized 
in terms of the surface from which the stearic acid was 
removed. 


Table 1. ‘EQUILIBRIUM’ TRANSFER OF STRARIO ACID; 36° C, (RIDHAL 
AND TADAYON) 


From To Amount From To Amount 
(per cent) (per cent) 
nice fae ae cer i 
ca ver 
Platinum 90 Copper 4 Tm 8 
Platinum 8 
60 Nickel 6 
Tin Nickel 65 Nickel 8 
Copper 85 Oopper 10 
Silver 
oe gies as 
pper ver 


As shown in Table 1, the substrates used fall into two 
groups: those which can give up a major fraction of 
the stearic acid (mica, tin, silver) are relatively inert 
to reaction with the fatty acid, while those which lose 
only a few per cent of the acid initially present 
(copper, nickel) are reactive metals. (Platinum seems 
to be somewhat anomalous ; as Young’ has suggested, 
this may reflect a strong physical mteraction due to 
the thinness or absence of an oxide film on platinum.) 

In the previous report’, it was shown that the 
extent of transfer of a stearic acid monolayer between 
two mica sheets brought into contact for even a few 
minutes was about half that present in the area of 
contact. It was also found that potassium ions from 
the exchangeable-ion sites on the mica surfaces were 
exchanged, even in the presence of the stearic acid 
monolayer. Two other cases have now been examined 
qualitatively. Transfer between two monolayers of 
stearic acid has been observed, using one radioactive 
and another non-radioactive stearic acid film, both 
deposited on mica. Some observations of transfer 
from barium stearate monolayers (stearic acid 
spread on solution 10-* M barium chloride and 107° M 
in potassium bicarbonate, adjusted to pH 9 with 
potassium hydroxide) on mica have also been made. 
Tn the present measurements, the technique of Rideal 
and Tadayon was used. The possibility of vapour- 
phase transport in these systems was also examined. 
Young? had observed such transport at elevated 
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Table 2, OBSERVED COUNT RATES (PER ea on AtioA SHEETS IN 
BACH F 


CONTACT AND TRANSFER EXPERIMENTS 5-10 MIN.) 
(Corrected for background count) 
Radioactive sheet Inactive sheet 
Initial Final 
5 eaa eT 650 c./m. 650 0 «/ 
epara mmn., air ¢./m, c aju 
Separated 1 mm., p = 50u 660 450 i 75-150 
ntact 650 — uncoated 18—40 
stearic aad 


monolayer 6-15 
Barium stearate monolayers : 
Separated 1 mm., p = Dou 650c¢./m. 620 ojm 
Contact 650 — 


42 o/m. (uncoated) 
temperatures, and suggested that it might account 
for the apparent diffusion described by Rideal and 
Tadayon. The present experiments were carried out 
at room temperature (25 + 2°C.). 

The experimental results are shown in Table 2, 
where count-rates observed with an end-window 
Geiger-Müller counter placed over the sample after 
the indicated exposure are listed. For the measure- 
ment of initial rates, and for the samples exposed 
without contact, a mask was used and an area of 1 
cm.? near the centre of the sheet was examined. 
The samples in contact, as nught be expected, showed 
wide variations in activity over their surfaces. The 
values given for them represent the count-rate of 
the whole sheet (observed without a-mask) divided 
by the sheet area to give the average count-rate for 
1 em.?. 

As jndicated in Table 2, exposure of two sheets of 
mica l mm. apart in room air shows no significant 
transfer after 5-10 min. After 1 hr. of such exposure, 
the result is the same. However, when the samples 
are placed in a vacuum chamber and the pressure is 
reduced to 50u for 5 min., almost one-third of the 
activity of the radio-stearic acid monolayer is lost, 
and a comparable amount is found on the initially 
inactive sheet. With barium stearate, however, the 
loss of activity is much less. In contact experiments, 
however, no such difference appears; transfer of 
barium stearate and stearic acid to fresh mica 
surfaces is of the same order of magnitude. When a 
stearic acid monolayer is confronted not with a clean 
mica surface, but with one which is coated with 
another stearic acid monolayer, transfer (exchange 7) 
also occurs. It seems that the amount transferred is 
less in the latter case, although the possible variation 
in true contact area in these experiments prevents 
any definite statement on this point. 

The results are in good agreement with the obser- 
vations of Young on stearic acid and stearate mono- 
layers, and support his suggestion of vapour-phase 
transport in the work of Rideal and Tadayon. If 
we consider all these results in the framework of 
Langmuir’s mechanism for the overturning of 
stearate molecules in monolayers‘, correlations are 
obvious. The molecules in the monolayer are held in 
their ‘normal’ (polar head toward the substrate) 
position if there is a strong interaction between the 
polar head and the underlying material. This can be a 
chemical bond or perhaps a strong physical inter- 
action such as that between stearates and platinum. 
This accounts for the strong attachment, lack of 
reduction of contact angle in the presence of water and 
lack of vapour-phase transfer with monolayers on 
reactive solids. 

If a stearic acid monolayer is deposited on an 
unreactive substrate, some of the molecules may at 
any time be overturned. Whenever there is a possi- 
bility of anchoring these molecules in the over- 
turned position (another surface brought into contact 
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or a liquid water drop placed on the surface), such a 
process will proceed to an equilibrium determined by 
the minimization of the energy of the system. Ana- 
logous behaviour will be found with soap monolayers. 
It now appears probable that the transfer of potassium 
ions observed in my previous work! is to be associated 
with soap formation. 

Differences should, however, be expected in the 
vaporization behaviour of divalent soap and free- 
acid monolayers on ungeactive solids. The energy 
required to separate a barium stearate molecule from 
its neighbours will obviously be greater than that 
required to remove a single stearic acid molecule, on 
the basis of chain-chain interactions. This is in 
agreement with the experimental results. 

From the pomt of view of lubrication phenomena, 
of course, it is necessary to consider liquid systems 
and adsorbed polar films. Studies of how the presence 
of bulk liquid will affect the processes described above 
are now in progress. 


GEORGE L. QAINES, JUN. 


General Electric Research Laboratory, 
Schenectady, New York. 


? Gaines, jun., G. L., Natures, 183, 1110 (1959). 

* Rideal, E., and Tadsyon, J., Proc. Roy. Soc., A, 225, 346 (1954), 
* Young, J. E., Aust. J. Okem., 8, 178 (1955). 

t Langmuir, L, Science, 87, 493 (1988). 


Study of the Oxidation of Hindered Phenols 
by Electron Spin Resonance 


Tem detection by electron spin resonance of the 
2,6,-di-t-butyl-4-methylphenoxy radical during the 
oxidation of the corresponding phenol with lead 
dioxide has been reported recently’. The purpose of 
this communication is to report a similar investigation 
of the free radicals formed during the oxidation of 
solutions of the hindered phenols 2,6,-di-t-butyl-4-R- 
phenol [where R = methyl (I); ethyl (11); and 
t-butyl (III)] with an alkaline solution of potassium 
ferricyanide. 

This method of oxidation has the advantage that 
only the phenoxy radicals are formed, whereas in the 
former case secondary radicals were soon observed. 
Furthermore, the hydrocarbon solution of the radical 
can be rapidly separated from the oxidizing medium, 
which permits the kinetics of radical decay to be 
determined. 

Both the methyl and ethyl phenols, (I) and (I), 
give transient electron spin resonance spectra which 
are attributed to the corresponding phenoxy radicals, 
(IV) and (V). The ¢-butyl phenol (IO) gives the 
spectrum due to the stable phenoxy radical (VI) *. 


R= methyl (IV) 
ethyl (V) 
t-butyl (VI) 


t Bu 


The spectrum from the methyl phenoxy (IV) 
consists of four triplets. This is identical with the 
spectrum already reported’. The spectrum of the 
ethylphenoxy (V) consists of three triplete, and 1s 
attributed to the interaction of the unpaired electron 
with the two —CH,— protons of the ethyl group 
(major splitting) together with a much smaller inter- 
action with the two ring protons. The interaction 
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Table 1. HYPERFINM SPLITTING CONSTANTS OF 2,6-DI4-BUTYI-4-R- 
PHBROXY RADICALS 


Hyperfine splitting (@rsted) 
ara-alkyl protons 


Para-substituent R 

Ring protons 
1°65 + 0 05 
1 70 + 0-05 
1°84 + 0°05 


110 +01 
8°65 + 0-1 
not resolved 


t-Butyl not resolved 





with the —CH, protons of the ethyl group is too small 
to give a resolvable splitting of the spectrum. This 
is in line with the fact that the protons of the para 
t-butyl group of the butyl-phenoxy (VI) do not give 
a resolvable splitting. The hyperfine splitting 
constants of the electron spin resonance spectra are 
summarized in Table 1. 

The assignment of the electron spin resonance 
spectra to the phenoxy radicals is confirmed by the 
fact that all three spectra can be interpreted logically 
on the same basis. 

The oxidation of the methyl phenol (I) yields 
appreciable amounts of the followmg dimers: 1,2- 
bis(3,5-di-i-butyl-4-hydroxyphenyl) ethane and 3,5,3’,- 
5’-tetra-t-butylstilbene-4,4’-quinone, which suggests 
that the initial oxidation occurs on the methyl group 
to give the 4-hydroxy-3,5,-di-i-butylbenzyl radical. 
However, Cook et al.* have suggested that the following 
sequence of reactions occurs during the oxidation : 


aan ig Sas oN TR Hr products (1) 
[0] [rearrangement] [dimerization ] 


Becconsall et al. have confirmed that the phenoxy 
radical (IV) is formed during the oxidation, but 
suggest that the next step is the formation of a 
complex between two phenoxy radicals, rather than 
a re-errangement to the benzyl radical. There is also 
the possibility that the phenoxy radical decays by 
the reaction : 


phenoxy + phenol——»pheno] + benzyl (2) 


The present results show that the methyl phenoxy 
(IV) decays with first-order kinetics, and that the 
rate of decay is independent of the concentration 
(0-1-5 per cant) of the parent phenol (I) initially 
present. However, the rate of decay is influenced by 
the solvent, and is slower in a highly polar solvent ; 
for example, the rate constants in benzene, methyl- 
cyclohexane and acetone at 25° O. are 1-33 x 10-3 
sec.-4, 1-23 x 10-* sec.) and 0:35 x 10-* sec.-} 
respectively. In methyleyclohexane the decay pro- 
cess has an activation energy of 11-4 keal./mole 
and a frequency factor of 3-1 x 10° sec.-. 

These kinetic results show that the phenoxy radical 
does not decay according to equation. (2), since such 
a reaction would follow second-order kinetics. 
Furthermore, the first-order kinetics are consistent 
with the decay being due to an intramolecular 
rearrangement rather than dimerization or complex 
formation, which would follow second-order kinetics. 

The suggestion that two phenoxy radicals form a 
complex before rearranging is based on the fact that 
the crosa-products, from the reaction between phenoxy 
and benzyl radicals, are not formed in appreciable 
quantities. However, recent results suggest that the 
t-butyl-phenoxy (VI) reacts surprisingly slowly with 
various other free radicals‘. Thus it is quite possible 
that the cross-reactions in the case of the methyl 
phenoxy (IV) only occur slowly. 
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The frequency factor is very low for a unimolecular 
reaction. Dewar’ has suggested that during an 
intramolecular rearrangement the migrating group 
forms a x-complex with the ring, and that bulky 
substituents on the ring will reduce the rate of 
rearrangement. In addition, since a free radical 
possesses an excess electron, it will only form a 
m~-complex with difficulty and thus be rearranged only 
slowly. Both these effects may be the cause of the 
low rate of rearrangement found for the methyl 
phenoxy (IV). 

The ethyl phenoxy (V) also decays with first-order 
kinetics, but at a slower rate than the methyl phenoxy 
(IV); for example, the rate constant in benzene at 
25° C. is 0-75 x 10-* sec.?. The first-order kinetics 
for the ethyl phenoxy (V) show that this also decays 
by a rearrangement reaction. This is in contrast to 
the tsopropylphenoxy (R = isopropyl), which decays 
by a radical—radical reaction, giving second-order 
kinetics‘. 

I wish to thank the directors of “Shell” Research, 
Ltd., for permission to publish this communication, 
Mr. J. H. T. Brook and Dr. R. L. Allen for helpful 
discussion, and Mr. E. J. H. Morgan for assistance in 
the experimental work. 

J. E. BENNETT 
“Shell” Research, Ltd., 

Thornton Research Centre, 

P.O. Box 1, r 
Chester. 
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Decomposition of Methyl Acetylene 


METHYL ACETYLENE (propyne) is akin to acetylene 
in being an endothermic compound the induced 
decomposition of which will support a flame in the 
absence of air. The work now reported and a parallel 
investigation! have shown that as in the case of 
acetylene there is a critical pressure below which a 
flame is not propagated in pure propyne vapour. 
This low-pressure limit of propagation has been 
determined in a cylindrical vessel of internal dimen- 
sions 2 in. diameter by 7 in. long mounted vertically ; 
the pressure of the vapour in the vessel was measured 
by means of a Bourdon gauge with a steel tube. A 
fuse-wire igniter supported on the vertical axis near 
the bottom of the chamber was used to ignite the 
vapour ; the wire, a l-in. length of 0-0135 in. diameter 
tinned copper, was energized by a 12 volt a.c. supply. 
Determinations were made at approximately 20° C. 
and at 120° C. by increasing the pressure of propyne 
vapour in the vessel until propagation occurred 
(indicated by a pressure rise) when the igniter was 
fired 


Dilution tests bave been made in the same appara- 
tus, which was then contained in a heated cabinet 
maintained at 120° C. to prevent condensation of the 
propyne vapour at the pressures used. Propyne 
vapour was mixed with nitrogen, methane and ethane 
respectively ; the composition of the mixtures was 
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Table 1 





determined from measurements of the partial 
pressures of the constituents in the apparatus and 
checks were made by analysis using a mass-spectro- 
meter. The minimum amount of each diluent 
required to prevent flame propagation in the mixture 
at total pressures of 100, 200 and 300 pounds per 
square inch (gauge) was determined. 

The resulta of the determinations are shown in 
Table 1. 

At the low-pressure limit the dissipation of heat 
from the flame is so disproportionately large com- 
pared with the heat release by reaction that the 
flame temperature is reduced to a point where the 
reaction cannot contmue and extinction occurs. The 
heat is dissipated as radiant losses, in heating the 
combustion products of the flame and any diluents in 
the flame, and possibly by thermal cracking of the 
diluefts. Thus diluting the flame increases the 
quantity of heat dissipated within it and limits can 
occur above the low-pressure limit for pure propyne. 

As might be expected from the presence of the 
methyl group attached to the acetylene molecule the 
value of the low-pressure limit of propyne is higher 
than that reported for acetylene in a vessel of the 
same diameter*. An increase of the temperature of 
the system causes a decrease in. the lower limit of 
flame propagation for propyne, presumably by 
decreasing the radiation loss from the flame front 
to the container walls and also by increasing the 
available enthalpy in the system. When the values 
of the low-pressure limit from this and a parallel 
investigation! are plotted versus diameter of vessel 
in which the determinations were made, a graph of 
the same form as that reported for acetylene is 
obtained, though the minimum decomposition pressure 
range reported for acetylene and some substituted 
acetylenes* hes not been investigated in this work. 

As an inhibitor of the decomposition flame nitrogen 
is the least efficient of the diluents used, followed by 
methane and then ethane. This is the order expected 
on the basis of the combined effect of the molar heat 
capacities and readiness to decompose with absorption 
of heat. Thus the hydrocarbons are the more efficient 
as they have higher specific heats than nitrogen and 
they absorb heat on cracking; ethane is more 
efficient than methane as it is less thermally stable’. 
This result is in agreement with previous work‘ 
where dilution testa were made with acetylene 
mixtures at total pressures up to 100 pounds per 
square inch (gauge), which showed that the efficiency 
of hydrocarbons in inhibiting the reaction increased 
with increasing molecular weight, and to a much lesser 
extent with decreasing thermal conductivity. The 
result is also in agreement with other results for 
acetylene decomposition at pressures up to 300 
pounds per square inch (gauge), where methane 
appears to be a more efficient inhibitor than nitro- 
gen; no explanation of the results is offered by the 
authors’. 
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The products of the decomposition of propyne 
are soot and gases. Mass-spectrographic analysis of 
the cooled gases from both pure and diluted propyne 
showed them to be hydrogen and methane (the latter 
up to 30 per cent of the total volume), though un- 
reacted propyne and traces of ethylene and acetylene 
were found and the diluents from the mixtures. No 
‘fixing’ of the nitrogen as hydrocyanic acid or 
ammonia previously reported for acetylene. and 
nitrogen mixtures? was noted. It is believed that this 
is because of the low temperature of the reaction 
(approximately 1,550°C. theoretical temperature 
for the reaction C,H, = 3Cy) + 2H,, and probably 
much Jess than this due to radiation loss from the 
flame); previous work? indicates that free carbon 
must be available at temperatures above 1,700° C. in 
the presence of nitrogen and hydrogen in order for 
hydrooyanic acid to be formed. 

The propyne used was approximately 98 per cent 
pure, the main impurity being the isomer allene. 

The work was carried out at the Rocket Propulsion 
Establishment, Westcott, Bucks. The help and 
guidance given by Dr. A. R. Hall during the course 
of the work are gratefully acknowledged; the gas 
analyses were made by Dr. G. A. Heath. 

FE. FITZGERALD 
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Birmingham, 4. 
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Alkylation of Coal by Benzyl Chloride- 
Aluminium Chloride 


ALTHOUGH several reports have recently been 
made! on the carbonization of model substances 
synthesized to imitate the structure of coal, the study 
of coal pyrolysis has been hampered due to laok of 
knowledge of the pattern of behaviour of the function- 
al groups, It was therefore decided to alkylate 
coals with alkylating agents of known structure and 
study their behaviour on carbonization. This seems 
to be the first time that alkylation of coal has been 
reported. 

Coal (25 gm.) suspended in carbon disulphide 
(40 ml.) was heated with benzyl chloride (10 ml.) in 
the presence of anhydrous aluminium chloride 
(3 gm.) at 90-100°C. for 2 hr. Under similar con- 
ditions benzene is known to be alkylated to diphenyl 
methane’. The product was then hydrolysed by 
hydrochloric acid and filtered. The residue was 
repeatedly washed with distilled water until free of 
acid, and then dried in a vacuum oven. 

Elementary analyses of the coals and products are 
given in Table 1. With the exception of lignite, the 
coals show an increase in the content of volatile 
matter. Similarly, except for the high-rank Albion, 
Jharia and Bhulan Bararee coals, all the coals show 
an increase in their carbon content. The ratio 
hydrogen/carbon changes erratically—in some cages 
increasing, in others decreasing, and in others not 
showing any change. 
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Table 1. 


Elementary analysis of original coal 
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Klemen analysis of alkylated coal 
(dry el free basis per cant) 


C 

73 4:6 
82 5:7 
78- 5:0 
85 5 6 
82: 5 2 
86 6-1 
87- 49 





Table 2, Low-THMWPERATURE OARBONIZATION OF ALKYLATED COAL 





Original coal 
(dry mineral-free basis per cent) 


A careful study of the ratio hydrogen/carbon in 
alkylated models of polycondensed aromatic systems 
shows that 1t depends on the number of aromatic 
rings present in the system. For example, benzene, 
naphthalene, and pyrene exhibit a decrease in the 
ratios hydrogen/carbon on alkylation, whereas a 
10-membered system indicates an increase in the 
hydrogen/carbon ratio on alkylation. But in the case 
of coal, it is not clear whether or not the variation in 
the hydrogen/carbon ratio is attributable to the 
number of rings in the aromatic system. X-ray 
results with treated coals have indicated marked 
variation in the size and distribution of the aromatic 
nucleus compared to original coals (Ali, S. Z., private 
communications). 

The most significant changes are in the carboni- 
zation assays (Table 2). In all cases there is con- 
siderable increase in the yield of tar, which is nearly 
doubled. Except for lignite, the coals show a decrease 
in the coke yield. In the cage of lignite there is a 
marked decrease in the liquor yield and also in the 
coke yield. But in the other cases there is no regularity 
about the variation in the liquor. There is also a 
deterioration in the quality of coke. For example, 
Bhulan Bararee coal gave originally a G, type coke, 
but after treatment only a O type coke. In all cases 
there is a decrease in yield of gas. 

There is no doubt that coal reacts with benzyl 
chloride and that this reaction considerably influences 
the yield of tar, and the quality of coke. A detailed 
consideration of the structural changes on alkylation 
ne the changes on carbonization will be published 
ater. 

M. 8. IYENGAR 
D. D. BANERJEE 
D. K. BANERIBE 
Central Fuel Research Institute, 
Jealgora , Bihar, India. 
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Alkylated coal 
(dry mineral-fres basis per cant) 





Acidic Dissociation Constant of Alcoholic 
Hydroxyls of Oxycarboxylic Acids : 
Mandelic Acid’ 


THE oxycarboxylic acids are very strong complex- 
forming agents, and both the carboxylic and the 
alcoholic hydroxy] groups take part in such formation. 
For calculation of complex stability constants it is 
necessary to know the acidic dissociation constante 
of both groups. However, the alcoholic hydroxyls 
are so weakly acidic that it is not possible to determ- 
ine the dissociation constant by the usual methods. 
So far as we know, until now none of the oxycarb- 
oxylic acids has been investigated successfully from 
the point of view of acidity of alcoholic hydroxyls. 
The only data which we found referred to citric acid ; 
however, these were theoretical values’. 

In general, the oxycarboxylic acids show no 
absorption even in the extreme ultra-violet regions. 
An exception is the absorption of mandelic acid, 
which, due to the benzene ring, is fairly high in the 
ultra-violet region. However, absorptions of mandelic 
acid and the mandelate ion do not differ from each 
other. We determined the change of absorbancy at 
very high pH, that is to say, in strongly alkaline 
solution. 

The mandelic acid shows a maximum absorption 
at 264 mu and a minimum at 244 mu. The effect of 
ionizing the carboxyl group is to increase the 
maximum to 260 mp; however, the minimum does 
not change. The effect of greater alkali concen- 
tration (increasing ionization of alcoholic hydroxyl) 
causes both the maximum and the minimum to 
disappear ; the absorption monotonously increases 
with decreasing wave-length. 

To caloulate the dissociation constant we assumed 
that the only reason for the change in absorption on 
treatment with sodium hydroxide is the gradual 
ionization of alcoholic hydroxyl. Table 1 shows the 
change of absorption at 244 my as a function of pH. 
We used the pH values determined by Schwarzen- 
bach and Sulzberger? instead of sodium hydroxide 
concentration. The absorption does not reach a 
limiting value due to the equilibrium : 
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C,H,CH:COO- = O,H,-CH-COO- + H+ 
OH O- 


(I) (11) 

being shifted so far to the right even at maxımal 
sodium hydroxide concentration that practically all 
the mandelic acid 1s ın the form of ion IJ. Thus 
the molar absorption of II cannot be calculated 
directly and hence we calculated it by Stearns and 
Wheland’s method’. The molar absorption of I at 
244 mu is 120-5, while that of IT is 719 at the same 
wave-length. Using these values the concentrations 
of I and TI ın the dissociation constant : 


m E9 
Emm 


can be calculated. The values of K are given in the 
fourth column of Table 1, its average being 7-19 x 
10-78, : 


Pa 


Table 1 
[NaOH] pH Asay K x 10" 
ms 4 0-250 — 
wee 19 0 -236 — 
0 279 18-3 6 250 6:75 
1-305 14-1 0-844 8 24 
2°79 14°5 0-477 8-29 
5'58 15:2 0-747 4°45 
10-16 16 2 1 815 7°96 
Average 7-19 


Details of this research will be published in full 
elsewhere. Thanks are due to Dr. J. Ceászár for the 
measurements of absorption. 


. M. T. Brox 
Institute of Inorganic and Analytical 
Chemistry, 
M. HaLMoOsS 
Institute of Organic Chemistry, 
University of Szeged, 
Hungary. 
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BIOCHEMISTRY 


Structure of Bhilawanol 


BHILAWANOL is the golden yellow liquid found in 
the pericarp of the marking nut Semecarpus ana- 
cardium. It forms a di-naphthylurethane and a 
dimethyl ether and on catalytic reduction it absorbs 
one mole of hydrogen to give hydrourushiol (3- 
pentadecylcatechol)+*. 

Ozonolysis of the diphenylmethylene ether gave 
heptaldehyde? (in low yield), suggesting that at least 
a portion of the bhilawanol is 3-(pentadeceny!]-8’)- 
catechol (thus corresponding to the urushenol of 
poison ivy and Japanese lac’). 

Although distillation of dimethyl bhilawanol’ and 
chromatography of the diphenylmethylene ether’ 
pointed to bhilawanol as being a single substance, 
chromatography of the dimethyl bhilawanol using 
the procedure described by Symes and Dawson* 
showed that it was not homogeneous (Symes, W. F., 
unpublished work). Furthermore, the glycol, m.p. 
56-60°, prepared by performic acid hydroxylation of 
distilled dimethyl bhilawanol, on chromatographing, 
separated into two glycols, one melting at 66-8°, the 
other at 934° (Symes, W. F., unpublished work). 

The low-melting isomer is identical to the glycol 
prepared by performic acid (trans) hydroxylation of 
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the dimethyl ether of the stereochemically pure cis 
poison ivy urushenolt. The high- melting isomer is 
identical to the glycol prepared by osmium tetraoxide 
(ots) hydroxylation of this same material?. It there- 
fore becomes clear that the bhilawanol is a mixture 
of the cts and trans isomers of urushenol. 

These conolusions are evident from Table 1. 


Table 1 


Dimethyl ether 





* Distulled but not chromatographed; t performio acid i Las 
iion; tsynthetic (ref. 8); § osmium tetracxide hydroxylatt 


The meltmg ranges of the solid derivative, the 
dinaphthyl urethane, is evidently a poor criterion of 
homogeneity in this series. 

Bhilawanol and the cts—-trane urushenol prepared 
by acid catalysed isomerization of ofs urushenol® 
are very similar, and there can be litle doubt that 
bhilewanol contains a component identical to the 
monolefinie component of poison ivy urushenol. 


BERNARD Lorv® 
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Columbia University, 
New York. 
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Age Difference in Nicotinamide 
Mononucleotide Synthesis by Human 
Erythrocytes 

Ir is well known that human erythrocytes contam 
an active enzyme system capable of synthesizing 
considerable amounts of nicotinamide mononucleotide 
from nicotinamide added in virot. The nicotinamide 
mononucleotide synthetase is very specific for human 
erythrocytes as the only other mammal in the blood 
cells of which it could be detected is the guinea pig’. 
It was found here, however, that the activity of the 
given synthetase m human erythrocytes can be 
shown at the beginning of the fifth month of life 
when its activity rapidly reaches almost a maximum 
level, remaming then practically without change. 
Whereas mammalian erythrocytes not synthesizing 
nicotinamide mononucleotide are characterized by a 
high content of pyridine nucleotides, their amount 
being several times higher than in human and guinea 
pig erythrocytes’, the non-synthesizing child ery- 
throcytes contain even somewhat less pyridine 
nucleotides than those of adult humans. 

The amount of pyridine nucleotides and the 
nicotinamide mononucleotide synthetase activity 
were determined fluorometrically by a slightly 
modified method of Leder and Handler’. The 
nicotinamide mononucleotide synthetase activity was 


expressed as : 
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b- a 


L. E 
Toh a 


where a is the concentration of pyridine coenzymes in 
ymoles/ml. erythrocyte mass before incubation and b 
the same after 20 hr. stationary incubation at 37° C. 
m Krebs-Ringer phosphate solution containing 
250 mgm. per cent glucose and 2 per cent nicotin- 
amide besides the mineral constituents. A total of 80 
samples of heparinized bigod from quite normal 
children and adults was examimed. The results are 
shown in Fig. 1. 
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a 
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(mth.) Age (yr.) 
Fig.1. Age difference in nicotinamide mononucleotide synthetase 
activity in human erythrocytes 


The erythrocyte synthetase activity of adult 
humans under the given conditions amounts to 4:8 
+ 1:3. Marked changes are observed in some 
diseases; for example, the activity is considerably 
decreased or completely lost in urwmia (a com- 
munication on this point will be presented later). 
The content of pyridine nucleotides in adult human 
erythrocytes is 0-11 + 0-01 umole/ml. erythrocyte 
mass, © s of mfants before 4 months of age 
0:09 + 0:01 uwmole/ml. The pyridine coenzyme- 
level of erythrocytes is very constant and is not 
affected by those factors which change markedly the 
nicotinamide mononucleotide synthetase activity in 
vivo. 

The basis of inability of sucklings’ erythrocytes to 
synthesize nicotinamide mononucleotide has not yet 
been elucidated. It is possible that erythrocytes 
produced in the course of the first months of life, 
when the synthesis of foatal hemoglobin regresses, are 
not mature in this respect; it cannot be excluded, 
however, that a specific or a non-specific inhibitor of 
the given synthetase was present. 

However, the results present a further proof that 
human biochemical ontogenesis is not limited to the 
embryonic and foetal period. Some metabolic systems 
develop and improve only after birth; the first 
months of life appear to be of exceptional importance 
in this respect. 

We are grateful to Dr. M. Lukešová, Clinic of 
Pediatry, and to Dr. V. Čepelák, Medical University 
Clinic, for supplying us with the blood samples. We 
also wish to thank Miss E. Maidlové for technical 
agsistenco. 
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Microbiological 118-Hydroxy 
Dehydrogenation of Corticosterone 


A 1.ABGE number of bacteria are known to dehydro- 
genate the secondary alcohol group of the steroid 
molecule, at carbon 3 and 171, and also in position 7 
and 123. 

However, dehydrogenation of the 11B-hydroxy 
group by micro-organisms has been reported in a few 
cases. For example, Cunninghamella blakesleeana® 
produced a certain amount of cortisone as a by-pro- 
duct of hydrocortisone from Reichstein’s compound 8, 
and Trichotheciwm roseurn produced a smali amount of 
cortisone besides hydrocortisone from corticosterone. 
From these examples, it appears that 118-hydroxy 
dehydrogenase, which has been known to be present 
in mammalian tissues, is also present in micro- 
organisms. 

During our work on microbiological oxidation of 
steroids, we found the effective dehydrogenation of 
the 118-hydroxy group of corticosterone by Absidia 
regnieri, In this case, introduction of a hydroxy 
group in the 14« position of the steroid molecule 
was caused by this micro-organism. 

The t communication reporte the effective 
dehydrogenation of the 118-hydroxy group of cortico- 
sterone. In our experiment, Abstdia regnieri was 
grown on & reciprocating shaker for 48 hr. at 27° in 
5 l. of @ medium of the following composition : 
5 per cent glucose, 2 per cent peptone and @5 per 
cent corn steep liquor. Then 2-5 gm. corticosterone 
dissolved in methanol was added in this culture and 
fermentation was allowed to proceed for an additional 
48 hr. At the end of fermentation, the culture was 
separated into mycelium and liquid, and these were 
extracted with ethyl acetate ester, respectively. The 
combined ethyl acetate ester extract was evaporated 
to dryness in vacuo. Paper partition chromatography 
of this residue showed only one oxygenated product 
and no unreacted steroid. The oxygenated product 
was isolated by direct crystallization or chromato- 
graphy of ‘Florisil’. 

Crystallization of this residue with acetone afforded 
a 14«-hydroxy-ll-dehydrocorticosterone (I); m.p. 
208-215°; [a]p + 69° (methanol); aMeOH 237-5 my 
(e = 15,000); AKB! 3,480, 1,705, 1,660 and 
1,620 em.-!; anal. found: C, 69-70; H, 7°78 per 
cent; calc.: C, 69-97; H, 7:83 per cent. 21-Mono- 
acetate of I was prepared with pyridine and acetic 


anhydride; m.p. 204-5°; MeOH 937 mu (s = 
15,300); A&B! 3,560, 1,760, 1,735, 1,690 and 
1,625 om.7}. 


The structure of I was established in the following 
manner. When 1l-dehydrocorticosterone was fer- 
mented with this fungus, the oxygenated product 
obtained was identical to I. This result and the 
observed ultra-violet maximum 237 mp of I indicate 
that the 118-hydroxy group of the steroid was con- 
verted to ketone. To decide the position of the new 
hydroxy group imtroduced, we have prepared new 
steroid 14a-hydroxy-corticosterone (II) by incubation 
of known Il4a-hydroxy-deoxycorticosterone with 
Stachylidtum bicolar, which is capable of 118-hydroxyl- 
ating of steroid. The compound I melted at 206- 
215°; [«]p + 180° (methanol); »MeOH 241-5 my 
(£ = 16,600); »XBF 3,400, 1,710, 1,650 and 1,620 
em.-!. The 2]-acetate of IL prepared with pyridine 
and acetic anhydride was oxidized with chromium 
trioxide-pyridine to 1l-ketone. The material thus 
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obtained agreed with the 2l-monoacetate of I by 
physical constants and infra-red spectrum. This 
result indicates that the newly introduced hydroxy 
group must be l4a-hydroxyl. 

- From these results we conclude that the structure 
of I is 14e-hydroxy-11-dehydrocorticosterone. This 
fungus, however, had no effect on the conversion of 
epicorticosterone and hydrocortisone. This fact 
shows the marked stereospecificity of this dehydro- 
genase, that is, it acts only on 116-hydroxyl of 
corticosterone and not on that of hydrocortisone 
or lla-hydroxyl of epicorticosterone. 

With the other steroid substrate, this fungus also 
showed remarkable substrate specificity as reported 
previously®. That is, it hydroxylated progesterone or 
deoxycorticosterone at the l4x-position and 17a-hy- 
droxyprogesterone or Reichstein’s compound S at 
the 1la-position. 

We wish to acknowledge with thanks the helpful 
advice of Profs. K. Tsuda and T. Asai, of the 
University of Tokyo. 
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Enhancement of Peroxidase Action by 
Polysaccharides 


A NUMBER of polysaccharides act as polymerization- 
directing matrices in peroxidase-catalysed eugenol 
oxidations'. . Although deoxyribonucleic acid and 
cellulose increase markedly the rate of Fe(IIT)- 
catalysed pyrogallol oxidation by hydrogen 
peroxide*.’, a similar test of polysaccharides has not 
been reported previously in peroxidase-catalysed 
reactions. 

The present results show that the catalytic activity 
of peroxidase is increased appreciably by moderately 
low concentrations of starch and is somewhat in- 
fluenced by methylcellulose as well. 

Oxidations were followed at 25°C. with the 
Bausch and Lomb ‘Spectronic 20° spectrophotometer 
in 10-ml. reaction mixtures containing 6 ugm. 
Worthington horseradish peroxidase, 10-* M hydrogen 
peroxide, substrate and M/20 phosphate buffer, 
pH 4-5. Oxidation of 5 X 10-3 M pyrogallol was 
measured at 425 mu; oxidation of 6 X 104M 
eugenol was measured at 360 mu. 

The chemical substances used were of reagent 
- grade when possible. Methylcellulose solutions were 
‘prepared from ‘Dow Methocel HG 400’. Neither 
starch nor methylcellulose exhibited catalytic activity 
when tested directly with hydrogen peroxide and 
pyrogallol. 

In ten experiments, 6 xX 10-5 M starch increased 
oxidation of pyrogallol by peroxidase appreciably 
(Table 1). The initial rate (0-5 min.) was most 
affected, but considerable enhancement is still in 
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Table 1. EFFEOT OF STAROH ON PRROXIDASH-OATALYSHD PYROGALLOL 
XIDATION* 
(a) (b) 
Reaction Control Starch* bja 
time Average Average (percentage 
(min) optical lad optical o control) 
ty density 
0 0 — Q i — — 
0-5 0-0 + 0-018 0-158 + 0-016 156 
1-0 0-264 + 0-080 0-378 + 0-019 147 
1-8 0-487 + 0-036 0-597 + 0-028 187 
20 Q> + 0-088 0-847 + 0-028 188 
3-0 0-775 + 0:082 1-088 + 0-047 138 
* Reaction mixture: 10 mi. M/20 phosphate, pH 4:5, containing 
5 xi M ee 10—* M hydrogen peroxide, 5 gm., peroxidase, 
with or without 5 x IEM starch.” Oxidation was carried out at 
25° pees and measured at 425 mz 
+ Each figure is the mean n of 10 determinations. 


evidence after 2-3 min., when the control reaction- 
rate has slowed markedly. 

Stimulation is not limited to the oxidation of 
pyrogallol, but is also obtamed with eugenol as 
substrate (Table 2b}. 


Table 2. EFFECT OF SHVERAL CARBOHYDRATES ON THE PEROXIDATION — 


OF PYROGALLOL AND EuGENOL* satan 
Carbohydrate Concentration (percentage control 
(Af) after 1 min.) 
(a) Bubstrate: pyrogallol 
Glucose 5 x 1c 100 
10° 99 
0°5 84 
Maltose 5 x 10-° 103 _ 
10° 100 
0:5 86 
Po Oaa 5 x 1075 117 
8 5 x 10-5 147 
(b) Substiate: eugenol 
Glucose 0-5 83 
Ye yrcenuioeg 5 x10 125 
5 x 10° 148 


* Reaction conditions as given in Table 1 except that are Was 
used at 5 x 10‘ Af and its omdation followed at 360 my 


Methylcellulose is not as stimulating as starch 
when tested with either substrate, but the activity 
of these two macromolecules may be contrasted with 
the effecta of glucose and maltose (Table 2a, b). The 
simple sugars have no effect in low concentrations, 
and they are slightly inhibitory at high concen- 
trations. A proper comparison between simple sugars 
and polysaccharides cannot be made on a mole-for- 
mole basis, nor can they be equated in a simple way 
by comparmg the number of monosaccharide residues 
present. 

A macromolecular basis for the stimulatory effects 
of polysaccharides is suggested by the absence of 
enhancement of sugars over a wide range of concen- 
trations. Possibly the polysaccharides provide a 
cencentrating surface, hence increasing the probability 
of reaction, and render adsorbed peroxidase more 
efficient as a catalyst. These suggestions receive 
support from the greater effect of starch on pyrdégallol 
oxidation at lower peroxidase concentrations. Thus, 
with 0-5 ugm. of enzyme, an initial simulation 
(0-5 min.) of 100 per cent was observed, declining to 
50 per cent after 3 min. 

This work was carried out at the University of 
Rochester with the support of Public Health Service 
Grant C—2730, National Institutes of Health. 
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Starch-Agar-Gel Electrophoresis of 
Tuberculoproteins from Heated Culture 
Filtrates 


Is order to improve the specificity of a bovine 
tuberculin purified protein derivative, precipitated 
with trichloracetic acid from heated culture filtrates*, 
we decided to investigate 1ts protein composition’, 
and in this connexion we experimented with zone 
electrophoresis on paper-strips. Now this procedure 
has hitherto not been very successful*-*, and in spite 
of our own numerous experiments with various 
procedures and methods we did not obtain anything 
other than unusable pictures of ‘comets’ or streaks. 
(This is in contrast with the more satisfymg results 
obtained by others with non-heated tuberculins**.) 
Smithies introduced starch gel electrophoresis which 
seems to be of great value in determining the ultra- 
structure of serum-protein patterns',?, the com- 

position of toxins’ and of cerebrospinal fluid’. 
Sorkin st al.'© made preparative separations of some 
tuberculoprotein preparations from unheated culture 
filtrates by electrophoresis in starch gels, followed by 
transfer into glass. Our own investigations on this 
starch-gel electrophoresis led to the following method. 

In order to prevent premature desiccating of the 
gels and to avoid the necessity of protecting them by 
placing covers and/or mineral oils on the surface and 
still to maintain a satisfactory consistency, we used 
10 per cent w/v ‘Merck Amylum Solubile’ (A.R.) plus 

„0:27 per cent w/v ‘Difoo Bacto’ agar. The agar was 
at first weakened for about 30 min. or longer in the 
buffer solution consisting of 15 gm./l. boric acid, 
0-75 gm./l. bi-sodium salb of ethylenediamine 
tetraacetic acid and 2-5 mgm./l. “Tween 80’, brought 
up to pH 7-5 by adding about 6 gm./l. tris hydroxy- 
methyl aminomethane. The mixture waa then boiled 
until the agar was dissolved. After some time of 
cooling the solution, the starch was added, suspended, 
heated with continuous stirring and finally boiled 
for a few seconds. The liquid gel was poured out in 
plastic (‘Perspex’) trays to form leyers of 240 mm. 
x 60 mm. x 3 mm., the trays having been placed 
in an electrophoresis apparatus with platinum 
electrodes. The electrode vessels and bridge vessels 
were filled with the above-mentioned buffer, only 
without “Tween 80’, and with sodium hydroxide in- 
stead of tris buffer. Thick filter-paper strips formed 
the connexion between bridge vessels and tray. 
After about 20 min. we made an incision, 8 om. 
from the anodic side of the tray, with a thin blade 
and allowed 0:05-0:07 ml. of a protein solution 
of about 60 mgm./ml. to drip down slowly into 
the incision, even when ıt was scarcely visible 
on the surface. Immediately afterwards the gels 
were subjected to electrophoresis at room tem- 
perature for 17 hr. at 6 V./em., then left to stain 
with Bayers ‘Amidoschwarz 10 B’ (2 gm./l. solution 
of methanol/water/acetic acid, 46:45:10) for 15 
mın., and washed with the same solution over a period 
of 1 hr., and repeated about 5 times with fresh solu- 
tion. Fig. 1 shows the patterns of our bovine puri- 


‘ fied protein derivative tuberculin, solved from the 


lyophilized state by dialysing against a 0-25 per cent 
phenolic diluted buffer of pH 7 until the 
protein concentration was reached; the ‘Q’-like 
protein. fraction, prepared from the same purified 
protein derivative, fundamentally following Seibert’s 
method" and the ‘A +8’-like proteins, prepared from 
the (purified protein derivative minus ‘O’) remainder. 
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Fig. 1. The curves were obtained from colour diapositives of the 
patterns by photoelectric scanning 





Full details of these preparations will be described 
in a publication elsewhere. 

It appears from the purified protein derivative 
diagram thet the proportion ‘A +B’/‘O’, calculated 
from planimetric measurement, is about a third, 
which is in accordance with the quantities of the 
chemically separated fractions. The ‘O’-like protein, 
its molecular weight probably being twice as great as 
that of the unheated ‘QO’ #4, is the slower one, in this 
respect quite the reverse of the unheated ‘C’ in the 
Tiselius picture?. Furthermore, our ‘C’-like protein 
shows a greater tendency towards tailing than the 
‘A + B’-like fraction. 

These last two proteins appear to move closely 
together. pH’s higher than 7-5 tend progressively 
to suppress separation while the lower ones tend to 
sharpen the zones but increase adsorption to the gel 
substance. Our results point to the combined effects 
of electric charge and particle size in starch-gel 
electrophoresis??. 

T. P. DEEKER 

Central Veterinary Institute, 

Rotterdam. 
Dec. 29. 
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Effect of Pituitary Growth Hormone In 
vivo on the Phosphorus/Oxygen Ratios 
of Isolated Rat Liver Mitochondria 


Recent reports tending to localize the site of 
action of thyroxine in uncoupling oxidative phos- 
phorylation at the level of the mitochondrial mem- 
brane?! have served to emphasize the need for 
similar studies on possible sites of action of anterior 
pituitary growth hormone, a substance which pro- 
duces generalized metabolic changes even more 
striking than those found with thyroxine. The present 
communication reports some results concerning the 
effect of the hormone on oxidative phosphorylation, 
using mitochondria isolated from the livers of normal 
rats or rats treated with growth hormone. 

Rats were injected 4 hr. before killing either with 
1 mgm. purified beef growth hormone or with 1-5 
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Table 1. 





i 
, | 
| : | 
0-08 < 0-001 | 


TOANEN ANAMA AAAA BAA a retin EEEE OASAN A po Bienen OAA BAE TENANAN nA ANEA AA AAAA A WAAR A GODANE AEA aie ine 


me PHOSPHORUS/OXY GEN RATIOS OF MITOCHONDRIA ISOL ATED 
o FROM THE LIVERS OF NORMAL AND GROWTH HORMONE-TREATED RATS 
ee ey ees ee too ax E 
eae ' — pumoles | | 
| No. of | pamoles / glucose-6- | Phosphorus/ | 
Treatment | animals | acetoacetate | phosphate oxygen | 
| found — formed ratio | 
mrret ernaar y m a [Aee wap ip mlaini Armaria rana e p naaa kiii an unua ben, EN RAP ORR maaan. 
| Control =| 5 0-24040 030 | 0-652 0-072 | 2-71 0-05 58 | 
= | Growth | | | 
i - hormone i 5 ( 0-337 40- 032, 0-651 40-049 | 1-93 +.6-050 | 
| Albumin | $ 0 260 +-0-087 | 0-675 40-095 | 2-64 20-073 
| Fisher's p’ | 
rowth 
ormone | 
fy i 
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enmi. of growth hormone or 5 mgm. of bovine plasma albumin 

injected 4 br, before killing. 

D-8 mL 0-3 MH glucose; 0- i ‘ml, 0-04 M adenosine diphos- 

„3 x 10 AT cytochrome t; 0:5 mi. 0-1 M phosphate 

Or ral. 0-2 M magnesiam sulphate; 0-05 mi. 1-5 M 

um chloride; 0-1 mi. 0-1 Af versene pH 7- 4: 0-3 ml, 0-1 M 

droxybutyrate acid; 0-05 ml. hexokinase solution containing 

ite of enzyme activity : ; 0-2 mi. bovine plasma albumin (7-5 
a bari -02 mi 0-02 M sodium fluoride and 1 ml. liver mito- 

“ghondria (8 per cent suspension). 

Temperature 27°. Time 5 min. 


mgm. bovine plasma albumin. After killing, the livers 
were rapidly removed, the mitochondria isolated in 
0-35 M sucrose and the phosphorus/oxygen ratios 
measured using a system adapted from that of 
Maley’ with either d-, l-, or dl-8-hydroxybutyrate, dl- 

- glutamate or reduced diphosphopyridine nucleotide 

“as substrate. 

~Undgr the conditions employed here d-$-hydroxy- 
butyrate was not oxidized at all, since 1-8-hydroxy- 
butyrate gave results exactly comparable with those 
obtained using the dl-salt. It will be seen that the 

_ mitochondria. from growth hormone-treated rats 
have a lower phosphorus/oxygen ratio than those 
- from normal rats, and that this difference can be 
largely ascribed to an increase in the rate of oxygen 
utilization rather than to any decrease in the rate of 
_phosphorylation. The one-step oxidation of 8- 
- hydroxybutyrate involves the production of reduced 
_ diphosphopyridine nucleotide, and it is this latter 
-compound which acts as substrate for the oxidative 
‘phosphorylation*. For this reason, the efficiency of 

the phosphorylation accompanying the oxidation of 
glutamate, an alternative source of reduced di- 
phosphopyridine nucleotide, and diphosphopyridine 
nucleotide itself were studied. The phosphorus/ 
oxygen values using these two substrates were lower 
than the values recorded for §-hydroxybutyrate 
(2-31 for glutamate and 1-77 for reduced diphospho- 
a pyridine nucleotide) and were entirely unaffected by 
< prior treatment of the animal with growth hormone. 
Thus the ability of growth hormone to affect the 
-efficiency of oxidative phosphorylation could only be 
-demonstrated in one of the three enzyme systems 
tested, that is, 8-hydroxybutyrate dehydrogenase and 
its associated electron transporting chain. It is inter- 
esting to notice that thyroxine also uncouples 
oxidative phosphorylation when 8-hydroxybutyrate is 
used as substrate! although it should be observed that 
in this latter case the mechanism appears to be some- 
_what different from that. shown by growth hormone 
(Table 1) in that thyroxine does not affect the oxygen 
uptake but causes a decrease in the associated 
phosphorylation. 

‘In view of the widespread metabolic effects of 
growth hormone in vivo it would seem unlikely that 
the hormone has a specifie effect on ßB-hydroxy- 

butyrate dehydrogenase alone. Of the three sub- 
strates tested, only 8-hydroxybutyrate seems to be 
oxidized exclusively by an ‘internal pathway’ (that is, 
one inside the eaitechendrian) and since this enzyme 
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odin of the betas of oxidativo a e 
ation can be of advantage to an animal ; b a 
the lowered phosphorus/Sxygen ratio is o 


ability. - Ernster’ has suggested that # 
swelling of the mitochondria could oi a transfer 
system by which there could be an interchange of 
materials between the mitochondrial interior and - 
cytoplasm. If the action of growth hormone is to | 
alter the mitochondrial permeability then it is ~~ 
possible to consider that this effect of the hormone. 
could, by permitting a transfer of metabolites. or 
co-factors across the membrane, lead to increased. 
metabolic activity which, even if there were some loss = 
of efficiency in the coupling of some of the reactions, 
would be to the overall advantage of the animal. — 
The increased rate of oxidation of §8-hydroxybutyrate 
by the hormone-treated animal appears to point to « 
such a possibility. 
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Effects of Injection of Bovine Pineal Extract 
on the Nuclei of Rat Pineal Parenchymal 
Cells os 

THE pineal parenchymal cells are known to be rich = 
in nucleoprotein}?, Oksche? showed that pineal-cell 
nuclei contain a ‘nucleolus apparatus’ which extrudes 
some nuclear substance into the cellular cytoplasm. 
In general, the number of nucleoli and intranuclear 
granules in any cell is probably a useful index of the 
rate of protein synthesis’. This idea has led several. 
authors to use pineal intranuclear changes as evidence 
of changed pineal functional status: both Oksche? 
and Quay® reported variations in pineal intranuclear 
activity owing to changes in illumination of their 
animals’ cages. Quay? also correlated changes im. 
pineal cell nuclei with periodic variations in pituitary he 
gonadotropie activity. ae 

The present communication describes changes in 
pineal nuclear status resulting from injections of a 
pineal extract. The occurrence of such’ changes 
suggests that exogenous pineal extract ‘depresses = 
pineal function in intact animals. 

Sad were made on pineal glands from 15 Caa l 

















ages of 21-49. T ; these“ were aA with the 
glands of control grees: een saline injections. ~ š : 








Fig. 1. The pineal parenchymal cells of the rat. Gomori's chrome 
hematoxylin—phloxin counter-stained in tartrazine (x ¢. 950). 
Fig. 2. The pineal parenchymal cells of a pineal-treated rat. 
Notice the decrease in number of nucleoli and in the amount of 
intranuclear material; the central portions of the nuclei are com- 
pletely clear in many cases, The cytoplasm is also paler and less 
gran than in the control animals. Gomori’s chrome hem- 
atoxylin—phloxin counter-stained in tartrazine ( x ¢. 950) 


The bovine pineal extract was prepared essentially 
according to the method described elsewhere’. 

The pineal glands were fixed in Bouin's solution to 
which 1 per cent calcium chloride had been added ; 
they were stained with Gomori’s chrome hwmatoxy- 
lin—-phloxin and in phloxin and then counterstained 
with tartrazine according to Lendrum’. (The treat- 
ment with hemalum was omitted.) The sections were 
cut at 3-4u. The number of phloxinophilie nucleoli 
above approximately 0-5 in diameter were counted. 

The pineal parenchymal cells of the rats which had 
been given pineal extract showed a marked decrease 
in the number and size of the nucleoli and the amount 
of granular material in the nuclei (Figs. 1 and 2). 
The decrease in number of nucleoli in the pineal- 
_ treated animals was statistically significant (P< 
9-001). A slight decrease in the size of the pineal 
cells themselves was noted in the glands of the 
treated animals ; the cytoplasm appeared less dense 
than in the control animals. 

_ Caspersson‘ showed that a decrease in the number 
of nucleoli and intranuclear granules in cells indicated 
a reduced rate of nuclear synthesis. The decrease in 
the intranuclear granular and nucleolar material 
observed here in rats given a bovine pineal extract 
must therefore indicate that such extracts depress 
nuclear activity in the pineal cells of injected animals. 
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Secretory activity in the pineal cell is known to be 
correlated with nuclear activity*. The reduced pineal 
nuclear activity found here therefore suggests that 
pineal cellular secretory activity might also be 
reduced. If the latter phenomenon does occur in 
these circumstances, it might be taken as an indication 
of suppression of endogenous pineal secretion caused 
by increased circulating pineal hormone owing to the 
injection of bovine pineal extract. 

The pineal glands of rats given daily intraperi- 
toneal injections of a bovine pineal extract for 28 
days starting at the age of 21 days showed decreased 
numbers of nucleoli and intranuclear phloxinophilic 
granules. This finding was taken to indicate depression 
of pineal cellular secretory activity owing to the 
increase in circulating pineal hormone caused by the 
injection. 

This work was supported by a grant from the 
Commonwealth Fund. 
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Seromucoid Contents of Human Bile 


VARIATIONS of seromucoid in pathological condi- 
tions and its clinical significance have been extensively 
investigated during the past few years. Greenspan’, 
Winzler? and others have shown the seromucoid 
contents in the blood of normal human subjects to be 
12-4 + 0-5 mgm. per cent as expressed in hexose, 
and 3-38 + 0-27 mgm. per cent as expressed in 
tyrosine. Seromucoid contents in the blood are 
significantly increased in obstructive jaundice and 
are decreased to very low figures in jaundice due to 
hepatitis. These pathological variations suggest the 
possibility of the liver playing an important part in 
seromucoid metabolism. Since for the time being 
the site of formation and metabolic fate of seromucoid 
are unknown, it has occurred to us that it might be 
synthesized by the liver or at least partly eliminated 
in the bile. We have therefore investigated the 
presence and contents of seromucoid in human hepatic 
bile. 

Samples of hepatic bile draining through a Kerr 
tube were collected from patients who had undergone 
cholecystectomy. The bile was collected in the | 
morning in post-absorptive conditions, during the 
last days preceding the removal of the Kerr drain. 
when the bile contained but a few cells and flakes of 
mucus were no longer present. Hepatic bile was also 
collected by duodenal catheterization in three patients 
who had undergone cholecystectomy 2, 3 and 5 years 
previously. The bile was immediately centrifuged at 
12,000 r.p.m. for 15 min. and then filtered through 
Schleicher Schiill filter paper No. 589 (blue band), 
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; Bepa- | Hexoses | Tyrosine | solids mam, për mgm, per 
< |ficbile| (mgm. | (mgm. | (gm. per | 100 gm. of | 100 gm. of 
oo 4 Gase | per cent); per cent); cent) total solids | total solids 

8-0 1-27 284 | e281 | 52-0 
6-0 0:95 2-50 240 | 37°8 
3:5 | IBI 2-35 574 77-0 
9-2 0-38 8'08. 298 12-0 
8-6 0-29 3°84 224 8-0 
2-4 1-14 4-12 58 27-0 
9-0 4-00 4-70 191 85-1 
2-0 6°80 3°37 356 101-0 
7-0 2°64 5-56 126 47-0 
8-5 | 1-10 3-02 281 36-4 
OF 0-80 2°75 244 32-6 
oo BR 2°50 2-85 203 87-7 
>e Ob ORS 3°20 203 27-7 
7°93 4. 1-89 4- 3 -39 + 252.23 + 48-5 + 

— 0-89 | 0-49 | 0-25 18-52 16-31 
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_ The clear bile obtained by these means was tested 
_ for the presence of seromucoid according to Winzler’s 
_ mnethod as modified by Weiner and Moshin?. Tyrosine 
as well as hexose contents were determined. 


The total solid contents were determined in the. 


same samples. 
Seromucoid was present in all the samples of 
hepatic bile investigated. The seromucoid concentra- 
_ tion in hepatic bile, as expressed in mgm. hexose and 
mgm. tyrosine per 100 gm. of total solids, the averages 
- Of these figures and the standard errors of the averages 
_ are liséed in Table 1. 
It ean be seen that : 
_ (1) The total solid contents of hepatic bile display 
a considerable degree of variation (3-39 +- 0-25 gm. 
per 100 mhl). 
(2) There are great variations of seromucoid con- 
_ centrations in fresh hepatic bile, both as expressed in 
terms of hexoses (7-93 +. 0-89 per 100 ml.) and in 
— terms of tyrosine (1-89 + 0-49 mgm. per 100 ml.). 
(8) These fluctuations are not reduced by referring 
_ seromucoid concentrations to the total solid contents 
' of the bile; it follows that variations of the latter 
cannot wholly account for these fluctuations. 
No investigations were made on hepatic bile 
obtained by duodenal catheterization from normal] 
= subjects in order to avoid so far as possible the 
contamination of hepatic bile samples by mucus 
secreted by the extrahepatic bile ducts and by the 
duodenal wall. By collecting the bile draining 
< through a Kerr tube, this bias is minimized. We 
: consider the presence of seromucoid in hepatic bile to 
_ be unquestionable evidence of the elimination of this 
_ glycoprotein by the liver. This might be due either to 
=- exeretion through the liver of the seromucoid present 
-< in the blood, or to synthesis in the liver of the sero. 
mucoid which is afterwards eliminated via the bile 
< and possibly the blood. Further investigations are 
-required in order to show seromucoid synthesis in 
. the liver. However, the presence of seromucoid in 
~ hepatic bile is clear evidence of the part played by 
-= the liver in the elimination of this substance. 
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Distribution of Chromactivating : 
` Hormones in the Pituitary of the Minnow | 


In a previous communication!, I have described _ 
the distribution of melanophore-aggregating hormone _ 
in the pituitary of the minnow. (Phoxinus phoxinus). — 
By use of the method described there the distribution | 
of minnow erythrophore-dispersing and frog melano- ° 
phore-dispersing factors in the minnow pituitary ha: 
been investigated. ees Eoo 

Erythrophore-dispersing activity was determine: 
by scoring the degree of reddening around the pectora 
and pelvic fins of black-adapted minnows (60-65 mm 
long) from 0 (no reddening) to 6 (maximum reddening 
l hr. after intraperitoneal injection of the aqueous 
gland extract; the minnows used were selected for 
uniformity of response to a standard dose of an 
extract of whole minnow pituitaries. Frog melano. 
phore-dispersing activity was determined by Se 
measuring the melanophore-index of the web melano- 
phores of the hind foot of white-adapted frogs (Rana 








temporaria) (20-25 gm. in weight) immediately prior = 
sto: injection of the aqueous gland extract into the =~ 


dorsal lymph sac and again 1 hr. after the injection. a0 
The results are summarized in Table 1. x 





























Table 1 = | 
| | Pituitary region: ie 
| Anterior | Posterior) 
Response of erythrophores of | No. of z 
black-adapted minnows. animals * 
Change in erythrophore score | Mean 
1 hr. after injection response | 
SD. 
Response of melanophores of | No. of 
white-adapted frogs. Change animals 6 
in melanophore-index 1 hr. Mean 
after injection response 1:27 3°47 
SD. | 1212 | 0:392 
| P< 0-01: 
The experiments reveal that the erythrophore- 
dispersing and melanophore-dispersing factors in the 
minnow pituitary are distributed in the same way 


as the melanophore-aggregating factor ; that is, they © 
are present in both the anterior and posterior portions 
but in significantly higher concentration in the 
posterior portion. Stahl? has described two distinct: 
cell types in the meta-adenohypophysis of Mugil and — 
suggests that they represent the source of the melano-: | 
phore-aggregating and melanophore-dispersing hor- 
mones. If this is true it is necessary to explain the 
presence of substantial amounts of these hormones 
in the anterior part of the gland. Comparison6f. 
values determined for hormone activity in the two 
regions of the gland with dose-response curves. 
(unpublished work) suggests that the level of béth. 
melanophore-aggregating and melanophore-dispersing < 
hormone in the posterior part is about five times p 





























the minnow or Enami‘ on — 





However, the results.of these experiments do not 
__ preclude the. possibility that either three distinct 
- hormones, or a-single hormone causing melanophore- 
aggregation and erythrophore-dispersion in the 
= minnow, and melanophore-dispersion in the frog, are 
involved. 

_« Thanks are due to the Department of Scientific 
“and Industrial Research for a Research Fellowship 
-and to Prof. N. Millott for the provision of 
facilities. 
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Fig. 1. Uptake of potassium-42 by normal and denervated hemi- 
diaphragm. D, Denervated; C, control muscle 


Effect of Denervation on Potassium-42 
° Uptake by the Rat Muscle in vitro chloride labelled with potassium-42. Following 
l incubation, the hemidiaphragms were carefully 
«WiıpeLY different reports exist concerning the washed, isolated from the rib, and gamma-activity of 
changes in potassium-42 uptake by denervated muscle, the tissue was measured. The total content of 
Lyman?! found an increased uptake after denervation. potassium was determined by the flame photometer 

Fischer et al? could show no differences in uptake in the same way as previously cleseribed®é. 
between normal and denervated muscles in the rabbit. It was found that the uptake of potassium-42 
Finally, Harris and Nichols*, who measured the by denervated hemidiaphragm is lower than in 
uptake of potassium-42 into denervated frog muscle the control half (Table 1). The decrease in 
in vitro, reported, in agreement with their previous uptake becomes evident only after a longer period 
resultst, that the uptake is decreased. of incubation, After 10 min. incubation the uptake 
Difference between the findings of Lyman! and was the same on both the normal and denervated 
Harris and Nichols? may be due to: (a) different halves. Following 60 min. equilibration, the uptake 
uptake of potassium into frog and rat muscles; was decreased by 118 + 14:6 imp./min./equiv. 
Le ag (6) different equilibration time of the isotope; or potassium, that is, by 16-6 per cent, while after 
oo (e) different degrees of atrophy in the frog and rat 120 min. the uptake was decreased by 169 + 4155 
: oo mauseles. Muscle atrophy in the frog, which was imp./min./uequiv. potassium, that is, by 19-9 per cent 
“studied by Harris and Nichols’, progresses very (Fig. 1). k 
slowly, whereas muscles in the rat studied by Lyman! It was concluded from these results that under the 
` atrophy considerably more during the same period. same experimental conditions the uptake of potas- 
= For this reason we investigated the question sium-42 by denervated muscle of the rat is decreased 
whether uptake of potassium-42 into frog and rat similarly to that of frog muscle?. Differences of 
muscles is different when the equilibration time ofthe uptake by denervated muscles are not caused by 
isotope and the degree of musele atrophy are the tissue specificity. The equilibration time of the 
same. The uptake of potassium-42 into normal and isotope is an especially important factor when. 
enervated diaphragm of the rat was therefore studying this uptake. The lower potassium-42 uptake 

assured five days after denervation, that is, in a ee 

Se aamnmalian ‘muscle, Si which atrophy begma 20- “Tb Cet eee DY NORMAT AVO- DENBAYATER 
40 days after denervation’. dvi NE 
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E 4 
Experiments were performed on male rats of 90- Time of T O 
100 gm. body-weight. The diaphragm was denervated incubation Denervated Control D—C€ 
by unilateral ligature of the phrenic nerve by the o min) j D CO 
» abdominal route. Five days after denervation, rats l 0 230 244 | — 14 + 93-8 
j i E nervati l 0 596 714 {| — 118 & 14-€ 
were killed and completeness of denervation was 190 | al | at eae 4 
| 


-controlled by faradic stimulation of th 


“nerve. The diaphragm was excised togeth : ae Seen i 
Sa È l ' ‘eqs “a ee ae Temidiaphragms were incubated in 5 ml. Krebs~Ringer—bie 
. vib, and after dividing it into halves. th ntrtum saline with chloride labelled with potaslunices (0 ET 


tendineum was removed and the -hemidiap i ‘gms ocnapetha? ig at 37°C, The gaseous phase in the flask was 95 per 
‘were incubated in 5 ml. of saline containing ee en aes RAON VANU IN Site AveraeE 


phrenic | 
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vated muscle (75 and 89 per cent). As has been 
shown in the literature as well as in the present report, 
the uptake of potassium-42 by denervated muscle 
following a longer period of equilibration is decreased. 
This conclusion further corroborates our previous 
findings concerning the restitution of potassium 
following various experimental conditions which were 
ound.to be retarded’*. 
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n Histochemical and Biochemical Studies 
of Rat Liver in Experimental Cirrhosis 
after Partial Hepatectomy 


<- AS an outcome of our earlier work on experimental 
cirrhosis!? and regeneration of the liver? it seemed of 
 -anterest to study the dynamics of the regenerative 
process in the normal and cirrhotic liver after partial 
_ hepatectomy. 
The experiments were made on 90 male Wistar 
rats of 170 gm. average body-weight divided into two 
-groups and kept on a standard diet. In the animals 
of group 1 cirrhosis was produced with carbon 
tetrachloride (0-1 ml. subeutaneously every fourth 
day, a total of 29 doses over a 120-day period), while 
group 2 was untreated. Partial hepatectomy (65-70 
per cent) was made on both groups and rats were 












killed 24, 48, 72 and 96 hr. after surgery. The removed 
lobes and postsurgical remnants were examined by 
histomorphological, histochemical and biochemical 
methods. 

-Suecinic dehydrogenase activity (neotetrazolium 
<- method) in the cirrhotic liver proved to be somewhat 
less than in the normal one. The activity of this 

enzyme decreased very much in both groups 24 hr. 
. after partial hepatectomy. This decrease in normal 
` livers persisted unaltered for 3 days and a partial 
return of the activity was seen only on the fourth day. 

. In contrast to this, the activity of succinic dehydro- 
.. genase of the regenerating cirrhotic liver reached 
~ that of the intact (unoperated) cirrhotic liver within 

48 hr., and after 96 hr. closely approached that of the 
normal controls. The succinic dehydrogenase activity 
was also measured by a quantitative biochemical 
procedure* ; the results of these determinations con- 
_ firmed entirely those obtained by the histochemical 
coo Acid and -alkaline phosphatase activities. were 
< studied: both by histochemical procedures (Gomori. 
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K i; UNAR 
a i ho 
k i Sa coe 
z ngä 







AND CIRRHOTIO LIVER AFTER PARTIAL HEPATECTOMY 


























| | Normal liver : i. 
oe after | Acid phosphatase | Alkaline phosphatase, F 
iepatectom Sk cnr! aS a claves. A 
E Per wet | Per dry | Per wet Pèradry 
4 weight * welght | weight “weight 
og 500 | 1,530 | a. 
l 24 323 < 106 
l 48 | n "187 
i 72 | l4 | 122 
i 96 | 497 1,651 | 33 | 
| Cirrhotic liver 
0 295 » 4,143 E 84 | 
24 46 | 1445 = 208 
! 45 TT | 2,042 | 360 1 
| 72 426 | = 1,508 100 
| 96 515 | 1,840 116 
| 





The activities are given as sam. inorganic phosphorus liberated 
per hr. from #-glycerophosphate by 100 mgm. of wet. or dry. live 
tissue. The inorganic phosphorus was determined by the “method 
of Fiske and Subbarow (ref. 5). Be ee are ER 


Moffat) and by quantitative methods using liver | 
suspensions. The results of both types of analysis 
were in agreement; the quantitative results are 
shown in Table 1. There was a substantial increase 

in the alkaline phosphatase activity both in the: — 
cirrhotic and normal livers 24 and 48 hr. after partial © 
hepatectomy, the activities returning to the pre- 
operative levels by 96 hr.; the alkaline phosphatasé 
activities in cirrhotic livers were generally. much 
higher than in the normal organ. The acid phos- 
phatase-levels were somewhat variable in normal 
livers after hepatectomy, but showed substantial , 
increases in the regenerating cirrhotic livers. 

In histochemical preparations the activity of lipase 
(Gomori’s method) was seen to decrease early after 
partial hepatectomy in both groups of animals, but a 
return to normal followed quickly. «igs 

Cytochrome oxidase was also measured according 
to the method of Mitolo and Ruceia?. The activity i 
of this enzyme showed a periodie change (decrease-> — 
return to normal--decrease) in the regenerating — 
normal liver, whereas in the regenerating cirrhotic 
liver there was more than a threefold increase even 
on the fourth day after hepatectomy. 3 

We could not observe any change in the architect. 
ure of the cirrhotic livers after partial hepatectomy. 
The mitotic activity seemed, however, greater in the * © 
cirrhotic post-operative remnants than in the none ee 
cirrhotic ones during the early days of regeneration, 

The results indicate that the enzymic responses of _ 
the cirrhotic liver after partial hepatectomy are more __ 
intense than those of the normal regenerating one. 

A more detailed study of this phenomenon and the 
evaluation of its significance in the regenerative 
process is in progress. 
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RADIOBIOLOGY 


Turnover of Selenium in the 






-> Rat, 


SELENIUM has recently been shown to be an 
essential micronutrient, for rats’ and ruminants’. 
These discoveries have directed attention to the lack 





<o. of information concerning-the metabolism of selenium 





in subtoxic amounts. ~The present communication 
‘gives results for whole-body turnover, or total excre- 
tion, of selenium by the rat over a prolonged period 
of time. 
{ooded rats of the Long-Evans strain were used. 






iey were maintained on a complete stock colony 
ration (ad libitum) and weighed approximately 


150 gm; at the timo of administration of radioactive 
> gelentum ; 0-0011 me. of seleniura-75 in physiological 
_, saline was administered interperitoneally. The total 
"C gelenium content of the dose was 0-14 mgm. and 

the selenium was present as sodium selenite. The 
total selenium-75 content of the rats was determmed 
three times daily for the first two days, twice daily 
for one week and daily for a second week. For 
measurement, individual rats were placed in a venti- 


: © lated stainless steel tube and confined to a length 


>“ approximately equal to that of the rat’s body. The 
rat was then suspended approximately 20 cm. above 
a scintillation counter for measurement of radiation. 
The counter used was a standard well-counter oper- 
ated without the top lead shield. The entire top 
surface of the crystal was unshielded. The 0:269-MeV. 
gamma-ray of selenium-75 was counted, using 4 
single-channel pulse-height analyser and scaler. For 
calibration, a vial containing an aliquot of the dose 
was substituted for the rat. The standard error of 
measurement was 2:3 per cent as determined from 
duplicate counts*. There was no difference in the 
error of measurement between two operators. 
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Fig. 1. Radioselesium turnover in the rat 
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The results were analysed by considering the whole- 
body turnover to be describable by a set of con- 
secutive first-order chemical reactions. The rate 
constants for the various segments of the turnover . 
curve were computed, fitting the data by the method | 
of least squares. 
For the first 300 hr. after injection of selentum-75, 
the whole-body turnover may be described by two 


first-order processes of widely differing rate constants = 


(K, and K,). A graph presenting the average results © 
is shown in Fig. 1. The initial slope of the curve is 
determined by K, and the final slope by K,. The 
individual rate constants are presented in Table 1, 

- Previously published work of selenium metabolism 
was for periods of less than 50 hr. and hence com- 
parison is difficult. Also, other studies measured 
excretion, rather than retention, and often ignore one 
of the three routes of selenium excretion-——@rine, 
fæces and expired air. Harshfield‘ found the ‘total 
recoverable selenium’ in the rat to be about 75 per 
cent of dose at 6 hr. after injection and about 65 per 
cent of dose at 12 hr. These results agree with the 
present work. Harshfield found, however, no decrease 
in ‘total recoverable selenium’ between 12 and 48 hr. 
post-injection as was found here (see Fig. 1). 
McConnell! found the urine and fecal excretion of 
selenium-75 from the mouse to be about 45 per cent 
of dose in the first 24 hr. The present work indicates 
a total excretion of about 48 per cent of dose in an 
equivalent time. Heinrich and Kelsey*® reported the 
‘total recoverable selenium’ in the mouse to be only 
16-5 per cent of dose at 48 hr. after injection-——-con- 
siderably less than that found here for the rat. 

The presence of two rate constants governing 
selenium turnover indicates that selenium is involved. 
in the metabolism of the animal. Selenium is transs. 
ferred from one (rapidly excreted) form to another 
(slowly excreted) form. 
(1) the rate-limiting processes are the renal clearance 
of two chemically different forms of selenium ; and 
(2) the rate-limiting process for the smaller rate 
constant is the rate of release of selenium from tissues 
in which it is fixed. 

I acknowledge the assistance of Miss July Grafton 
with the laboratory procedures and Dr. W. B. Dye 
for his encouragement and counsel. 
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Selection of lodinated Protein in the | 
Young Mouse 


> Tae suckling mouse absorbs antibody readily when 
=- whole immune serum is administered by mouth! and 
transmission to the circulation is selective in the 
sense that antibodies prepared in a variety of species 
are characterized by different concentration quotients 
in the recipient plasma?. During the course of the 
work with serum protein preparations labelled with 
iodine-131 in other species a criterion of the physio- 
logical integrity of the labelled material was sought 
which would be sensitive and readily determined. 
_4vecourse. was therefore made to gut transmission 
in the young mouse. 
~The mice employed throughout the work were 
A.B. Greys, obtained by courtesy of Dr. Lane- 
Petter in 1955 and bred randomly since then. Pre- 
_ liminary experiments suggested the standard con- 
_ ditions of testing. Protein, labelled by the jet- 
_ burette method*, was made up finally in 1 per cent 
solution. This was fed to 8-day old mice which were 
killed 3 hr. later, the blood collected, and the activity 
of the serum protein determined after tungstic acid 
precipitation. 
Values are expressed as the ratio : 












A c.min. ~i mi? ger 
concentration quotient == c.min.™! mi- serum protein 


emin. ™? ml? preparation fed 

Fig. 14 presents the regressions of the concen- 
tration-quotient with dosage for two levels of 
_. iodmation of aliquots of a frozen-dried stock pre- 
 paration of rabbit globulin which was prepared by 
_ final precipitation from 12 per cent sodium sulphate. 
It is apparent that a very sharp selection occurs 
_ between these two preparations, although they differ 
_ only in the level of iodine-127 per molecule of globulin. 
Fig. 1B illustrates the relation of concentration 
quotient to iodination-level at a chosen dose of 0-03 
_ mil. fed, and is thus in effect a calibration curve for 
_ the testing of subsequent preparations of this protein 
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Serum protein concentration quotient. Mean +2 x S.E. 


oo. Fig. 1, Absorption of 1 per cent solutions of rabbit globulin from 
_ the gut of the 8-day old mouse. The means + 2 standard error 
cof groups of six mice are plotted; within each relationship 
` each group was composed of one sibling of each of six litters, 
(A) Dosage relation: — ~- --, regression where the mean jodina- 
--tion-level is 0-5 atom/mol. b = 4-4; , regression where the 
Tevel ig'10 atom/mol. b = 49-4; A = mean concentration quotient 
t anti-sheep red cell serum from ref. 2. (B) The test cali- 
bration curve: dose fed 0-03 ml, l 
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at any future date. It is cléar that there is no signifi- 
cant difference between the-concentration quotient E 


in these experimental condi 
of concentration quotignt at. the | of 3. 
atoms per molecule is already highly significant, the 
proposed test is clearly a sensitive one. Tt is thus 
possible, by feeding small groups of mice, to chi 
the integrity of labile preparations in the course ¢ 
few hours. ee ee T, 
Selection between molecules differing only in the 
number, and presumably the distribution, of labelled 
tyrosine residues, since it is so sharp, may suggest that 
some at least of the tyrosine residues of the molecular 
surface normally play a part in selection of the — 
protein by the entoderm cell. . 
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Czsium-137 in Toronto Milk during 1959 - 


MEASUREMENTS of the changing cæsium-137 con-°. 
tent of milk have been carried out in many parts of ~~ 
the world, particularly in the United States! and the 
United Kingdom’. The Los Alamos group measured... 
the activity of Ontario milk during 1958%. Here we 
present results of measurements on milk taken from. — 
the Toronto milk-shed during the period April 1959- 
February 1960. 

The measurements were carried out using as 
gamma-ray detector a 5-in. sodium iodide crystal. 
placed in the University of Toronto ‘steel room". 

670 gm. of dried skimmed milk, received within a 

few days of production, were placed in a thin copper 
vessel immediately below the crystal. Counting was ° 
normally for 75 min. j 

The only photo-peaks observed were at energies of 
0-66 MeV. and 1-46 MeV., corresponding to cæsium- 

137 and potassium-40 activities. By comparison of 
the areas of these photo-peaks, and making suitable =- 
corrections’, the ratio cxsium-137/potassium of ao” 
sample is obtained. Calibration of the apparatus was o ooo. 
carried out regularly using a weighed amount of- 
potassium chloride in a standard copper vessel, and 
thus the potassium content of the milk could be 
determined, corrections once again being necessary 
for the differential absorption of the potassium 
gamma-rays in the potassium chloride and in the ` 
dried milk. It was in fact found that the potassium `- 
content of each sample of dried milk was approxi- 9°. 
mately the same, the average value being 3-7 mgm, ©0000 
of potassium per gm. of dried milk. cae 

The statistical error associated with the measure- 
ment of the potassium content of any one particular — 
milk sample did not exceed 2 per cent. , mee 

The results for cesium content during the period- 
of observation, expressed in cæsium units (c.v.), that 
is, upe. cæsium-137 per gm. of natural potassium, are 
given in the lower part of Fig. 1. For comparison, 
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Fig. 1. Lower graph: change with time of the cæsium content 
of Toronto milk during April 1959-February 1960. (C.U. = pue. 
cesium-137 per gm. potassium.) Upper graph : Canadian average 
strontium-90/ealcium ratio in milk (ref. 5). 8.0. = nge, stron- 
tium-90 per gm. calcium 


the averaged ratio strontium-90/calcium for milk in 

os o Canada for the corresponding period’ is given in the 
-aypper part of Fig. 1. 

We interpret the cæsium curve in the following way: 

(1) During April, cows are in barns, on winter 

feed, the cwesium-137 content of which will reflect the 

mean rate of fallout of the previous summer. Thus 

ae little change in the ratio ceesium/potassium in milk 

“9° from these cows is expected in this period. 

3 (2) The cows from which our milk came went out 
to pasture during the second week of May. This 
pasture would be contaminated with the fallout from 
the low-altitude Russian bomb tests of late 1958. 
As a result, the cesium content of the milk rose 
rapidly after the change over to summer-feed. It will 
be noted that the time for the cesium content to 
change by half the difference between the winter- 
level and the peak is approximately 12 days. The 
biological half-life of cæsium in the cow is stated to 
be about 20 days’. 

(3)"The Russian fallout was apparently retained 
only a short time in the atmosphere, and after the 
rapid rise to the peak of 51 c.v. at the end of May, 

-the cæsium activity in milk fell to the low value of 
“11-6 cu. in October. This decrease seems to have 
two components, one rapid and one relatively slow. 
-= We attribute the former to the fact that cows grazing 
on new grass would pick up activity collected on the 
grass over about one month, while the second-growth 
grass would only have on it fallout collected over 
- perhaps one or two weeks. 
-* (4) In early November or late October the cows 
returned to the barns, to feed on hay, ete., cut during 
the,early summer of 1959. As a result, the ratio 
_cesium/potassium rose, this time to a level equal to 
-© that of July 1959. Unfortunately, supplies of dried 
© milk have been poor during the winter, and the 
presence of a plateau is only shown by the approx- 
-ur imate equality of runs in late November and early 
~ December using dried milk, and one run in February 
— 1960 using liquid milk. | 
It may be noted that during the summer decrease, 
during July 1—September 30, the cæsium content 
of milk fell by a factor of 2. On the assumption 
that cesium-137 intake by cows is via direct fallout 
on foliage and not via the roots of plants, this suggests 
>O a half-life in the troposphere of the fallout of the 
order of 2 months. 

















The fact that there are two distinct rates of 


* decrease of the cesium/potassium ratio supports the 


assumption that most of the cesium entering cattle 
comes directly from the foliage rather than via the 
grass root-system. 

Comparison with the strontium-90 results show 
that the rise occurs in strontium content at the same 
time as the rise in cesium content, and that corre- 
spondingly there is a fall throughout the summer in 
the strontium activity. However, the ratios of the 
spring peak values to the winter 1958-59 plateau 
values for cesium-137 and strontium-90 are different 
(10:7 and 2: 1 respectively) and the rate of decrease 
of the cesium-137 content of milk was greater than 
that for strontium-90. 

The October 1959 low value of 11-6 c.v. corresponds 
to an activity of approximately 19 upe. of cwsium-137 
per (Imperial) quart of milk. Assuming a 115-day 
biological half-life for cæsium in the body’, and an 
intake of one quart of milk a day, this activity leads — 
to a total maximum body burden due to this source 
of cæsium of 3-1 x 103 uuc., which is 10,000 times 
less than the maximum permitted amount in the 
body8. i 
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HISTOLOGY 


A Specific Stain for Mast Cell Granules 


EXAMINATION of tissues stained for mast cells with 
a variety of accepted techniques has shown a need for- 
a more specifie staining method. The use of the- 
conventional metachromatic dyes, though resulting 
in satisfactory preparations in many cases, presented 
problems of identification of mast cell granules in 
some tissues, for example, in lymph nodes where the 
intense nuclear orthochromatic staining of sur- 
rounding cells obscures metachromatic granules. 

As recently as 1957, Barlow! was prompted by 
“a lack of a sufficiently reliable and selective method 
of identification” for mast cells to formulate a 
tribasic stain for their differential staining. The con- 
stituents for this tribasic stain were acridine red, 
neutral red, and basic fuchsin, but unfortunately the 
staining technique was lengthy and complicated. 

When using metachromatic dyes, background or 
orthochromatie staining of tissue elements can be 
completely suppressed by acidifying the dye solution 
and adding metallie cations in suitable concen- 
trations?. In dilute solutions, however, lengthy 
periods of immersion in the dye were necessary to 
produce even faint metachromatic staining of the 
mast cell granules. In order to increase the speed and 


intensity of the granule staining, dye concentrations 
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were increased, and background staining was avoided 
by increasing the metallic cation concentrations. 

The tissues employed were obtained from the lip 
and tongue of young adult Chester Beatty albino 
rats. These tissues were fixed in 10 per cent neutral 
formol saline, embedded in paraffin wax—‘Celloidin’ by 
Peterfi's method, and cut in serial section at Tu 
thickness. These techniques have been shown to be 
satisfactory for the demonstration of mast cells in 
tissues obtained from the albino rat?, 

A 0-01 per cent toluidine blue solution buffered at 
pH 3-0 with a 1 in 10 dilution of MeIlvaine’s sodium 
hydrogen phosphate citric acid buffer was found to 
stain satisfactorily mast cell granules in 10 min. A 
concentration of 2 gm. per cent crystalline magnesium 
chloride, that is, 0-2 N concentration, was required to 
prevent background or orthochromatic staining. 
Except for faint staining of cartilage matrix, this 
solution was specific for the granules of mast cells 
(Fig. 1). 
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Fig. 1. Staining of mast cell granules with complete suppression 
. "at Daakini staining. (x 1,000) 


Nuclear fast red stained the nuclear material 
without interfering with the granule staining. 

W. Montagna (personal communication, 1956) 
suggested that much ‘washing out’ of a metachromatic 
dye by the low-grade alcohols during dehydration 
procedures could be avoided by using tertiary butyl 
alcohol instead of the various grades of ethyl alcohol. 
As tertiary butyl alcohol was unobtainable, the closely 
related tso-propyl alcohol was used as a substitute 
and found to have no apparent deleterious effect on 
the toluidine blue staining. 

Montagna’s recommendation to employ toluene 
as a clearing agent has also given satisfactory results. 
In later work terpineol has been substituted for 
toluene, as it is less volatile and, therefore, easier to 
use. The results were similar to those obtained with 
toluene. 

Diffusion of the dye into the mounting medium has 
been prevented by employing toluene-balsam, and 
avoiding heat in drying the mountant. Sections pre- 
pared in this manner have remained unchanged over a 
period of three years. 

The technique for the ‘specific’ stain is as follows : 
(1) remove paraffin wax with xylene, and hydrate in 
descending grades of ethyl alcohol; (2) wash in 
distilled water; (3) immerse in a ‘pretreatment’ 
solution of a 1 in 10 dilution of McIlvaine’s sodium 
hydrogen phosphate citric acid buffer at pH 3-0 for 
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Fig. 2. ‘Specific’ stain aiia at mast cells clearly visible. 
x 12 


l hr. ; (4) stain for 10 min. in a 0-01 per cent toluidine 
blue (Gurr 2706) solution in a 1 in 10 dilution of buffer 
at pH 3-0 to which 2 gm. per cent crystalline mag- 
nesium chloride have been added ; (5) counterstain 
with 0-1 per cent nuclear fast red (Gurr 3569) for 5 
min. ; (6) rinse in distilled water ; (7) dehydrate with 
three changes of isopropyl alcohol for 2 min. each : 
(8) clear in toluene or terpineol; (9) mount in 
toluene-balsam, and dry away from heat. 

With this technique the granules of mast cells are 
stained heavily with the toluidine blue, and the 
cartilage matrix faintly blue. Nuclei are stained red 
(Fig. 2). 

In order to establish the precise relationship of 
the nuclei to the granules of the mast cells stained 
by the ‘specific’ stain, a composite Feulgen reaction 
‘specific’ stain was carried out on sections of lip and 
tongue. 

The Feulgen reaction (after Pearse) was carried 
out first, without counterstain. The sections were 
then immersed in the ‘pretreatment’ buffer solution 
for 1 hr., and then stained with the ‘specific’ stain. 
Nuclear fast red counterstain was omitted from the 
‘specific’ stain procedure. 





Fig. 3. Composite Feulgen reaction—‘specific’ stain. (x 540) 
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It was found that the subsequent staining of the 
mast cell granules by the toluidine blue was not 
affected by the preceding treatment of the Feulgen 
reaction. The granules remained metachromatic, 
and the nuclear chromatin was stained red from the 
Feulgen reaction. 

The relationship of the granules to the nuclei was 
clearly apparent in those cells which contained only 
moderate numbers of granules (Fig. 3). In some cases, 
however, the granules were *so numerous that the 
nuclear staining was obliterated. The distribution of 
the Feulgen-positive material corresponded to the 
nuclei demonstrated by the nuclear fast red in the 
‘specific’ stain. 

The ‘specific’ stain applied to frozen sections has 
given similar results to those of paraffin wax—‘Celloi- 
din’ sections. 
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Ultrastructure of the Clear Cells in 

Renal Carcinomas and its Importance 

for the Demonstration of their Renal 
Origin 

Mosr pathologists will agree that the histogenesis 
of the so-called Grawitz tumours of the kidney was 
settled by the classical paper of Stoerk published in 
1908 !; but the arguments of this author, convincing 
as they were in disproving the suprarenal nature of 
the ‘hypernephroma’, were much less so in demon- 
strating their renal origin. That is the reason why 
this latter opinion has been challenged time and 
again. New theories have been put forward, among 
which those of Apitz? and of Feyrter* have attracted 
some attention lately. 

It seemed interesting then to inquire whether the 
ultrastructure of the clear cells might reveal some 
details which would provide conclusive evidence of 
their renal origin. 

This is indeed the case, and the main cytological 
feature revealed by the study of 8 clear cell carcinomas 
of the human kidney will be briefly outlined here. 

In the electron microscope the tumour cells appear 
clearly delimited, separated from the vascular 
stroma by a typical basal membrane, identical to the 
similar structure in the normal kidney tubule. But 
whereas in the optical microscope the cytoplasm of 
the clear cells appears empty, here it is filled with 
structural elements among which three are most 
conspicuous: mitochondria, heavy osmiophilic fat 
deposits and glycogen. ‘The abundance of mito- 
chondria is one of the main characters of these 
tumour cells. Many of them appear literally stuffed 
with these organelles and the presence of numerous 
microbodies indicates that an active multiplication 
of the chondrioma is taking place. In all probability 
the high amount of fatty material noticed long ago 
in the clear cells is related with this extraordinary 
aptitude of the clear cell to produce mitochondria. 
This fact has to be kept in mind because it is in itself 
a characteristic property of convoluted tubule cells. 
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Fig. 1. Basal portion of a tumour cell showing the characteristic 
features of a convoluted tubule cell, especially smooth cyto- 
membrane (arrows) inserted on the basal membrane (bm) (x 6,860) 





+ y 


è. 4 é “e : J 
Fig. 2. Elements of brush border (central portion of the figure) 
belonging to a group of tumour cells ( x 13,700) 


But other and far more significant morphological 
details have come to light during these studies. In 
the first place the presence of smooth cytomembranes 
must be noticed. They form parallel sheets (Fig. 1) 
inserted perpendicularly upon the basal membrane. 
These formations exist in all cells where active 
exchange of liquid takes place such as in the choroid 





- tissue with concentrated hydrochloric acid}, 
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plexus, the ciliary epithelium and the submaxillary 
salivary gland’. They are also a very prominent 
constituent of the convoluted tubule cells. Further- 
more, & number of the tumour cells exhibit a free 
apical surface provided with microvilli (Fig. 2) 
which are identical to the embryonic form of brush 
borders. 

Here then are ultrastructural constituents of the 
clear cells in renal carcinomas which indicate clearly 
that these tumours arise from the epithelial cells of 


a _ the convoluted tubule. 


CH. OBERLING 
M. RIVIÈRE 
S Fr. HAGUENAU 
Inatitut de Recherches sur le Cancer, 
oa oo Villejuif, Seine. 
i Stoerk, O., Beitr, Anat, und Allg. Path., 43, 393 (1908). 
*Apitz, K., Virch, Arek, 811, 285 (1943). 






z a Feyrter, F., “Uber diffuse endokrine epitheliale Organe” (J. A. 


Barth, Leipzig, 1938). 
o * Pease, D, ©, J. Biophys, Biochem. Cytol, 2 (Supp.), 208 (1856). 
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Collagenase Maceration of Kidney for 
Microdissection 
Tug traditional method of preparing kidney for 
microdissection is by maceration of formalin-fixed 
This 
method gives an excellent preparation of loosened 


nephrons and. collecting tubules that can be dis- 
entangled and studied by microdissection. However, it 
< gutfers from the disadvantage that the acid treatment 
-changes the nuclei so that they cannot be demon- 


- ‘strated in dissected preparations by the usual staining 


_. methods. A method of maceration that would allow 
-Nuclear staining after dissection would considerably 
widen the scope of the technique. 

A variety of alternative macerating agents has 


been tried without success*. The present communi- 
cation records the successful use of the collagenase 
-of Clostridium histolyticum for maceration, permitting 
subsequent nuclear staining, of aleohol-acetic acid- 

fixed kidney. | 

In the course of the investigation, collagenase has 
been tested on fresh unfixed tissue and on tissue fixed 
-with either alcohol, alcohol—acetic acid, acetone, 


< aeetone-acetic acid, saturated mercuric chloride, 
-saturated picric acid, mercuric-dichromate (Zenker 


: : _ stock) or formol saline. Phosphate and borate buffers 


- have been compared as diluents for collagenase ; 


formol saline and 1 per cent acetic acid have each 
_ been tried as final fixatives for the macerated tissue ; 
and the pretreatment of tissue slices with 6 M urea! 
has been tested. It has been confirmed that it is not 
possible to use collagenase for formalin-fixed tissue. 
-Formalin alters the collagen substrate so that it is no 
~ longer susceptible to collagenase**, Alcohol-fixation 
_.does not inhibit the activity of collagenase, but the 
-nephrons and collecting tubules are too brittle for 
dissection although good nuclear staining is possible. 

_Acetone-fixation does not inhibit collagenase, the 
-nephrons and collecting tubules are much easier to 
dissect and nuclear staining is not impaired. The 


addition of 25 per cent glacial acetic acid to either 
` aleohol or acetone for fixation further improves the 







. macerated tissue for microdissection. 
_.. Slices of alcohol-acetic acid-fixed kidney‘, about 
i mm. thick, are washed for 4 hr. in running water 
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coverslip and stained by drawing Mayer’s hæmat- 
oxylin through with Blotting paper. After a few 
minutes the stain is rinsed away with Scott’s tapwater 


and the nuclei are clearly stained in pale cytoplasm. > ` 
Although collagenase-macerated material is not. so. | 

easy to dissect as acid-macerated tissue, the method, 00 

by allowing nuclear staining, yields-valuable inform. © 


ation not otherwise obtainable. Wee 
Nancy J. HAYWARD 

Department of Pathology, i a 
University of Melbourne. 


l o i ., MacDowell, M., and Tracy, A., J. Clin. Invest 80. 1307 3 


* Darmady, E. M., and Stranack, F., Brit. Med. Bull., 13, 21 (1957). 

* Neuman, R. E., and Tytell, A. A., Proc. Soc. Exp. Biol. N.Y., 78, 
409 (1950). 

t Robb-Smith, A. H. T., “Nature and Structure of Collagen”, editeby 
Randall, J. T., 21 (Butterworths, London, 1053), ; 

* Keech, M. K., J. Path. Bact., 77, 361 (1959). i 

' Clarke, J. L., Phil. Trans, Roy. Soe., B, 141, 607 (1851). 





Culture of Human Leucocytes on the Chorio-. — 


allantoic Membrane of the Chick 


A NEW technique has been developed for the” 
culture of human leucocytes and other cells. 
Suspensions of cells of the ‘buffy coat’ of heparin- 
ized human blood were introduced under sterile — 
conditions into diffusion chambers consisting of two 
sheets of membrane filter (‘Oxoid’), 2 em. in diameter, 

cemented to a polystyrene ring. . 
chamber was sealed and dropped on to the cho 
allantoic membrane of the seven-day chick embryo 
through a slot in the egg-shell. Eggs were incubated 
at about 39°C. Cultures were examined at intervals to 
determine the state ofthecells. After removal from the | 
egg the filter disks were cut free from the polystyrene 
ring, placed on slides and stained with acetic orcein. 

After two days of incubation many macrophage- 
like cells were present on the inside of both upper and 
lower disks of the chamber, but primarily on the upper. 
disk. The fluid in the chamber contained mostly. 
small lymphocytes and polymorphonuclear leucocyte: 
which were also found on the bottom disk bu 
apparently not attached. Present on the bottom disk 
was also a considerable number of large mononuclear 
cells which appeared to be attached to the membrane 
filter. - 
Cell divisions were first observed after four or five 
days of incubation and only in cells which seemed to 
be of the large mononuclear class. Divisions were 
observed in isolated cells (Fig. la) as well as in cells 
which were part of a group. Dividing cells were 
found only on the inside of the bottom disk of the 
chamber, that is, on the membrane filter which was in 
direct contact with the chorio-allantoic membrane of 
the chick. At five days most of the cells on the upper 
disk of the chamber were dead while the fluid in the 
chamber still contained healthy looking small 
lymphocytes and polymorphonuclear leucocytes. No 
human erythrocytes were left by this time. Chick 
cells were effectively excluded from the inside of the 
chamber. 


The inoculated = 
ehOrio- 
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Human leucocyte cultures. Arrows point to dividing cells. 
go en days old 





By seven days the number of cells in division was 
substantially increased and the cells were, for the 
most part, assembled into a nearly continuous sheet, 
epithelioid in character. 
= At five, seven or eight days, chambers were trans- 
ferred to a new host and examined five or six days 
later (twelve to fourteen days from the start of the 
cultures). At this time the only cell-type remaining 
was a large epithelioid-like mononuclear cell found 


exclusively on the bottom disk of the chamber ; 


this cell was several times larger than uncultured 
blood monocytes. All small lymphocytes and poly- 
morphonuclear leucocytes had disappeared from both 
fluid and disks of the chamber and no debris was 
present. The frequency of divisions was higher than 
before (Fig. 1b), that is, of the order of 2 per cent. 

Human foreskin fibroblasts and some embryo 
chick cells, cultured by the method reported above, 
also have-yielded promising results. The technique 
may prove particularly useful for culturing cells 
which are ordinarily refractory to primary in vitro 
cultivation. 

This work, part of a programme supported by 


the U.S. National Institutes of Health (RG. 5804), 


was done while I was Special Research Fellow 
(CF4028-C2) of the U.S. National Cancer Institute, 
on Jeave from the Department of Biology, Mass- 
husetts Institute of Technology. 

: EUGENE BELL 
artment of Genetics, The University, 
Glasgow. Dec. 24. 


5 | Decomposition of Humic Acid by Fungi 


ALTHOUGH there have been a number of publications 
dealing with the utilization of humic acid by micro- 
organisms, these papers have, at the most, reported 
that some humic acid preparations may serve as a 
source of nitrogen!.?. No convincing evidence appears 
to have been published concerning the destruction or 
utilization of the non-nitrogenous portion of the 
humic acid. 

As the result of a prolonged series of percolation 
experiments, we have isolated a number of organisms 
capable of decomposing humic acid. Of these the two 
most active are fungi and have been provisionally 
referred to the genera Spicaria and Polystictus. After 
successful tests had been completed with the presumed 
Polystictus, the Basidiomycetes, Polystictus versicolor, 
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Hypholoma fasciculare and Tram- 
etes rubescens, were also tested 
and found to decompose the 
humic acid. We have previously? 
- discussed the difficulties associated 
with investigations concerned with 
the microbiological utilization of 
humie acid, but in the work 
reported here it is considered 
that there is evidence of a 
genuine biological decomposition 
of the humic acid molecule. 
The humic acid used was ex- 
tracted from the B, horizon of 
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a podzol soil from Delamere 

Forest, Cheshire, by means of 

50 per cent v/v lactic acid. 

b The extract was passed through 

a, 7 days old; b, 14 an ion exchange column, pre- 


cipitated with hydrochlorie acid 
and then purified by dialysing, first against dilute 
hydrochloric acid and then distilled water. The 
humie acid was then dried in vacuo at 45°C. An 
analysis gave the following percentage composi- 
tion: carbon 50, hydrogen 3:9, oxygen 38, nitro- 
gen 0-4, methoxyl 1 and ash 1:5. The basie 
medium used throughout was the one on which 
the effect was first observed and may not be 
optimal. It contained dihydrogen potassium phos- 
phate, 0:4; dipotassium hydrogen phosphate, 0°6 ; 
magnesium sulphate, 0-5; potassium chloride, 0-5; 
sucrose, 20 gm. per litre, with trace elements and 
Fries’s vitamin solution added. 200 ugm. per litre of 
vitamin B,, was also included. 

Growth of the active fungi on agar contaming 
sufficient humic acid (0:12 per cent) to produce a 
dark brown medium gave a clear zone associated 
with the fungal mycelium. There was no evidence of 
any accumulation of the humic acid by the mycelium 
as had been observed previously? with fungi such as 
Penicillium spp. In Petri-dish culture complete 
clearing of the medium occurred with Polystictus in 
four weeks. 

Quantitative studies have been carried out using 
soil perfusion columns and large-scale cultures in 
penicillin flasks. At the end of the experiment the 
humic acid remaining in the perfusate or medium 
respectively was recovered. In addition to this the 
soil or mycelium in each case was treated with warm 
1 per cent potassium phosphate solution to remove 
all absorbed humic acid, since it is known that not 
only fungal mycelium’ but also soil colloids’ will 
absorb considerable quantities of humic acid. The 
two extracts were combined and the humic acid 
precipitated and removed for final purification, drying 
and weighing. : 

The soil percolation columns contained sterile 
soil and were inoculated with either a spore suspension 
of Spicaria or a mycelial suspension of Polystictus. 
The results of the recovery of humic acid after a 
period of eight weeks are given in Table 1 and are 
compared with a similarly treated uninoculated 
control cohimn. It can be seen that a considerable 
loss of the humic acid has oceurred in cornparison 
with the control. 

The penicillin flasks contained 500 ml. of medium, 
but with the addition of 0-25 per cent agar and 0-039 
per cent humic acid. They were inoculated and 
incubated at 25°C. for six weeks. The loss of humic 
acid is shown in Table 2. 7 
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Table 1. RROOVERY OF HUMIO ACID FROM SOM PRROOLATION COLUMNS 





APTER MianT WHEES 
Humie acid (mgm) 
REER Loss (per cent) 
Added 
Control 81 49 
Flaster 66 88°83 
ON ysticlie 77 42-8 


Tabie 2. 


RECOVERY OF HUMIO ACID FROM PANIOLLLIN FLASK 
OULTURES AFTER RIGHT WHEHES 





The possibility was considered that the humic acid 
may have been reduced to a leuco form which was not 
precipitated by acids. Tests showed that this was not 
s0 and in any event the strong oxidase activity of 
Polysticius* makes this possibility very remote. 

The ability of Basidiomycetes to decolorize humic 
acid suggests a similarity to the bleaching effect on 
malt agar reported by Nobles* and Cartwright and 
Fmdlay’. The colour of malt agar is due to the 
caramelized carbohydrates and is therefore akin to 
gaccharo-humic acid. Tests with saccaro-humic acid 
prepafed from sucrose with hydrochloric acid have 
shown that this is also decomposed by Sptcarta and 
Polystictus. However, this does not necessarily mean. 
similarity in structure between the two humic acids 
in view of the ability of Polystictus versicolor* to 
decolorize a wide range of organic materials including 
organic dyes. 

The work described in this communication was 
carried out as of a project for the chemical 
and microbiological investigation of humus in soil, 
made possible by a grant from the Nuffield Foundation. 
Our thanks are also due to Dr. F. M. Dean for his help 
and advice on the chemical aspects of the work and 
to Miss D. 8. Griffiths for technical assistance. 

ALAN BURGES 
PAMELA LATTER 
Hartley Botanical Laboratories, 
University of Liverpool. 
1 Flaig, W., and Schmidt, H. L., Arckww Mikrobiol., 87, 1 (1967). 
Kan gare H., Archie Mikrobiol., 80, 162 (1958). 


3 Burges, A., and Latter, P. Eco f Soil Fung” 
iav erpool and aie Press) Taere oa 


1 Evans, L. T., and Russell, E. W., J. Soil Sei., 10, 119 (1959) 
* Boulter, D., and Burges, A., Raperientia, 11, 188 (1955). 
* Nobles, M. K., Can. J. pe 0, 28, 281 To 


* Cartwright, K. 8$. G d Findlay, P. K., “Decay of Timber 
and its Prevention”, 170 (LM. NEE ‘Office, 946). 


t Preston, A., and McLennan, E. L, Ann. Bot., N.8., 12, 58 (1848). 


A Method for Characterizing 
Pseudomonas solanacearum 


Pseudomonas solanacearum (©. F. Smith) is an 
important and widespread bacterial pathogen of 
economic plants in tropical and warm temperate 
gzones!, It has been shown recently that the cells of 
P. solanacearum grown on an appropriate medium are 
intensively sudanophilic, due to the presence of 
massive inclusions of poly- -6-hydroxybutyric acid?,?. 
Formation of the polymer is known to be a character- 
istic of certain saprophytic pseudomonads*, 4,5, A 
further study was made to ascertain whether such 
a distinctive character could be diagnostic. 
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Plant pathogens from the genera Xanthomonas, 

seudomonas, Agrobacterium, Erwinia, and Coryne- 
bacterium were tested for production of a sudanophilic 
cell component by growing them on a peptone 
medium containing glucose, sucrose, or glycerol, then 
staining with sudan black B*, followed -by extraction 
of the dried cells in chloroform to confirm the presence 
of poly-B-hydroxybutyric acid*. The results are 
summarized in Table 1. , 


Table 1. 


° 
DI¥FRERENTIATION OF SOMM PLANT PATHOGENIC BACTHRIA 
ON THH 


Basis OF FORMATION OF POLY-f-HYDROXYBUTYRATH 
INGLUSIONS 


-hydro 
butyric aald) 









anacectas hosts from potato) Scone 9 hosts. 
$ ina ding tice trains of- ea (ring rot in into} 
u & m TO a 
addition, 44 strains for 8 spe es of Xanthomonas and 1 eet 
nom 6 species of Agrobacterium small 


MORGI. 


The 43 cultures of P. solanacearum were of wide 
geographical distribution and included strains from 
Brazil, Central America, southern United States, 
Israel, Cyprus, Southern Rhodesia, Uganda, Kenya, 
and Mauritius, as well as isolates from seed potatoes 
imported in 1959 from Egypt into Scotland and 
Sweden. The morphology and consistency of colonies 
of P. solanacearum on solid medium are known to be 
correlated with virulence in solanaceous hosts’; this 
collection included those which were predominantly 
opaque and fiuidal (virulent), and also those which 
were exclusively translucent and non-fluidal (aviru- 
lent or reduced virulence), but production of the 
polymer was characteristic of all strains of the 
pathogen. In stained preparations of fluidal and non-' 
fluidal colonies grown on the sucrose/peptone medium 
defined below, it was observed that cells from the 
former colony type stained more uniformly with 
sudan black B than non-fluidal cells. Two strains of 
P. solanacearum, F2 from tomato and RH from 
banana, showing in culture a clearly defined, appar- 
ently irreversible, change in colony morphology from 
fluidal (smooth) to non-fluidal (rough), were examined 
in order to correlate colony morphology and virulence 
with amount of poly- B-hydroxybutyric acid. The 
difference in intensity of staining with sudan black B 
was reflected in the quantity of polymer extracted 
from the cells (Table 2). Strain RE had previously 
been shown to be virulent in the fluidal form for 
banens and avirulent in the non-fluidal form. The 
same result was obtained for strain F2 in tomato’, 
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Table 2. CORRWLATION BETWEEN COLONIAL MORPHOLOGY AND POLY-S-HYDROXYBUTYRIO ACLD CONTANT IN Peeudomonas eolanacearum 


Colony Colony type Fiuldal (smooth) Non-fluidal (rough) 
Strain Percentage Pereen 
` -afia dry weight Polymer polymer ean Cell dry weight Polymer polymer Fe eal 
ADE (mgm./plate) (dry weight) (mgmm./plate) (mgm. /plate) (dry weight) 
- PR “94 16°8 8'3 . 13-0 
(from tomato) 48 40-0 14:3 28 8 
72 40°7 19°38 28 
RE 86 17°38 40 15-7 
(from banang) 60 2 8 18 0 26° 
84 87-1 18 0 24°3 





Seah F araroa y ao a acid was extracted with chloroform from the acetone-dried celis obtained from the surface of three ar four 20-ml. 


uneen re) 9 om. ameter Petri dishes inoculated 


The following medium was found to be satisfactory 
for detection of poly-6-hydroxybutyric acid and 
observation of colony variants in P. rum 
{amounts in gm./litre of distilled water): sucrose 
(B.D.H., Ltd., laboratory reagent), 20-0; peptone 
(Oxo, Ltd., London), 5:0; dipotassium hydrogen 
phosphate, 0-5; orystalume magnesium sulphate, 
0-25; agar powder (Davis), 20-0, pH adjusted to 
7:2-7-4 with 40 per cent sodium hydroxide, auto- 
claved at 16 lb. pressure for 20 min. 

In systematic bacteriology detection of poly-B- 
hydroxybutyric acid has proved to be a valuable 
ancillary test; in plant pathology there may also 
be applications. The milky exudate from the infected 
vascular bundles of potato, tomato, and banana, 
from which almost pure cultures of P. solanacearum 
have since been obtained, has been shown to be 
mtensely sudanophilic. The technique may prove 
useful, for example, in differentiating in plant tissue 
the three bacterial pathogens of potato: P. solana- 
cearum causing brown rot, Erwinia carotovora var. 
atrosepiica causing blackleg, and O 
sepedonicum causing ring rot, and possibly in the field 
diagnosis of other diseases. 

Previous work has shown that poly-§-hydroxy- 
butyrate inclusions are not formed m representative 
species of several genera of the Enterobacteriaceae, 
to which in the present work the genus Erurnta is 
added3,4°, The absence of the polymer from all but 
one strain of one species of Agrobactertum contrasts 
with Rhtzobtum, in which massive inclusions are 
formed both in culture and in the bacteroids of root 
nodules?,?, 

I am grateful to Dr. W. J. Dowson, Botany School, 
Cambridge, for the opportunity to examine the 
bacteria maintained in his laboratory, and for his 
advice and encouragement. Many of the bacteria 
examined were obtained through the courtesy of Mr. 
R. A. Lelliott, curator of the National Collection of 
Plant Pathogenic Bacteria, Plant Pathology Labora- 
tory, Harpenden. 


A. C. HAYWARD 


Commonwealth Mycological Institute, 
Kew, Surrey. 
1 Kelman, À. Teoh, Bull. N.C. Agric. Exp. Sta., No. 99 (1953). 


t Formy WwW. G. 0., Ha A. 0., and Roberta, J. B., Nature, 
1892, a Ai 
Ha 


A.C Le AN . G. C., and Roberts, J. B., J. Gen. 
20, 610 (1959). 


t Morris, M. B., and Roberta, J. B., Nature, 183, 1588 (1050). 
* Doudoroff, AL, and Stanier, R. Y., Nature, 183, 1440 (1959). 
t Burdon, K. L., J. Bact., 52, 665 (1946). 

? Kelman, A., Phytopath., 44, 693 (1954). 

3 Spence, J. A., and Hayward, A. O, (unpublished work). 
*Anon., Rev. App. Mycol., 38, 294 (1959). 

1 Hayward, A. 0., J. Gen. Microbiol., 21, H (1959). 


Petri over the whole surface. Incubation temperature, 30° O. Concentration of 
snorose In medium, about 20 mgm./mL (see text for complete composition). 


True’s Beaked Whale from the 
South-East Coast of South Africa 


Mesoplodon mirus True, True’s beaked whale, is 
known from fourteen stranded specimens from the 
shores of the North Atlantic, the most northerly 
specimen being from the Outer Hebrides and the 
most southerly from Florida’. On May 21, 1959, a 
17 ft. 6 in. beaked whale was washed up at Wilderness, 
170 miles eastwards along the coast from Cape 
Agulhas, the southernmost tip of Africa. The skeleton 
of this whale was saved from the axes of the health 
authority’s disposal squad by Mr. B. L. Cairncross, a 
local naturalist, and presented to the South African 
Museum. This whale proves to be an adult male 
True’s whale. Dr. F. C. Fraser has kindly compared 
photographs of this specimen with the example of 
True’s whale in the British Museum (Natural History), 
and confirms this identification, stating, however, that 
the lower jaw of the South African specimen appears 
deeper and more massive than the British Museum 
example. 

Moore and Wood! have regarded this species as 
primarily & western Atlantic species, occurring 
north of latitude 35°N., and consider the single 
Florida specimen (latitude 29° 28’ N.) reported by 
them as probably a stray carried southward of its 
normal range by the south-flowing current inshore of 
the Gulf Stream. The finding of the present specimen 
in the Indian Ocean greatly extends the range of 
the species, possibly indicating a southern variety. 
It also shows, however, that the beaked whales are so 
little known, particularly in areas where coast lines 
are very poorly covered for strandings as is the case 
over most of the Indian Ocean, that any generalizing 
as to distribution is really guesswork at present. 

This specimen will be fully described and figured 
elsewhere. 


F. H. Tansor 
South African Museum, 
Cape Town. 
1 Moore, J. 0., and Wood, F. G., American Mus. Novitates, No. 1831, 1 
(June 21, 1957). 


A Bivalve Gastropod 


In Nature of March 12, p. 749, Dre. L. R. Cox and 
W. J. Rees reviewed a paper by the Japanese authors 
Kawaguti and Baba on a bivalved gastropod they had 
described under the generic name Tamanovalva. I 
should like to put on record a further ocourrence of 
this remarkable group of molluses. A single left valve 
(now in the Stanford University Collection, Cali- 
fornia) of what is probably a new species, with the 
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characteristic spiral nucleus and central adductor 
muscle scar, was collected on Espiritu Santo Island, 
near La Paz, Gulf of California, in beach drift, on 
November 1, 1959. 

The earliest generic name for this group of bivalved 
gastropods may prove to be Berthelinta Crosse, 1875 
(Journal de Conchyliologte, vol. 23, p. 79), the type 
species of which, B. elegans, 18 from the Eocene of 
France. Specimens in the Paleontology Museum, 
University of California, have been available to me 
for study. I can see no significant differences in the 
shells between Serthelinia and the Recent forms, 
Tamanoraira from Japan and LEdenttellina from 
Australia (until recently the latter had been assumed 
to bolong to the Pelecypoda). That this opisthobranch 
gastropod group should have originated in the Paris 
Basin during Eocene time is not implausible, for many 
other molluscan groups now having a limited distri- 
bution in the Pacific Ocean flourished there during 
the early Tertiary. Whatever generic name is 
eventually accepted for these bivalved gastropods, 
the range of the group seems to extend back in time 
at least to mid-Eocene and in the modern seas from 
Japan to south-eastern Australia and to tropical 
West America. 


A. MYRA KEEN 


Department of Geology, 
St&hford University, 
Stanford, 
California. 


Developments in the Propagation 
of Clones of Hevea brasiliensis 
by Cuttings 


CLONES of Hevea brasiliensis are normally bud- 
grafted on seedling rootstocks. In an attempt to 
overcome the disadvantages inherent in this practice, 
the Rubber Research Institute of Malaya is con- 
ducting an investigation of methods of establishing 
clones as trees growing on their own roots. Encourag- 
ing results are being obtained by rooting leafy clonal 
cuttings under special conditions which include the 
application of water as a mist spray. 

Two clones recommended for large-scale planting in 
Malaya, PB 86 and GT 1, are being rooted with up to 
90 per cent success. Other less-widely distributed 
clones have rooted similarly, including some of the 
hybrids of Hevea brasthensts and H. benthamiana. It 
is now possible to obtain sufficient clonal material to 
investigate the stock-scion relationships in Hevea, 
and to improve the accuracy of other botanical and 
nutritional experiments. Furthermore, should these 
self-rooted trees prove satisfactory ın the plantation 
itself, the mist-spray propagation techniques will find 
large-scale commercial application—either in prop- 
agating high-yielding clones on their own roots, or 
in raising selected clonal rootstocks for panel- or 
crown-grafted clonal scions. 

In common with many forest trees, cuttings from 
young seedlings of Hevea brasiliensis root readily, 
while those from buddings do nott. As the seedling 
ages so rooting ability declines, in rubber quite 
sharply*. Some progress in the production of uniform 
material was made by Wiersum’, who by ‘stumping’ a 
young seedling (that is, by cutting it back very 
severely) and taking outtings from the resulting 
sprouts obtained 40 rooted plants from one individual. 
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McIndoe* also found that cuttings from the lower 
3 ft. of seedling trees root readily and that this process 
can be repeated with the vegetative progeny. He 
hopes that this high-rooting capacity may persist, but 
the performance and secondary characteristics of 
such untested material are unknown and the method 
is limited to experimental use. 

Levandowsky* first reported the rooting of com- 
mercial budded clones in some quantity by leafy 
cuttings. While still attached to the parent ‘stump’, 
each shoot was wounded by ringing the bark. Some 
days later these shoots were removed, together with 
the portion of callused tissue at their base, and 
inserted in the rooting medium under a continuous 
mist spray. 

Experiments at this Institute designed to study the 
effect and interplay of the various factors have now 
shown that the ringing operation is unnecessary. A 
more important factor 1 the efficiency of atomi- 
zation of the spray, accomplished by raising .the 
pressure to 50 lb. per sq. in. and the use of special 
nozzles. The present procedure in propagating 
Herea by leafy cuttings is as follows. Bud-wood 
stems are cut back to 30 in. above the graft union, 
and the shoots arising from the latent buds are used 
as cuttings. Shoots from the top of bud-wood stems 
have also rooted well, and with certain clones even. 
leafy shoots from trees in tapping have been used with 
success. Cuttings are selected which have healthy, 
fully expanded and mature but not senescent leaves ; 
the terminal bud must not be breaking into fresh 
growth. The source shoots are cut when about 16 in. 
long, the lower leaves removed and the shoots trans- 
ported in polythene bags. In the propagation nursery 
their bases are trimmed to provide cuttings about 
10 in. long. After immersion in water the coagulated. 
latex at the cut end is peeled off and the basal inch 
dipped into ‘Fermate’ dust (kindly supplied by 
Messrs. E. I. Dupont de Nemours and Co., Inc.). 
The prepared cuttings are planted into beds 5 ft. wide 
containing a rooting medium, a 1:1 mixture by 
volume of sawdust and sand being suitable. Finely 
atomized water is applied through nozzles and 
switched off only at night or during ram. The beds 
are shaded to reduce the light intensity to about 50 
per cent and are surrounded by a screen to prevent 
excessive drifting of the mist. 

With some clones rooting begins after about 40 
days, a number are less rapid in their rooting while in 
others there is a rapid deterioration of leaf condition. 
accompanied by complete failure to root. When the 
roots are approximately 1 in. long the cuttings 
are planted into baskets containing John Innes. 
Potting Compost No. 2 and placed at the sides of the 
rooting beds in the drift of the mist. After a further 
week the rooted plants are moved, and when suffici- 
ently hardened and the roots well established, they 
are planted out. 

Rooted cuttings of more than fifty clones have been. 
produced and successfully planted, and their sub- 
sequent growth and rooting habit are being observed. 
An experiment to compare the growth of self-rooted. 
clones with conventional bud-grafts on unselected 
seedlings stocks has been planted. Other related 
experiments are being planned. 

Meanwhile attempts are being made to improve the 
rooting of other recommended clones. These include 
the production of source shoots in suitable condition 
for regenerative response, the use of growth - 
lating substances and other chemicals, and the 
determination of the optimal rooting environment. 
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Results of these studies will be published in due 
course. 

We are obliged to Mr. C. E. T. Mann, director of 
the Rubber Research Institute of Malaya, for per- 
mission to publish this information and to Dr. 
F. R. Tubbs, director of the East Malling Research 
Station, for seconding one of us (R.J.G.) to the 
Rubber Research Institute of Malaya. 


a G. H. TiNLEY 


The Rubber Research Institute of Malaya, 
Kuala Lumpur, 
Federation of Malaya. 


R. J. GARNER 


East Malling Rossaroh Station, 
Kent. 
' Baptiste, E. D. O., J. Bubb. Rss. Inet. Malaya, 9, 17 (1039). 
* Gregory, L. E., Turrialba, 1, 201 (1951). 
2Wiersum, L. K., Rep. Fourteenth Int. Hort. Cong: Schoeveningen, 
2, 1885 (1955). 
1 McIndoe, K. G., pets Circ. Oeylon Rubb. Res. Sek., $4, 39 (1958). 
"Pro k ropagation of Clonal Hevea brasviensis 
riculture 


* Levandowsky, 
vision, United States Operations 


Outtings’ P ree 
Mission to Viet-Nam, Saigon, Nov. 1058) 
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Wetting Properties of Insect Cuticle 


Tae idea has long been current! that the tanning 
of insect cuticle by quinones makes it more ‘hydro- 
fuge’. It is certainly true that dry tanned gelatin 
is less easily wetted with water than the untanned 
protein. But it is doubtful if such a statement is 

meaningful, applied to a water-saturated protein, 
whether it be tanned or not. A more useful form of 
this original suggestion may be: the tanning of 
insect cuticle lowers its adhesion to water. 

Recent experiments on the permeability of insect 
cuticle to water’? suggest that the waterproofing is 
especially efficient when the waxes on the surface of 
the integument are packed in a solid monolayer, with 
the long aliphatic chains (XY, Fig. 1) pointing away 
from the cuticle surface, and with the polar endings 
(Y Y)——which are primarily hydroxyl groups—at the 
surface. The cuticle surface forming the substrate 
for such an orientated monolayer is not a simple 
protein, but a tanned lipoprotein‘; it therefore now 
appears that the substrate has high adhesion to the 
hydrophilic, rather than to the aliphatic, ends of the 
polar molecules. Stated in this form, it would seem 
that tanned lipoprotein has marked hydrophilic 
affinities in ciroumstances where it might select 
either the hydrophilic or the lipophilic ends of polar 
molecules—the reverse of the thesis implied in the 
paragraph above. 
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Almost all substances, including solid paraffin wax, 
do become easier to wet after long exposure to water ; 
but if the surface of a cockroach is washed in the 
surface of running water, whereby all its superficial 
unattached grease spreads away, the remaining 
surface is remarkably hydrofuge. From an assesament 
of the water-permeability, and of the permeability/ 
temperature characteristics of such a washed animal, 
it would seem that only the orientated monolayer on 
its tanned cuticulin substrate remains behind’, and 
that the extreme hydrofuge nature of this surface 
arises because such a monolayer will present an array 
of tightly packed —CH, groups (XX) to water placed 
on it—perhaps the surface with least adhesion for the 
water molecule. Recent experiments suggest that 
such a monolayer is likewise the structure over the 
surface of those hydrofuge areas of some aquatic 
insects, which can submerge for long periods, yet 
remain highly hydrofuge, as illustrated by their rapid 
shedding of water when they surface. 

The evidence of recent studies on the permeability 
of these aquatic insects indicates, however, that they 
have an orientated monolayer of grease over their 
unwetted and over their readily wetted areas of 
surface as well. An examination of Dytiscus suggests 
that the cutioulm surface under the hydrofuge areas of 
grease is tanned, but that in the hydrophil areas of 
the natural cuticle, the underlying lipoproteip is not 
tanned. Now cuticulin and chorionin’, which have 
large amounts of lipid condensed with protem, may 
well be expected to have a strong affinity for other 
lipoid materials, such as the aliphatic chains of polar 
greases—and much less affinity for hydroxyl groups. 
But the subsequent quinone tanning of a lipoprotein 
would appear to change this affinity, so that the 
surface then has high adhesion to the polar groups of 
the grease. 

As a result of these observations and of physico- 
chemical experiments, the following thesis can now 
be advanced : a change in the affinity of cuticulin or of 
chorionin may be promoted by tanning it with 
quinones; as a result a polarized grease layer on 
such a surface will be reversed, and consequently the 
surface property of a greased lipoprotein will change 
from being exceptionally hydrophil to bemg extremely 
hydrofuge, through the tanning of the substrate. 

Since residual grease films are difficult to eliminate, 
such a phenomenon may give rise to the suggestion 
contained in the first paragraph, and attributed to the 
property change of protein alone. However, the 
implications of such a mechanism are mush more 
profound. It may not only explain the way in which 
the aquatic insect may differentiate its surface pro- 
perties ; but also ıt may, for example, provide a real 
explanation for unusual capillary activities which 
must take place in all insects. Thus, if a tube or 
sponge is composed of a lipoprotein with a reversed 
monolayer on its surface, capillary pressures in it will 
be very high, for the contact angle to water against 
the outwardly directed polar groups will be very 
small. On tanning, and change of the monolayer to 
normal orientation, the contact angle will become 
appreciably greater than 90°; little energy will 
therefore be required to empty such Such 
phenomena occur in the emptying of the tracheal 
system at eclosion’ and at ecdysis’, in the production 
of the air film of the plastron while submerged in 
water, and in the appearance of air in the aerogcopic 
sponges of egg-shell®; the authors quoted have 
repeatedly outlined the necessity for assuming that a 
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mechanism is present which produces hydrofuge 
properties in a surface submerged in water, and have 
variously suggested that wax or its secretion, or the 
tanning of proteins, would prove essential to that 
unknown mechanism. The physico-chemical system 
now proposed would seem to satisfy these require- 
ments and also to accommodate the associated 
evidence which has previously been described. 

A full account of the experiments on which this 
suggestion is based, and of their probable impli- 
cations for the physiological mechanisms of insects, 
will appear elsewhere. 


J. W. L. 


Agricultural Research Council 
Unit of Insect Physiology, 
Department of Zoology, 

Downing Street, 
Cambridge. Dec. 2. 


1 Pryor, M. G., ML, Proce. Roy. Soe., B, 188, 378 (1940). 
* Beament, J. W, L., J. Bap. Biol., 35, 404 (1058), 
* Beament, J. W. L., J. Bap. Brol., 36, 301 (1959). 
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? Wigglesworth, V. B., J. Ezp. Brol., 15, 248 (1938). 
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Effect of Relative Humidity on Hatching 
and on Toxicity of Ovicides to E 
of the Red Spider Mite, Tetranychu 
telarius (L.) (Acarina : Tetranychidae) 


- Some information is already available on the 

relationship between. relative humidity and hatching 
of eggs of Tetranychus telarius (l.)'. However, the 
information is based on data compiled from broad 
ranges of relative humidity and therefore does not 
enable an exact picture of the relationship to be seen. 

In connexion with biological and toxicological 
studies in this laboratory on eggs of T. telartus it has 
been found convenient to induce mites to lay eggs on 
glass slides. This has made it possible to make an 
accurate study of the effects of relative humidity. 
By holding eggs in a particular relative humidity at 
23° C. for the whole incubation period, the degree of 
resistance to desiccation or drowning over the whole 
range of relative humidities has been obtained. 
Results are given in Fig. 1. 

With the red spider mite Panonychus ulms (Koch), 
Beament* describes a change in the structure of the 
egg membrane which makes the egg ‘waterproof’ 6 hr. 
after it is laid. With 2. telartus there appears to be no 
such complicating factor, the eggs having a certain 
resistance to desiccation and drowning from the 
moment of being laid. 

Available information about the micro-climate on a 
leaf surface is unfortunately inconclusive. Ib can be 
assumed, however, that relative humidity can be 
high and in fact can reach saturation point. If such 
conditions of saturation or near saturation occurred 
for any prolonged period, it is clear that a high 
natural mortality of eggs could be expected. 

riments with ovicides were carried oub in 
relative humidities restricted to those which had little 
or no adverse effect on egg hatch. Freshly laid eggs of 
T. telarius wero treated by dipping in ovicides 
(wettable powder formulations) and then incubated 
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Fig. 1. Mortality of eggs of T. telarius in different relative 


humidities at 23° O, 


in different humidities at 23° C. The concentration 


- of ovicide which produced 50 per cent mortality of 


eggs (LC50 = lethal concentration 50) was determ- 
ined at each humidity. Regression lmes of mortality 
against concentration, obtained at each humidity, 
were parallel. Several ovicides were tested and all 
showed a similar trend: a decrease in L050 with an 
Increase in relative humidity. Results obtained for 
one of them, ‘Kelthane’ (1,1-b1s(p-chloropheny])- 
2,2,2-trichloroethanol), are given in Fig. 2. 
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Fig. 2. Toxics of ‘Kelthane’ to eggs of T. telarius incubated 
in different tive hurnidities (Ane 60 of 0 05 represents an 
Spates tion or + lb. active material per 100 gallons of water) 


These results show that relative humidity must be 
considered as one of the significant factors affecting 
the performance of an ovicide. 

A full report of this work is in preparation. 

R. A. HARRISON 
A. Q. SMTH 
Plant Diseases Division, 
Department of Scientific 
and Industrial Research, 
Auckland, 
New Zealand. 


1 Bondreaur, H. B., J. Insect Physiol., 2, 65 (1988). 
* Beameont, J. W. L., Ans. App. Biol., 38, 1 (1951). 
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Normal Susceptibility Levels of 
Anopheles pharoensis Theobald to DDT 
and Dieldrin 


House spraying with residual insecticides, parti- 
cularly with DDT and dieldrin, plays an important 
part in modern anti-malaria campaigns. The toler- 
ance of malaria vectors to these toxicante is therefore 
of special interest. Assessments of the susceptibility 
of many different species ef anopheline mosquitoes 
before and during spraying operations have been 
carried out in many parts of the world'. However, 
nothing seems to have been published on the normal 
resistance-level of A. pharoensts, a vector of malaria 
in several countries of Africa. 

A number of tests have been carried out on this 
apecies in the village of Natsini, 10 km. outside the 
sprayed area of the Mass Malaria Control Campaign 
in Sokoto Provmee, Northern Nigeria. Wild females 
were obtained at night from a donkey-baited hut 
soon after they had engorged. In the following 
morning they were exposed for 1 hr. to filter papers 
impregnated with insecticide using the World Health 
Organization adult test method, a modification of the 
Busvine testa. The exposure-time was followed by a 
recovery-period of 24 hr., during which the mos- 
quitocs were kopt in unwaxed paper cups provided 
with cotton wool soaked in sugar solution. Then the 
results were read. 

The temperature and humidity during the time of 
testing varied from 24°C. to 28-4° C., and 74 to 85 
per cent respectively, and the range of temperature 
durmg the recovery-period was 20-30° C. The results 
obtained are shown in Table 1. 


Table 1 mn 






Insecticide | Concentration No. of mosquitoes 
(p exposed dead 


er cent) (per cent) 
DDT 0 25 2 2 
05 30 12 
10 75 83 
20 218 71 
40 9 97 
4 0* g8 100 
Control — 0 0 
Dieldrin 0:05 20 8 
01 100 85 
02 188 80 
04 223 98 
Control — 1 


* Exposure time, 2 hr. 


The median lethal concentrations (£050) have been 
estimated graphically on the dosage-mortality lmes 
drawn on logarithmic-probability paper. They were 
for DDT 1-5 and for dieldrin 0-14 per cent. 

Susceptibility-levels, estimated for many different 
species of anopheline mosquitoes from untreated 
areas, have shown surprisingly little variation of the 
L050 *. It varies between 0-5 and 1:5 for DDT and 
between 0-05 and 0:15 per cent for dieldrin. The 
figures obtained in the present communication lie in 
the range of these variations and indicate a normal 
susceptibility of A. pharoensis to these insecticides. 

F. KvuHLow 
Mass Malaria Control Campaign, 
Birnin Kebbi, 
Sokoto Province, 
Northern Nigeria. 

‘World Health Organization, Bull. WHO, 16, 874 (1957). 
* Busvine, J. B., and Nash, B., Bull. Entom, Res , 44, 371 (1953) 
* World Health Org., Tech. Report Series, 80, 80 (1954). 
t World Health Organization, WHO/Mal/203 (1058). 
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Mortality and Viability of Insect Migrants 
High in the Air 


EnromoLogists have long been aware that vast 
numbers of insects are distributed up to thousands of 
feet m the air on any warm day!. The men who 
collected evidence of this assumed that the insects 
were alive’-*, However, the trapping methods they 
used killed most of the insects so that mortality and 
viability could not be assessed. Other entomologists 
have been less confident of the vitality of insects 
dispersing regularly by such flights, perhaps because 
of a belief that an ascent to, say, 5,000 ft. means a 
flight of many hours; this is not necessarily so". 
Nevertheless, 1t is not generally accepted that this 
mode of transport is no more lethal than flight near 
the ground‘. 

Insects have therefore been collected between 
1,000 and 5,000 ft. at Cardington, Bedfordshire, 
England, with the kind co-operation of Mr. L. A. 
Speed and the staff of the Research and Development 
Establishment, to see what percentage of Insects at 
these levels are alive and undamaged. ‘The insects 
were caught in a vertical series of 6 nets, suspended 
from a balloon cable and opened for some hours 
between 09-00 and 16-00 hr. G.m.T. in June, July, 
August and September 1959. A mechanism opened 
the nets after ascent and closed them before descent’. 

Out of 1,610 insects caught, 1,571 (97 per cent) were 
alive and undamaged ; 25 (2 per cent) were alive but 
damaged ; 14 (1 per cent) were dead, when the nets 
were opened. Most of the damage to insects and some 
of the mortality were certainly caused by handling 
the neta. Mortality was probably also increased by 
the long time (up to 5 hr.) that some insects spent in 
the net after capture, exposed to the desiccating 
action of the wind. It may be assumed that the 
insects had, on average, completed half their aerial 
fight when they were caught, for the air almost 
clears of insects at night'. It can therefore be gaid 
with confidence that, of insects flying up to 1 mile 
high over southern England in mild summer weather, 
less than 2 per cent die in transit, except by predation 
or other means that leave no trace. 

It is not possible to assess the viability of these 
insects quantitatively because it is often difficult or 
impossible to identify them at once and the pattern 
of reproductive behaviour is rarely known. However, 
some insects did reproduce, and living offspring were 
obtained from the following agricultural pests: 
cabbage aphid, Brevicoryne brassicae L.; peach-potato 
aphid, Myzus persicae Sulz.; bean aphid, Aphis fabae 
Scop. ; frit fly, Oscinella frie L.; hessian fly group, 
Mayetiola sp., possibly destructor Say. 

Many other insects, not yet identified, also repro- 
duced successfully. Although not the smallest of 
insects, these include some of the most fragile. ‘This 
seems to establish the viability of high-level migrants 
beyond reasonable doubt. 

L. R. TAYLOR 


Department of Entomology, 
Rothamsted Experimental Station, 
Harpenden. 
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Homeostasis of the Sex Ratio in Drosophila 


Tue ability of 150 larva to emerge as adults under 
6 different temperature regimes for 3 inbred lines, 
their hybrids and the F, generation has been studied 
in Drosophila melanogaster’. This work revealed that 
interactions between genotype and environment 
were smallest in the F, generation and largest in the 
inbred lines. The £,’s therefore show a higher degree 
of stability or homeostasis than the inbred lines. 
The F, gave a genotype x environment interaction 
intermediate between the F, and the inbred lines, as 
might intuitively be expected because of segregation 
in the F,. 

The temperature regimes were 15° C., 24°C. for 8 hr. 
and 15°C. for 16 hr., 24° C., 24° C. for 8 hr. and 31°C. 
for 16 hr., 31° C., and 31° C. for 16 hr. and 15° C. for 
8hr. At 10 a.m. and 6 p.m., the replicates under the 
fluctuating temperatures were from one 
temperature to the other, so that the 16-hr. period 
represented the night and the 8-hr. period the day. 
The three inbred lines were Oregon (OR) and Sacra- 
mento (SAQ), which were highly inbred by sib-mating, 
and Biloni (BIK), which has been mass-inbred since 
1947. The BIK mass-inbred line was almost equiva- 
lent in homeostatic ability to the F, hybrids. This is 
perhaps because mass inbreeding permits the uncon- 
scious selection of heterozygotes more readily than 
under sib-mating. 

While the data were being collected, sex ratios 
were noted throughout, and only recently have these 
been analysed. In Table 1, the percentage of females 
for each inbred line, F,, and F,, is given with a 
heterogeneity yx’, testing the heterogeneity of the 
2 X 6 contingency tables made up of the two sexes 
and the six temperature regimes. 


Table 1. PEROEBNTAGH OF FPMMNALSS AND HETEROGSNEITY z? TESTS 
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The OR and SAC inbred lines, which were inbred 
by sib-mating, were deficient in females and were 
relatively heterogeneous between temperatures, 
whereas the BIK mass inbred line gave 50-41 per 
cent females with no significant heterogeneity. 
Usually in Drosophila somewhat more females than 
males are expected’, hence the BIK line is closer to 
the normal sex ratio than the OR and SAC lines. 
Furthermore, the BIK line showed no significant 
heterogeneity between temperatures, which again 

ts its greater homeostatic ability compared 
with the OR and SAC lines. 

All the F, crosses gave about 51 per cent females 
with no significant heterogeneity, thus demonstrating 
their superior homeostatic ability. The /,’s showed 
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an excess of females, but with rather more hetero- 
geneity than for the F, data, but leas than the inbred 
lines. Similarly, as pointed out earher, the smallest 
genotype x environmental interaction was obtained 
for the F, the largest for the inbred lines, and the F, 
interaction occupied a position intermediate between 
the F, and the inbred lines. Hence it may be said 
that the sex ratio data in this experiment agree with 
the magnitude of the genotype xX environmental 
interactions observed. *The behaviour of the sex 
ratio in the various inbred lines and crosses over the 
six, temperature regimes therefore agrees with recent 
theories on the possible relationship of homeostasis 
and heterozygosity’. It must of course be emphasized 
that homeostasis and heterozygosity are not neces- 
sarily related in all situations‘. : 

In order to explain the deficiency of females in the 
OR and SAC inbred lines, it may be postulated that 
the homozygous genes of the XX females depress the 
viability of the lines somewhat more than ‘the 
hemizygous genes of the X Y males. The F's between 
these inbred lines gave considerably more flies than the 
inbred lines, and as about 51 per cent females were 
produced in the F, compared with 46 per cent in the 
inbred lines, the increase is made up of rather more 
females than males. Possibly this occurs because the 
F, females are heterozygous for the X chromosome, 
whereas the F, males are hemizygous. 

If heterozygosity is related to homeostasis or 
stability, as occurs in many situations’, then it is 
possible that the XX females would exhibit a greater 
degree of homeostasis than the XY males. To test 
this, the significance of genotype x environmental 
interactions was tested for each sex separately for the 
inbred lines, and the F, and F, generations. However, 
there was no suggestion of any difference between 
sexes. Hence it may be said that within the limits of 
accuracy of the data, there is no difference in homeo- 
static ability between the sexes. Consequently the X 
chromosome may not be of great importance in 
determining homeostatic ability, unless the Y 
chromosome in the males has an effect similar to an 
X chromosome. 

P. A. Parsons 

Department of Genetics, 

University of Cambridge. 

1 Parsons, P. A., Genetics (in the presa). 
t Crew, F. A. E., Amer, Nat., 71, 529 (1937). 
s Lem, la M., “Genetic Homeostasis” (Oliver and Boyd, Edinborgh, 


1 Thoday, J. M., Heredity, 12, 401 (1958). 


Genetic Basis of Two Melanin Inhibitors 
in Drosophila melanogaster 


Mourants such as ebony (6) and black (b) in Droso- 
phila increase the melanin content of the integument 
of the adult fly. The ability of inbred and mass-bred 
larves of the genotypes 66”, e” +, and + + to survive 
under various concentrations of the two melanin 
inhibitors phenyl-thio-carbamide and silver nitrate 
mixed in the food will be discussed briefly here, but 
complete details with additional information will be 
presented elsewhere. 

Phenyl-thio-carbamide is an organic sulphur com- 
pound which inhibits melanin formation by com- 
bining with copper ions, which are necessary for the 
action of the enzyme, tyrosinase’. The inhibitory 
action of silver nitrate, a heavy-metal compound, is 
presumably due to ite interaction with the enzyme 
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itselft. In the presence of sub-lethal doses of silver 
nitrate, flies are bleached to a yellow-white colour? 
and are often greatly reduced in size, but in the 
presence of sub-lethal doses of phenyl-thio-carb- 
amide the flies are phenotypically unchanged except 
that some flies are slightly reduced in size. 

Various concentrations of silver nitrate and 
phenyl-thio-carbamide were added to the medium 
on which larve not more than 12 br. old were placed. 
The number of larva emerging as adults was recorded 
for mass bred 66”, 6”+- and ++ genotypes {e” = 
ebony’, + = Oregon stock). Inbred lines of the 
same three genotypes were also tested. The inbred 
lines were produced by single pair mating individuals 
heterozygous for e” for 17 consecutive generations. 
The ebony and wild-type homozygotes were then 
selected from the segregants of the seventeenth 
generation. Hence the three inbred lines should 
differ from each other genetically in the region of the 
ebony locus, but the remainder of the chromosomes 
ought to be almost identical genetically and nearly 
homozygous. In Table 1, some results are presented. 
Each entry in the table represents the number of 
adult flies emerging from 100 larve (4 replicates of 
25 larvæ). 


Table 1. NUMBER OF ADULT FLIES RKERGING FROM 100 LARVA 


S 


25 per cent 
0 


0 
0- 
QO: 
Q- 
0 
0 
0 
0 


per cent P.T.O. 
-30 per cent AgNO + 
0-03 per cent TC. 





AgNO,, silver nitrate; P.T.O., phenyl-thio-carbamide. 


Considering first the mass-bred genotypes we see 
that silver nitrate is most lethal to + + flies and 
phenyl-thio-carbamide to e’e” flies. The two inhibitors 
are therefore opposite in their action. Mixtures of the 
two chemicals in the medium might therefore lead to 
e” -+ flies emerging at higher concentrations than the 
two homozygotes. The table shows the results of two 
such tests. For 0-30 per cent silver nitrate + 0-03 
per cent phenyl-thio-carbamide negative heterosis 
was observed. In fact, no mixture of silver nitrate 
and phenyl-thio-carbamide produced positive hetero- 
sis. Hence the two inhibitors appear to be comple- 
mentary in their action on the heterozygote so that 
its viability is depressed most. Negative heterosis 
of this magnitude, where both the homozygotes 
survive, with very few or no heterozygotes, has 
evolutionary possibilities in the creation of isolating 
mechanisms. This situation suggests that by a 
suitable adjustment of the composition of the food 
medium, both e’s” and + + could co-exist, but would 
be uneble to exchange genes and hence they could 
diverge. Conditions are therefore created by which 
sympatric speciation can occur. 

Another effect is noticeable at high concentrations 
of phenyl-thio-carbamide. At both 0-04 and 0-08 per 
cent phenyl-thio-carbamide, 19 e”+ flies emerge. 
However, at 0-04 per cent, 32 66” flies emerge and at 
0:08 per cent, 9 emerge. Results not recorded here 
show that this trend is valid for intermediate 
phenyl-thio-carbamide concentrations. Hence we 
have a change in dominance according to concen- 
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tration of phenyl-thio-carbamide. At 0-04 per cent, 
emergence appears to be correlated with the degree 
of melanization of the flies, but at 0-08 per cent 
there is no such correlation, and another system 
appears to have arisen which permits the development 
of heterosis. 

Considerably more of the inbred flies survived on 
0-25 per cent silver nitrate than mess-bred flies and 
silver nitrate is again most lethal to ++ flies. This 
general increase in survival compared with the 
mass-bred flies is probably due to the inbreeding 
system used. As 6*-++ is not much darker than + +, 
it may be supposed that there would be a tendency 
for the darkest e” + flies to be selected so as to be sure 
they were 6“+. Such a selection did, in fact, appear 
to take place as the + + line extracted at the seven- 
teenth generation of inbreeding was visibly darker 
than the + + mass-bred strain. Hence, as the flies 
were being inbred, selection was also being carried out 
simultaneously for increased melanin production. 
In subsequent generations, the melanin content of all 
genotypes would be increased, as a result of selecting 
dark e” + flies. In the mass-bred- stocks, there was a 
correlation between melanin content and ability to 
emerge, and this relation appears to occur in the 
inbred stocks if it is assumed that selection has 
favoured more extreme melanization. Perhaps the 
melanins protect the developing fly by mteracting 
with silver ions by a detoxification process, #0 that 
selection for increased pigment synthesis increases 
the tolerance of flies to silver ions with a resultant 
increase in survival value for all the inbred genotypes. 
With phenyl-thio-carbamide, therefore, we would 
expect fewer inbred flies to survive as there has been 
selection for increased melanization, for pheny]-thio- 
carbamide was most toxic to the mass-bred ee” flies. 
Table 1 shows that at 0-04 per cent phenyl-thio- 
carbamide no inbred flies emerged and at 0-03 per 
cent very few emerged. Hence, it is evident that the 
ebony locus is not the only locus affecting emergence 
under the two melanin inhibitors, but there is a sub- 
stantial background of modifiers on which selection 
has acted. Finally, when silver nitrate and phenyl- 
thio-carbamide were mixed in the medium, negative 
heterosis was often observed. Many combinations did 
not show negative heterosis, but in no case did positive 
heterosis occur. Since inbreeding has only increased 
the general melanin-level, the occurrence of negative 
heterosis is to be expected in some cases. 


R. A. Kroman* 
P. A. Parsonst 
Department of Genetics, 
University of California, 
Davis. Jan. 6. 
* Public Health Research Fellow of the National Cancer Institute, 


U.S.A. ; present address—-Long Beach State Coll Oalifornia. 
t Presentaddreszs: Department of Genetics, University of Cambridge. 


1 Lerner, A. B., and Fitzpatrick, T. B., Physiol. Rev., 30, 91 (1950). 
* Rapoport, J. A., Amer. Nat, 81, 80 (1947). 


Basic Chromosome Numbers in Silene 
and Saponaria 


During the course of a chromosome survey of the 
north-west Indian angiosperms, I have found two 
new basic numbers in the Caryophyllaceae of the 
Panjab Plains. 

Stlene conoidea Linn. is a very common annual 
weed in this area. The species has been worked out 
from several selections and has revealed persistently 
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10 bivalents at metaphase 1 with perfectly normal 
meiosis. In view of the fact that more than 80 
species of the genus Stene! possess the basic number 
12, the present number (n = 10) is significant. 
There is, however, one species, S. fortunes’, with 
n = 15. These facts suggest that, first, the presence 
of the haploid numbers like n = 10 and 15 in the 
genus indicates that the original basic number of this 
series is 5. S. conoidea is, therefore, tetraploid and 
S. fortunes is hexaploid. Hence, both these species are 
what may be called ‘cryptic polyploids’. Here it may 
be of interest to mention that the present observations 
reveal that the grade of ploidy built on-7=— 5 is 
from 42 to 6x, while on z = 12 it is from 2s fó 16x?. 

Secondly, with the present observations the genus 
becomes dibasic (x = 5 and 12) and this at once 
raises the question about the probable constitution 
of x = 12, that is, whether it has been compounded 
from x = 6, or from v = § and 7. However, to date 
z = 6 and 7 have neither been discovered in any 
species of the genus, nor their presence surmised on 
even indirect grounds. In any event, the cytogenetical 
relationships between n = 10 in S. conoidea on one 
hand, and n = 15 in S. fortunet and species with 
n= 12 on the other, pose interesting problems. 
Furthermore, so far x = 6 has neither been found nor 
inferred on indirect grounds in any of the Silenocidease, 
but with the present observations one may be 
tempted to relegate x = 15, found in some genera of 
the subfamily, to only x = 5. 

Lastly, in view of the overwhelming occurrence of 
xv = 12 in the genus Stene, it is worthwhile to 
determine the biosystematical relationship of the 
species with x = 6, that is, whether the latter are 
genuine members of the genus. 

Saponaria vtaccarta Linn. is another very common 
annual weed. Several different samples of this species 
reveal the presence of n = 15 and 2n = 30, which 
confirms the earlier findings of Mulligan’. Again 
this number is unique, since the prevailing situation 
in the genus isn = 141. Apparently, this genus also 
becomes dibasic with n = 14 and 15, and it is worth- 
while to find out the cytogenctical relationship 
between the two numbers. Such a study would also 
reveal the true taxonomical relationship of the 
present taxon with the typical species of the genus 
Saponarta. Another important aspect is the bio- 
systematic relationship of S. vaccarta with the genus 
Vaccaria. Such a study is needed, particularly 
because, first, the present results reveal that the 
genus Vaccaria exclusively possesses n = 15, and 
secondly, S. vaccaria has been in the past often 
treated taxonomically as a member of the genus 
Vaccaria. 

The above aspects are being studied in detail and 
I shall be obliged for viable seeds of Silene fortunes 
and any species of Saponarta, Vaccaria and their 
allied genera. 

I am grateful to Prof. P. N. Mehra for granting 
facilities and for his interest in the study and to Mr. 
Baldev Raj for technical help. 


TN. Kuossoo 


Botany Department, Panjab University, 
Amritsar (India). Jan. 8. 


1 Darlington, O. D., and Wyhe, A. P., ““Ohromosome Atlas of Flowermg 
F nwin, Ltd., London, 1955). Cave, M. 8., 


. Bot. Soc., 
1956, 1957 and Supplement); ‘Index a Plant Chromosome 
Numbers” (Univ. North Oarolina Press, 1968). 

$ Heaslip, M. B., Okto J. Set, 51, 62 (1061). 


2 Mulhgan, G. L., Canad. J. Bot., 85, 770 (10657). 
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The Brain as Regulator 


THERE has been some debate whether the brain is 
determinate or probabilistic in its behaviour. As a 
contribution to this question, the following argument 
shows that from one point of view the determinate 
system is demonstrably of greater efficiency than the 
probabilistic. The physiclogist may therefore expect 
to find that natural selection has made the bram as 
determinate as possible. 

If the brain is regarded as basically a means to 
survival, then a necessary condition for survival is 
that against the (moderately well- defined) set of 
disturbances that threaten the organism’s existence 
the brain must so respond that the outcome of the 
combined action of disturbance and response keeps 
the organism’s essential variables within normal 
limits+-*, The brain must, in other words, act as a 
regulator, homeostatic in the general sense. The 
sequence of disturbances that comes to the organism 
can then often be treated (algebraically at least) as an 
information source (in Shannon’s sense‘) having an 
entropy, H(D) say. Similarly, the sequence of re- 
sponses will have an entropy H(R), and so will the 
sequence of values at the essential variables, H(E). 
It is necessary for survival (though not sufficient) 
that H(#) be kept small. 

The most interesting case is that in which, if the 
organism does nothing, all the changes at D produce 
changes at E (that is, the organism is passively 
buffeted to full degree). In this case Hp(H) = Hp(D), 
and it then follows? that H(#)’s minimum is given by 
A(D) + Hp(E) — A(R). So far as Hp(R) is con- 
cerned, the expression will be least if Hp(R) = 0. 
This relation gives a necessary condition that the 
brain must satisfy if it is to have maximal efficiency 
in generalized homeostasis. 

The meaning of Hp(R) = 0 is readily specified. Of 
any source A, H(A) = 0 implies that the Markov 
chain must be such that when it reaches equilibrium 
the transitions that still occur are determinate (that 
is, have probabilities all 0 or 1). Hp(R) = 0 implies 
that this tendency to determinateness must hold for 
each value of D. 

Thus, if the brain is survival-promoting by acts of 
regulation, it has maximal efficiency (other things 
being equal) if, under constant external conditions, 
it tends towards the deterministic way of behaving. 

W. Ross ASHBY 

Burden Neurological Institute, 

Bristol. 


3 Ashby, W. Roes, “Design for a Brain”, 2nd ed., 64 (Chapman and 
Hall, London, 1960). 


3 Ashby, W. Ross, ‘Introduction to Cybernetics”, 107, 208 (Chapman 
and Hall, London, 1066). 


s Sommerhoff, G, “Analytical Biology” (Oxford University Press, 


London, Soe 
‘Shannon, O. E., . ‘The Mathemateal Theory of 


Commanna" amliy Do Hiinots Press, Urbana, 1049). 


A Differential Test of Arts/Science Aptitude 

THe increasing pressure of academic specialization 
raises the question of whether we can discover a teat 
of differential aptitude for advanced work in arts and 
science subjects respectively. In a preliminary study, 
the performance of a large number of Cambridge 
undergraduates on a test of high-grade intelligence 
(A.H.5) has been analysed, with special reference to 
relative ability on the verbal, numerical and diagram - 
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matic sections of the test43. Two differential scores 
were calculated as follows: ‘Score A’, diagrammatic 
minus numerical plus verbal; ‘Score B’, diagram- 
matic plus numerical minus verbal. 

Two main results emerged. (a) If both differential 
scores were considered, a significant discrimination 
was found between arts and science students (P = 
0 001). (6) There were important differences in 
academic attainment between students with typical 
and atypical scores. The arts/science discrimination. 
18 shown in Table 1, where for reasons of convenience 
the distributions of scores have been divided into 
three groups: ‘arts’ scores, ‘science’ scores, and a 
‘neutral’ group in which there was no pronounced 
discrimination. The group of arts students shown in 
Table 1 includes classicists, historians, linguists and 
students reading English. The group of science 
students includes mathematicians, physicists, engin- 
eers, botanists, zoologists and medical students. For 
reasons given below, it does not include students 
taking chemistry, biochemistry or metallurgy in 
Part 2 of the Tripos. With this one exception, 
students were classified in terms of the subject of the 
last Tripos taken, whether Part 1 or Part 2. 


Table 1. DISORIMINATION EFFECTED BY A.H.5 BETWEEN ARTS AND 
SCIENOS UNDERGRADUATES AT CAMBRIDGE 





From Table 1 it will be seen that the discrimination 
between arta and science students is very striking. 
The chances, for example, of a physicist having an 
‘arts’ score, or a classicist having a ‘science’ score are 
as low as 1 in 20. The gist of the discrimination is as 
follows: arts students tend to score well on the 
verbal questions, and relatively poorly on the 
numerical and diagrammatic ones. The physical 
scientists (physicists, engineers, mathematicians) 
score well on the diagrammatic and numerical 
questions, and are relatively weak on the verbal ones. 
The biological scientists (botanists, zoologists and 
medical students) are relatively strong only on the 
diagrammatic questions. The only important 
exceptions are the students taking chemistry, bio- 
chemistry and metallurgy in Part 2 of the Tripos, who 
tend to be equally strong or weak on all three types 
of questions. Why this should be so is not at all clear. 

Moreover, it was found that students with atypical 
scores (for example, a physicist with an ‘arts’ score) 
were significantly more likely than otner students 
(a) to change subject in the middle of their under- 
graduate work, and (b) to gain a poor degree at the 
end of it. Further, those students with atypical 
scores who did change subject were four times as 
likely to choose a subject which was more rather than 
less concordant with their test results. (For all three 
differences, P = 0-001.) On the strength of this 
evidence, we conclude that 4.H.5 can validly be 
used as a test of arts/science aptitude, if given to 
undergraduates. The question then arises: Can 
A.H.5 validly be used at the age of sixteen, when the 
arts/science choice is crucial? Preliminary results 
suggest that such a use is feasible. 

Samples of top-stream schoolboys have been tested 
at four schools, two public and two grammar. Each 
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Table 2. ERFECTS OF ACADHMIO SPROIALIZATION ON THER STANDARD 
DHVIATION OF DIFFERENTIAL SCORES IN Six DIFFERENT SAMPLES 


| Average age ‘Sooo A’ 





group tested was at a different stage of specialization, 
ranging from the highly specialized (some had never 
had a science lesson) to boys who had not specialized 
at all. It might be argued that the arts/science dis- 
crimination found among undergraduates was an 
effect of specialization rather than its underlying 
cause. If this were true, we should expect to find 
marked differences in the scatter of test scores both 
between schoolboys and undergraduates, and between 
specialized schoolboys and schoolboys who are 
unspecialized. Table 2 shows the standard deviations 
of both differential scores for five school samples, and 
for a representative sample of Cambridge under- 
graduates. It will be seen that the scatter of scores 
for all groups, unspecialized schoolboys and under- 
graduates alike, is remarkably similar. Further, 
Table 3 shows that the arts/science discrimination 
among partially specialized schoolboys is nearly as 
strong as that among a representative safhple of 
undergraduates (including chemists, biochemists and 
metallurgists, and also the students reading geo- 
graphy, economics and law). Although promising, 
these results are no proper substitute for a follow-up 
study and should be viewed with caution. f 


Table 3. ÁRTS/SOIANOE DISCRIMINATION AMONG SCHOOLBOYS OOM- 
PARED WITH THAT AMONG CAMBRIDGE UNDERGRADUATES 


“ Arta’ ‘Neutral’ ‘Senco’ 
BCOTeS scores scores 
(per cent) (per cent) (per cent) 
Schoolboys 
(mn = 212) 
Arts 89 21 
Science 10 38 52 
Undergraduates 
(n = 608) 
Arts 55 88 12 
Bclence 9 46 45 


The help and encouragement of Dr. A. W. Heim 
and Prof. O. L. Zangwill are gratefully acknowledged. 
L. Hupson 
Psychology Laboratory, 
Cambridge. 


* Heim, A. Bi Brit. J. Paychoi , 37, 70 (1947). 


* Helm, A. “Aanval for the anode Test of High-Grade 
o 


Intelligence 
AH.” veto Foundation for Educational 


Research, 1956). 


Letter Structure of the English Language 


INFORMATION regarding the sequential dependencies 
among letters i ike English language is of interest 
not only in connexion with linguistics and crypto- 
graphy, but also because of its value for communica- 
tion theory and for the psychology of language}. 
Only two sets of such data have hitherto been 
published. One? is based on the King James version 
of the Bible, and the other‘ on an unspecified source. 
As the source may be an important variable, we have 
analysed two samples of modern English. The first 
represents written e and comprises all the 
words in the editorial columns of The Times newspaper 
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for five successive days. The second sample, repre- 
senting conversational language, is the text of the 
British Broadcasting Corporation’s radio serial ‘““Mrs. 
Dale’s Diary”, also for five successive days. In both 
cases names of persons and foreign place names were 
excluded. 

The analysis was made by a National—-Elliott 405 
electronic computer at the G.P.O.’s London Elec- 
tronic Agency for Pay and, Statistics (Leaps). Two 
programmes have been written. One gives digram 
frequencies, counts being printed for all possible 
digrams ; letter frequencies and a word count are 
obtained as by-products. The second programme 
gives trigram frequencies; the printed results give 
counts only for those trigrams occurring m the 
sample analysed. 

Tables 1 and 2 show respectively the digram 
frequencies of the two samples. Copies of the 
trigram resulta are available from us. With 
the material now at hand, words can be generated 
which are either zero-, first-, second- or third-order 
approximations to either written or spoken English. 

A. D. BADDELEY 
R. CONBAD 
Medical Research Council 
Applied Psychology Research Unit, 
Cambridge. 
W. E. THOMSON 
Post Office Research Station, 
a Hill. 
1 Shannon, and Weaver, W., ‘The Mathematical Theory of 
eiaa (Univ. of nols Press, Urbana, 1949). 


"Miller, G. A, ‘ and Communication” (MoGraw-Hill, New 
York, aot): 

“Newman. EB. B., and Gerstman, L. 8., J. Exp. Psychol., 44, 114 

‘Pratt, F., “Secret and Urgent, the Story of Codes and Oiphers" 


(Robert Hale, Ltd, London, 1939), 


A: Possible Fundamental in the Behaviour 
of Young Nidifugous Birds 


THE great output of papers over the past few years 
on the phenomenon of imprinting has recently been 
reviewed by Hess! and this has been brought up to 
date by Thorpe?. 

Although it seems that imprinting may not 
necessarily be irreversible, and in fact may not be 
very different from other types of learning*.', it is still 
convenient to define it as “the process whereby 
certain juvenile birds become psychologically fixed 
upon the parent during the first very few days after 
hatching”. Analyses of processes in young nidifugous 
birds covered by this broad definition have shown 
that imprinting may occur in response to a parent- 
object moving away from the juvenile or to various 
other visual stimuli including ‘retinal flicker’44,¢, or to 
various acoustic stimuli’. 

All such analyses, however, utilize juveniles hatched 
in incubators or by the normal female not under 
detailed observation, that is, the analyses begin 
after the first possible stimulus-response period, the 
time of actual hatching, is over. In other words, 
incubator-raised juveniles may be ‘incomplete’ with 
respect to an appetitive behaviour-consummatory act 
complex involving the parent bird, and normally 
hatched birds -will be ‘complete’ in this respect. 
Such a difference in experimental material may well 
result in differences in response; an unknown 
variable may have been operative. 

Results suggesting this have been obtained in the 
course of work on eider ducklings (Somateria mollis- 
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sima) in the Canadian arctic during the summers of 
19587 and 19598. Twelve eider ducklings imprinted 
to myself in varying degrees have been raised naturally 
in the field to at least one week old. After this some 
were raised on prepared food, some ‘escaped’, and 
some died. Most of the observed behaviour patterns 
have been checked by comparison with wild eiders of 
the same age at the same time and place. On the 
authority of Haldane’, 20 randomly selected juveniles 
are regarded as enough for ethological statistical 
validity. 

One of the most significant behaviour patterns 
observed is one which occurs immediately upon 
hatching. I propose to call this the ‘brooding reflex’ 
because if seems to be the mechanism whereby the 
newly hatched duckling orientates itself to the 
position of optimum warmth and mechanical pro- 
tection beneath the female. It involves an active 
search by the duckling for a feeling of enclosure 
around the head or part of the head. In this way the 
duckling investigates its surroundings, the appetitive 
behaviour being a search for a space into which it can 
thrust its bill or head. Thus, a duckling a few seconds 
after hatching on my hand would actively follow my 
other hand once I had held its head between finger 
and thumb. A state of rest, or even of sleep, could be 
released in the ducklings merely by providing this 
contact stimulus on two sides of the head or bill. A 
higher degree of enclosure was even more significant, 
as long as the bird was warm and could breathe and 
wriggle. All the ducklings in my care showed this 
response to a constant degree, but more significant 
perhaps, is the fact that I found that I could release a 
similar quiescence in wild juveniles. To date, this 
response has been positive in every nidifugous 
juvenile I have handled including the imprinted 
eiders and three imprinted red-breasted mergansers 
(Mergus serrator), and varying numbers of wild 
juveniles of eider, old-squaw (Clangula hyemalis), 
Canada goose (Branta canadensis), ringed plover 
(Charadrius hiaticula), and purple sandpiper (Hrolia 
maritima). 

It seems that the ‘brooding reflex’ may be of 
widespread occurrence within the Anatidee, and even 
among nidifugous birds in general. Whether it is 
regarded as a conditioning immediately preceding 
imprinting, or as an integral part ofthe full imprinting 
process, it would appear to be a fundamental 
behaviour activity which has previously been over- 
looked. 

Detailed results of these studies will be published 
in due course. The work was carried out with the 
financial support of a Carnegie Arctic Research 
Scholarship and fleld grants from the Banting Fund 
of the Arctic Institute of North America, and the 
physical assistance of Mr. C. W. Nicol, all of which I 
gratefully acknowledge. 


Perek M. Driver 


Zoology Department, 
MoGill University, 
Montreal. 
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HUMAN PROBLEMS OF INNOVATION IN INDUSTRY 


URING the past two or three decades, there 

has been a quickening of technological change in 
British industry. Associated with this change, both 
as cause and effect, there has been a marked increase 
in the number of industrial scientists whose role is 
not merely to perform tests, answer specific practical 
questions, or evolve minor improvements, but also to 
innovate, to open up new possibilities whether of 
production or use. To an unprecedented extent, 
technical innovation is becoming a ‘resource’ of 
industrial firms, like the manual skill of operators or 
the administrative skill of managers. 

This injection of a new element, this resort by firms 
to research and development as a continuing activity, 
calls for changes in the structure and method of 
management. The kind of management organization 
and practice, including relationships between different 
levels of management, which will work well when a 
business 18 running on an even keel, will not work 
where technical methods are rapidly changing. 

A. brief account by Honor Croome describes a 
study made by Tom Burns and Q. M. Stalker between 
1955 and 1957 im certain Scottish firms which entered 
a new business field involving rapid technological 
development*. It examines the strains which 
consequently arose in the field of management, and 
especially the difficulties which were encountered in 
acquiring the new resources of “Research and 
Development”, and fitting a newly recruited or newly 
expanded research and development group into the 
managerial! structure. 

The firms were mostly those taking part in the 
scheme initiated by the Scottish Council (Develop- 
ment and Industry) to stimulate the growth of the 
electronics industry in Scotland. Behind the scheme, 
and bulking large m its founders’ minds, was & particu- 
lar war-time experience: that of the collaboration 
between the Telecommunications Research Centre, 
serving officers of the Royal Air Force and Air Staff 
officers. Í 

The scheme was formally designed to bridge the 
gap between the users of electronic producte—initially, 
the Service departments and the Ministry of Supply 
—and those firms which, although potential producers, 
had no adequate research team or laboratories and 
no experience in handling development contracts. 
One big firm, Ferranti, Ltd., of Edinburgh—which 
bad special expertize in electronics and was the 
reason for choosing this rather than some other 
‘growing point’ of technology for the experiment— 
agreed to perform the functions of intermediary, or 
‘staging point’. 

The first contact is generally between the Scottish 
Council and the management of a particular firm ; 
the initiative may come from either side. The firm 
rose ia Industry No, 5: Human Probleme of Inigyation, Bese 


aN Naar, Rene isish Arma by Tom Burns and G, M- Stalker 
Pp. 8 ndon: H.M. Stationery Office, 1960.) 2s. 6d, net. 


is told about possibilities and procedures, and its 
management is invited to examine the Ferranti 
laboratory and possibly some Government research 
stations. There follows*a discussion between its 
management, Ferranti, Ltd., the Scottish Council, 
and one of the Defence Ministries, with the view of 
picking a development contract which suits the firm’s 
present activities, technical capacities, and future 
plans. A suitable contract is one which can be handled 
by the firm and Ferranti, Ltd., between them. 
When. this is arranged, the new firm engages a num- 
ber of design engineers, who then work alongside the 
Ferranti group attached to the contract. When the 
new team has sufficiently grasped the requirements, 
the special techniques, and the methods of co-opera- 
tion involved, it carries on until the cone is 
fulfilled. 

To the participating firms the main merit of the- 
scheme lies in ita efficacy as a pump-priming opera- 
tion. The initial share of a development contract 
can, justify recruiting a design team. By working 
alongside Ferranti’s, that team can gain invaluable 
experience in appreciating the requirements, the 
special techniques and the appropriate methods of 
working together. The last phase, the one that really ` 
matters, is that in which this experience is used to 
exploit the potentialities of electronics in the firm’s 
own. sector of industry and its own markete. Such 
exploitation demands more than the technical 
designer’s expertize. It calls for the appraisal of 
factors which lie outside his special function. Manage- 
ment has to consider the firm’s productive resources ; 
present and future market needs ; the capital resources 
which might be required, and also the sources from 
which, and the conditions under which, these could 
be raised; the stresses which the finances, the 
employees, and the organization of the firm can bear. 
It has to assess the potentialities of the new tech- 
niques ; the ability of the design team to evolve in 
time a product which can be manufactured; the 
abilities, too, of the draughtsmen, planning enginears, 
estimators, craftsmen, foremen, inspectors, salesmen 
and others. Wherever technical novation is intro- 
duced as a ‘resource’, it affects every aspect of man- 
agement and every manager throughout the firm ; 
and in so doing it affects the relations of managers 
with one another. : 

Tt was found in the present case that, in the presence 
of rapid technical change and the strains which it 
imposes, two natural human reactions can be recog- 
nized and guarded against. One is the impulse to 
scurry back for safety to the ‘mechanical’ system, 
the authority of the chief and the book of rules. The 
other is to blame the personal defects.\and short- 
comings of the individuals involved. Whether or not 
they contribute to the trouble, it has deeper causes. 

These are negative prescriptions. Positive pre- 
scriptions must be differently interpreted in every 
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_ firm. The first and most general requirement is that 
management should constantly re-examine what the 
firm is supposed to be doing, with the conscious aim 
of adapting operating methods and the structure of 
managerial relationships to their present task. If 
the task of the firm can be carried out by a number of 
people, each with a set of responsibilities and corre- 
spondingly limited liabilities, each occupying a well- 
established place in a pyramid of authority, such a 
system is economical and effective and has the great 
advantage of imposing less wear and tear, stress and 
uncertainty on individuals. But when the firm 18 
tackling new tasks, commercial or technical, this 
system of differentiated routine functions is not 
satisfactory. Delimitations must be made fluid, 
and responsibilities must be elastically shared. 
_Every effort must be made to encourage the sense of 
the business as a whole, with objectives and goals 
common to all its members, rather than a complex 
of separate ‘jobs’. The stronger this sense, the more 
recourse there should be to ‘lateral’ consultation, 
which should be recognized and facilitated and not 
regarded as a mere semi-legitrmate supplement to the 
‘vertical’ channels of command. 

Putting these prescriptions mto effect is partly a 
matter of organization and partly of establishing a 
code of good manners expressing-—whatever the level 
of formality or informality—a spirit of co-operation 
and appreciation rather than the desire to score or 
to assert prestige. The firm should regard the con- 
tinuous, deliberate re-casting of its structure, the 
establishment of ‘organic’ relationships, and the 
maintenance of a social climate in which these can 
flourish, as no Jess important a part of the innovating 
process than the building of laboratories and the 
recruitment of scientists and technologists. 


RESEARCH IN THE 
U.S.S.R. 


Pathogenesis and Immunology of Tumours 

Edited by G. V. Vygodchikov. Translated from the 
Russian by R. Crawford. Pp. vii-+-358. (London 
and New York: Pergamon Press, 1959.) 80s. net. 


- CANCER 


HIS volume consists of a collection of papers in 
‘3. honour of Prof. L. A. Zilber’s sixtieth birthday 
and is in no sense a text-book. Indeed it reads more 
like the annual report of the British Empire Cancer 
Campaign except that it does not cover so wide a 
field. It is unfortunate that the publishers did not give 
the date of its publication in the U.S.S.R., but the 
bibliography makes it virtually certain that most of 
the articles were written m 1953. Part one deals with 
the pathogenesis of tumours, parts two and three with 
immunological studies and there is a short section on 
investigations with electron microscopy. 

A virus ætiology ıs widely favoured in the U.S.S.R. 
and one of the most mteresting articles is that of 
Tnunofeevekii and Benevolenskaia on tissue culture 
studies. It is claimed that the mammary tumour 
milk agent can be propagated in cultures of mouse 
tissues as well as those of other species. The authors 
favour the idea that malignant transformation in 
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vitro is due to viral activity. The milk agent itself 
did not produce malignant change in their hands but 
is said to stimulate growth. They produce some 
evidence that methyl cholanthrene and the milk agent 
act synergically to produce malignant change. The 
article is critically written, and readers must bear in 
mind that ib is seven years old. A very scholarly 


review on the viruses of fowl leukoses by V. A. Parnes 


is curiously included in the next section. 

Zilber and his school are best known “for. their 
serological work. A technique much used by them is to 
sensitize guinea pigs against a tumour, to de-sensitize 
with normal tissue or other pertinent antigen and 
then to challenge with the homologous antigen. . Points 
of interest concern the ability to absorb rabbit. 


~ 


papiloma virus with rabbit red cells, leaving a- 


preparation free of virus but containing other tissue 
components. V. A. Artamonova has exploited this to 
demonstrate antigenic differences between papillomata 
and the resulting carcinomata. ‘The same author 
claims to have isolated proteins from carcinomata 
that will neutralize the papilloma virus. There is: a 
short and interesting article on the antigenic pro- 
perties of human amyloid by V. A. Parnes. There are 
articles dealing with the antigenic properties of human 
tumours, and tumours from mice, rats and birds. 
Generally they show the presence of antigenic com- 
ponents present in neoplastic tissues that are absent 
from normal tissues; different types of ngoplagm 
share some components but have some peculiar to 
themselves. In their article on the specific antigens 
of malignant tumours in man Gorodilova and 
Shershulskaia claim that specific antigens may 
sometimes be demonstrated on the red cells of 
patients with cancer of the lung, stomach, mammary 
gland and ovary. 

Unless inbred strains can be used, claims to demon- 
strate tumour specific antigens tend to be suspect. 
One naturally wonders how far Lysenko might be 
responsible for the Russians being slower than some 
Western investigators to realize this. Probably he 
had no such influence. It appears that they simply 
failed to realize the impact of genetic research until 
they read T. 8. Hauschka’s review in Cancer Research, 
in 1952. It is quoted several times in this book and 
D. M. Levina directs attention to the desirability of 
further work with inbred strains. When I heard 
Prof. Silber speak in Amsterdam last June he 
emphasized the need to distinguish between trans- 
plantation antigens and tumour specific antigens. 
He has abandoned his anaphylactic technique in 
favour of gel diffusion methods. Work with inbred 
gtrains in Britain and the United States is now begin- 
ning to reveal tumour-specific antigens, so a great deal 
of the Russian work with other types of material may 
prove to be substantially correct. P. A. GorRER 


EDUCATION IN SOCIOLOGY 


The Social Purposes of Education 
By K. G. Collier. (International Library of Sociology 
and Social Reconstruction.) Pp. xv +236. (London: 
Routledge and Kegan Paul, Ltd.; New York: 
Humanities Press, 1959.) 21s. net. 


T is not easy to decide at what level to consider 
this book. The title and the series in which it 
appears lead one to hope for a sustained and distinc- 
tive contribution to our thinking about the social 
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purposes of education. But the author seems to 
renounce this, saying that a comprehensive treatment 
would involve command of several academic dis- 


ciplines and is probably beyond the compass of a4 . 


-single person. He says that he writes primarily for 
teachers and student teachers, and so we expect a 
book rather of simple exposition. “Yet towards the 


end of his, preface he re-states his aim as being “to 


‘articulate the relations between these disciplines’. 
This is a task that would scarcely seem to be that of a 
near text-book. Then he immediately re-phrases this 
as being equivalent to a “search for criteria by which 
to judge educational methods’. These two things. 
though.related, are surely not the same. One begins 
to, wonder what kind of book 1s intended. 

The result is a work that has some good things m 
it, and that calls on a commendably wide background 
of reading, but that does not satisfy. The first three 
sections uvolve some economics, some sociology, 
some psychology and some discussion of ‘values’. 
The last section, called “Educational Principles”, 
1s rather hke a chapter from a sensibly progressive 
hand-book for teachers, and one feels that one is 
row at a different level of discourse. An attempt is 
made to link the earlier and the later sections, but in a 

“very general way and without rigour. 

Even if the purpose of the book were the modest one 
of starting students to think about the social purposes 
of: edugation, one wonders how the author could 
attempt this without either more philosophical 
penetration or serious study of comparative education 
and societies. Philosophically, the book 1s conceived 
from within a very limited framework. There are 
many incidental signs of this, the oddest being the 
statement that science sprang from Christian sources, 
those of late medieval Christendom, a surely inade- 
quate account of the history of scientafic thinking 
in human history. Again, the good teacher’s aim to 
show his pupils the truth as he sees it “without 
obliging them to choose his solution” is equated with 
the words of the Collect, ‘Make us love that which 
Thou does command”. This is the kind of looseness 
which is allowed to pases too often in ‘uplifting’ 
writing about education. There is a great difference 
between commanding people to accept what you 
ordain (and to like it to boot) and leaving them free 
to make their own choice. There is the same lack of 
penetration, in discussion of acceptance of the evils 
from which we suffer. These, we are told, may be 
accepted with a good grace when seen as coming 
from God, but are the soil of “envy, hatred and malice 
and all uncharitableness’”’ when seen as the work of 
man. The author is ing not of the material 
cause of suffering but of the frame of reference in 
which it is seen; but if he had thought of Islam and 
the “will of Allah” for a moment instead of his own 
beliefs he would have seen that this framework has a 
bearing on the readmess to remedy remediable 
suffering. When one thinks of the less-developed 
areas of the world, it seems terribly inadequate to 
say that the cause of suffering lies within oneself. 
Some, but indeed not all, suffering is an ‘unalterable 
realty’. 

This leads one to note the most surprising omission 
of all. How can one study the social purposes of 
education without considering different methods and 
systems of education in different social settings ? 
Mr. Collier has a reference or two to such writers as 

t Mead and Ruth Benedict, but one would 
have thought it indispensable to consider the role of 
the school in American social history or the social 
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conception of education in the U.S.S.R. in our own 
times, or the social function of education in primitive 
societies and the impact of change on this, or Greék 
ideas about education seen m relation to society in 
fifth-century Greece ; or at least some of these. 

There is much material in this book that could 
have contributed either to a handbook for British 
teachers on the theme of the social setting of their 
work and the problems of ‘socializing’ the young 
through the school, or tð a more sustained inquiry 
into the nature of the problem as such. But the book 
as it is is not quite one thing or the other, and it must 
be confessed that it leaves one disappointed. 

H. L. ELVIN 


MATHEMATICS AND THE 
CONDUCTION OF HEAT IN 
SOLIDS 


Conduction of Heat in Solids 

By Prof. H. 8. Carslaw and Prof. J. C. Jaeger. Second 
edition. Pp. x+510. (Oxford: Clarendon Press; 
London: Oxford University Press, 1959.) 84s. net. ° 


f liars theory covered by this book has a long history 
stretching back to the classical work of Fourier. 
It has undergone various stages of development 
covered by the subjects of Fourier series and integrals, 
Fourier—Bessel series, Laplace transforms and more 
recently integral transforms generally. The present 
work, the second edition, replacing the edition of 
1947, gives a very comprehensive treatment of the 
theory and provides “‘as complete account as possible 
of the exact solutions and soluble problems of the 
subject”. That the account is complete is very 
evident to the reader, who may be tempted into asking 
if there is much point in taking the analysis go far as 
is done in some cases. 

The first 300 pages are devoted to the theory based 
on Fourier series. This includes the linear flow of 
heat in, infinite and semi-infinite solids of various 
simple shapes. It concludes with an important new 
chapter on change of state, showing clearly how far 
it is possible to go with exact solutions and when 
recourse must be had to numerical methods. Melting 
and solidification are treated, and the practical impor- 
tance of the results ın problems such as ice formation, 
solidification of castings and the cooling of igneous 
rocks is pointed out. ot 

Three chapters are given to the use of the Laplace 
transform method. These cover both linear flow and 
problems on the sphere and the cylinder, and emphasis 
18 placed upon problems which may be solved more 
easily by this method than by the classical method. 
A practical problem which yields nicely to a theoretical 
treatment is the heating of a buried electric cable. 
Both short-circuit heating and constant-current hest- 
ing are treated. The theory of heat regenerators and 
heat exchangers is also developed via ‘the Laplace 
transform method, and there is a section on the 
theory of systems for automatic temperature control. 
It is perhaps a pity that more space is not devoted to 
these two topics, considering their great importance 
in chemical engineering. But the large number of 
references given will lead the reader to @ more 
extended treatment. 

The last two chapters are in the nature of surveys. 
They give accounts of the use of integral transforms 
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and the use of numerical methods. The former has 
been developed in recent years, notably by Sneddon 
and by Tranter, and a crucial property of the trans- 
formations is that in many cases they reduce the 
Laplace equation in two variables to an ordimary 
differential equation. The chapter on numerical 
methods is a short one showimg how the equation of 
heat-flow may be converted approximately into a 
set of difference equations which may be solved 
numerically. There is alsoea brief section on the use 
of relaxation methods. It seems a pity that more 
space was not given to the use of numerical methods ; 
for the limitations of exact solutions in practical 
problems are much in evidence throughout the book 
(for example, in the chapter on change of state), 
and & very powerful tool, namely the electronic 
computer, is now available for obtaining solutions to 
problems formerly beyond the range of the numerical 
analyst. In my opinion the analysis (in terms of 
symbols) of practical problems is sometimes carried 
too far, and it would almost certainly save much 
time in future if those concerned with heat-flow in 
practical problems were to make use of numerical 
methods at an earlier stage than has been customary 
in the past. 

This book, more than ever, will continue to be 
the standard reference work in its field. It is to be 
noted that there are now more than 700 references. 
The beginner needing a guide to the vast literature 
on the subject, and the research worker who wishes 
to see how far exact analysis will take him in a particu- 
lar case, will find it essential to consult ‘“Caralaw and 
Jaeger”. L. 8. GODDARD 


COGITO ERGO SUM 


Symbolic Logic and intelligent Machines 
By Edmund C. Berkeley. .V+203. (New York: 
Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1959.) 52s. net. 
DMUND BERKELEY’S previous book, “Giant 
Brains or Machines that Think”, and its sequel 
are well-known introductions to the field of digital 
computers. The present book seeks to infuse life 
into the more recondite subject of mathematical logic. 

Designers of computing systems differ in their 
regard for symbolic logic, and in particular Boolean 
algebra, as a practical tool, but nevertheless any but 
the merest tyro should have at least a working 
knowledge of the disciplne. 

As an mtroduction to Boolean algebra this book 
can be recommended, even though I join issue with 
Berkeley over the merits of Boole’s own “Laws of 
Thought’’. This recommendation is possible because 
the latter book, although most readable, was written 
with an eye to the formal logic of the schools rather 
than as a design tool for switching circuits. 

The first six chapters of Berkeley’s book deal with 
forma] logic and its application to switching. The 
treatment is basically that of Shannon, but the 
illustrative examples are of a light-hearted nature 
which will appeal to the non-specialist. 

The first contact with ‘intelligent’ machines occurs 
in Chapter 7, where readers are invited to agree 
that intelligence is “the ability to learn from experi- 
ence, to acquire and retain knowledge, and to respond 
quickly and appropriately to new situations, thus 
resulting in success in the performance of tasks”. 
This definition -could be questioned from a number 
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of points of view, but, at the level at which the book 
is written, it is probably as good as any. 

Unfortunately, the robot the actions of which satisfy 
this criterion of intelligence does not appear in 

uent pages of the book, and the reader may well 
doubt that a hall light, a syllogism machine, or a 
decimal adder justifies any claim that an intelligent 
machine exists. It is only fair to say that the author 
realizes this and, on page 97, attempts to clarify his 
position. 

The remainder of the book is devoted firat to an 
explanation of the way in which Shannon mtroduced 
the notion of time into switching algebra, which is 
very clearly written, and finally to the programming 
of Newton’s method for evaluating a square root on 
a hypothetical digital computer Zac. This last 
chapter is a complete non sequitur and it is difficult 
to see why it was included. 

In. his preface the author invites comments and 
corrections. Unfortunately the number of misprints 
is too numerous for detailed mention, but it is impos- 
sible not to remark on the unsatisfactory nature of 
the circuit drawings. Surely it is not too much to 
expect the use of ruler and compasses and the adoption 
of standard notations for relay coils, and for rectifiers 
(for example, on Fig. 11-1); the same modicum of 
care might also have avoided such confusing situations 
as those shown in Fig. 14-6, where five change-over 
switches have both then sides connected to ; 

A. D. Boots 


BIOCHEMISTRY AND MEDICINE 


Biochemistry In Relation to Medicine 

By C. W. Carter, Dr. R. V. Coxon, D. S. Parsons and 
Prof. R. H. S. Thompson. Third edition. Pp. xiii+ 
628. (London and New York : Longmans, Green and. 
Co., Ltd., 1959.) 50s. net. 


HE last edition of this well-known text-book was 
published seven years ago, and this new edition 
shows many changes. To begin with, the number of 
authors has increased from two to four, and the 
character of the book has been somewhat altered by 
the omission of the practical sections. The authors 
feel that universities and medical schools prefer to 
plan their practical classes in their own way. The 
original chapters have been extensively revised to 
bring them up to date, and there are some excellent 
new chapters dealing with the digestive secretions and 
testinal absorption. In the light of increasmg 
knowledge, much more stress is put upon the nature 
and mode of action of the endocrine secretions, and 
problems of electrolyte balance and renal function 
have been given more prominence. Al) this has led 
inevitably to a considerable increase in the size of the 
book, but to offset this it can be said that a good 
deal of the new material covers topics which, hitherto, 
have usually been regarded as falling more within 
the province of physiology. To biochemists, used to 
seeing so much of their subject included under the 
heading of physiology in the text-books, it is gratifying 
to find that, with advancing knowledge of hormone 
action and so on, the tables are now being turned. 
This book is written primarily for students reading 
for a degree in biochemistry or physiology as well as 
for medical students, but needs of postgraduate 
workers have also been kept in mind. It follows that 
the book contains far more detail than most 2nd M.B. 
students can be expected to cover in the limited time 
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they have for biochemistry. Moreover, for them, the 
bibliography of more than fifty pages is quite unreal- 
istic—a few selected references to reviews: would be 
much less daunting. It was disappointing not to find 
any mention of the development of British anti- 
lewisite. Perhaps this was modesty on the part of one 
of the authors (R.-H. S. T.), who was associated with 
this fine piece of war-time research of the Oxford 
School of Biochemistry ; but the work is still of great 
interest,.and it affords an excellent example of fund- 
mental biochemical research which has led to 
valuable practical advances in medical treatment. 
Perhaps it might be included in future editions. 
` D. C. HARBISON 


CARDIAC NECROSES 


The Chemical Prevention of Cardiac Necroses 
By Prof. Hans Selye. Pp. x+285. (New York: The 
Ronald Press Company, 1958.) 7.50 dollars. 


HIS extraordinary monograph reports work done 

by an anonymous team of investigators (acknow- 
ledgments are confined to secretarial staff) following 
the discovery in 1957 that a cardiomyopathy with 
necroses could be induced in rats by the adminis- 
tration pf cortico-steroids and certain electrolytes ; 
this condition wag called ‘electrolyte-steroid-cardio- 
pathy with necroges”, but abbreviated to E.8.C.N. 

It had been known for some 14 years beforehand 
that steroids administered with sodium chloride 
could induce a hyalinizing myocarditis (without 
necrosis) associated with periarteritis nodosa and 
nephrosclerosis. The new discovery excited interest 
because of the prominence of myocardial necrosis 
and the lack of the associated lesions just mentioned. 
Tho nature of this new lesion suggested to Prof. Selye 
@ possible relationship with myocardial necrosis 
induced by other means, such as potassium deficiency, 
administration of digitalis or vitamin D sterols, m 
experimental animals and occurring for reasons 
unknown in man. 

The experiments reported here show that steroids 
with both gluco- and mineralo-corticoid activity are 
necessary for the production of this condition. 
Sodium chloride has no effect on its development, 
unless the animals are also subjected to ‘stress’, but 
sodium phosphate, sulphate, or perchlorate will 
induce it-in the animal previously treated with 
steroids. Other electrolytes, it appears, have a 
protective quality when administered simultane- 
ously ; the most potent of these are potassium and 
magnesium chloride. 

The bulk of the book is devoted to reporting these 
experiments giving the detailed results of the in- 
numerable permutations of steroids, electrolytes, 
both aggravating and protective, and various 
unpleasant sounding forms of ‘stress’ applied to 
series of rats. The rest of the book is given to an 
introductory review of the historical background and to 
discussion of the possible hypotheses applicable to 
the observed results. There is finally a prophetic 
chapter discussing the future significance of these 
results in relation to the possible use of simple 
electrolytes to prevent myocardial necrosis in man. 

The experimental study was certainly ambitious 
and thorough, but in some respects seems to have 
been over-elaborated. Prof. Selye sees great relevance 
in his observations on rats to certain naturally 
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occurring conditions in man, but it is difficult to 
accept this. The discussion which deals with this 
aspect of the work and which, perhaps not surpris- 
ingly, rejects other hypotheses m favour of regarding 
the necrotizing cardiopathies ‘‘As ‘Diseases of 
Adaptation’ caused by some derailment of the 
General Adaptation Syndrome” lacks conviction and ` 
is often specious. 

The following passage seems characteristic of the 
book: “Since the discovery of the E.S.C.N. less than 
a year ago, more than 30,000 rats were used in this 
Institute for experiments designed to clarify certain 
aspects of this subject. It is evident that the complete 
evaluation of this enormous mass of material poses 
almost insuperable problems and many of our present 
hypotheses will undoubtedly have to be abandoned 
in the light of future research’. One wonders if the 
death of the 30,000 was worth while. 

D. C. DevoraR 


WATER RESOURCES 


Ground Water Hydrology 

By Prof. David Keith Todd. Pp. xi -+336. (New 
York: John Wiley and Sons, Inc. ; London: Chap- 
man and Hall, Ltd., 1959.) 868. net. : 


HE increased demand for water in recent years 

in the form of major water supply and irrigation 
schemes in all parts of the world, bas accentuated the 
importance of the assessment and development of 
ground-water resources. This trend is by no means 
confined to under-developed countries. In England 
and Wales, for example, the estimated demand for 
water in 1965 is one and a quarter times that of 1955. 
In this sense, Prof. Todd’s book is timely. Too long 
has ground-water been considered in a woolly, 
qualitative fashion by engineer and geologist. The 
need is for a quantitative assesament of ground-water 
resources and development potential. The recent 
application of the radioactive decay of tritium to 
the time dating of water is undoubtedly the key to 
quantitative work and marks the begining of what 
may be a fruitful period of study. : 

This readable and well-presented text is addressed 
to a wide group-—‘‘students, specialists in hydraulics, 
geologists . . .” and is a comprehensive account of. 
fundamentals, methods and problems in the field of` 
ground-water hydrology. The reader is led very 
logically through the geology of occurrence of ground- 
water to the equations of seepage and flow into wells.. 
While the subject-matter is familiar, the presentation 
is fresh and clear. It is inevitable that pure American 
practice is presented at times, as in the chapters on 
the construction of wells and the legal aspects of 
ground-water, but this is more than balanced by the 
American contributions in the form of “Basin Wide” 
development and. artificial re-charge, for which work. 
Prof. Todd is best known in Europe: Both these 
topics are new to text-books and thoy make a 
significant contribution to the value of the book. 

The extent to which ground-water technology is 
indebted to the petroleum industry is shown by the 
two chapters on surface and sub-surface investigation 
techniques. Highly developed resistivity, seismic and 
magnetic methods are benefits derived from this 
wealthy relation. 

The text is supported by well-chosen American 
data and an impressive array of some seven hundred 
references. E. MOLER 
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Thyroid Radioiodine Uptake Measurement 

A Standard System for Universal Intercalibration. 
By Dr. Marshall Brucer. Pp. ix+823. United States 
Atomic Energy Commission. (Washington, D.C.: 
Office of Technical Services, Department of Com- 
merce, 1959.) 3.50 dollars. 


HE measurement in vivo of the radioactive 

iodine content of the human thyroid is a decep- 
tively simple procedure. , Determinations of this 
type have been made with increasing frequency 
during the past twenty years, and are now widely used 
in the course of clinical diagnosis and radioisotope 
therapy, as well as in numerous investigations of 
thyroid function. It has long been known, however, 
that the calibration involved in such measurementa 
depended critically upon the spectral sensitivity and 
shielding of the counting ipment used, as well as 
upon its geometrical relationship to the thyroid and 
the effects of scattering and absorption of radiation 
in the neck tissues. 

In the course of discussions at Oak Ridge in 1953, 
and of subsequent inter-calibration measurements, it 
became clear that many laboratories and hospital 
departments were relying on inappropriate and quite 
madequate techniques of calibration, and that gross 
systematic errors were being made in the estimation 
_of the radioiodine content of the gland and therefore 
in the percentage uptake of any dose, since the in 
vttro measurements of the dose were not subject to 
corresponding discrepancies. The present publication 
by Dr. Marshall Brucer describes at length the effects 
upon the observed counting-rate of the counter 
shielding and collimation, the counter type and 
spectral sensitivity, the thyroid position, the scattering 
and absorption of radiation by body tiasues, and the 
body content of radioiodine at the time of the 
measurement. 

The book gives the text of a series of lectures on 
uptake measurements, and preserves their bulk and 
narrative character, with numerous explanatory 
diagrams and a non-mathematical form, and without 
any attempt to achieve a compact or formal analysis 
which would in any case be awkward in so practical 
and applied a problem. The material discussed will be 
of considerable value to those concerned with similar 
#n vivo measurements and whose methods have not 
been subjected to detailed examination of this type. 

E. E. Poon 


The Metabolism of Sulphur Compounds 
By Leslie Young and George A. Maw. Pp. 180. 
(London : Methuen and Co., Ltd., 1958.) 16s. 


HIS small book, one of the Methuen ‘Monographs 

on Biochemical Subjects’, succeeds admirably 
in its object of giving a general survey of the meta- 
belism of sulphur-containing substances. It directs 
attention to the great diversity of sulphur compounds 
in Nature, but deals, from the metabolic aspect, with 
many substances which have not been found in 
living organisms in addition to those of natural 
occurrence. The reader cannot fail to note the 
uncertainties which still exist regarding the precise 
course of the most important metabolic processes, 
such as the desulphuration of cysteine, the oxidation 
of this substance to sulphate, ita conversion to taurine 
and finally its synthesis in micro-organisms. The 
formation of thiosulphate is also imperfectly under- 
stood. It is perhaps significant of the way in which 
the study of sulphur metabolism has developed that 
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the authors have virtually restricted themselves to 
higher animals and micro-organisms and that the 
latter are dealt with in a single chapter. Although the 
authors state that plants and micro-organisms are 
responsible for the greater part of the interconversion 
of sulphur compounds in Nature, practically nothing 
is said of sulphur metabolism in plants; several 
unusual compounds which occur in plants are never- 
theless mentioned. The authors, experts on their 
subject, have covered, however, the metaboliam of 
sulphur compounds in higher animals in the widest 
possible manner, and are to be congratulated on 
producing a critical, well-written, informative and 
thoroughly documented introductory text-book. 
G. D. GREVILLE 


Health In Industry 

By Donald Hunter. (Pelican Book A441.) Pp. 288 + 
18 plates. (Harmondsworth, Middx.: Penguin 
Books, Lid., 1959.) 4s. . 


HE history of occupational disease spreads over 
Tas years and, until comparatively . reċently, 
ailments like beat knee, ‘stagmus’, writer’s cramp, 
grocer’s itch and cotton-workers’ throat were accepted 
as heavenly or other visitations about which little 
could be done. With the growth of thé industrial 
revolution the number of diseases raultiplied so much 
in factory, workshop and mine that few igdustrial 
workers were able to get through a life-time free from 
occupational disease. 

Since the industrial revolution began in Britain, 
it was fitting that British doctors should first assume 
responsibility for the health of the workers. This 
interesting book by a senior physician to the London 
Hospital, and one who has had long experience in 
industrial medicine, describes the genesis of industrial 
medical services and the way they have developed. 
Rightly, the author emphasizes that in this field 
prevention, is better than cure, and that responsibility 
for prevention rests not only upon doctors but also 
upon the Government, architects, management, trade 
unions and the workers they represent. 

T. H. Hawkins 


Fertilizers and Profitable Farming 
By Dr. G. W. Cooke. Pp. xviii +122. (London: 
Crosby Lockwood and Son, Ltd., 1959.) 15s. net. 


N this small book Dr. G. W. Cooke, head of the 
Department of Chemistry at the Rothamsted 
Experimental Station, has presented the substance 
of a series of lectures given to farmers. It is a straight- 
forward account of how commercial fertilizers can be 
used to the greatest economic advantage. This has 
now become a matter of major concern to most 
arable farmers, and, though much of ıt is a matter of 
common sense rather than applied science, experi- 
mental resulte obtained ın research fields and labora- 
tories have supplied valuable quantitative data on 
which generalized recommendations about amounts, 
composition and application of fertilizers to different 
crops can be based. Dr. Cooke, has used such data 
to make recommendations for fertilizing the principal 
British arable crops and grassland, and points out 
what adjustments are required for different conditions 
of soul and climate. The book is packed with useful 
information, but is too short to cover adequately 
operations on which British farmers spend £90 million 
a year. It deserves a better index than it has been 
given. G. V. Jaoxs 
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THE INLAND FISHERY RESEARCH STATION, SAGANA, KENYA 
By Dr. VERNON D. van SOMEREN, M.B.E. | 


N the period of reconstruction immediately follow- 

ing the Second World War, it was realized that 
future fisheries development in the Colonies must be 
based on scientific research, and to this end various 
developmental grants were made both by Her 
Majesty’s Government in Great Britain, and by 
Territorial Governments, to enable fishery research 
stations to be established in various parts of the 
world. 

In East Africa, such grants were the origin of two 


interterritorial fishery research stations under the 
ægisof the Africa High Commission ; one dealing 
with marine'fishêries off the East African seaboard 


and based in Zanzibar (East African Marine Fisheries 
Research Organization), the other dealing with 
freshwater fisheries mainly i in the great lakes of East 
Africa, and based in Jinja, Uganda (East African 
Fisheries Research Organization). 

On e@ territorial basis, grants from the Kenya 
Government enabled the establishment of two small 
freshwater research stations in Kenya Colony. One 
of these, the River Research and Development 
Centre, was situated on the slopes of Mt. Kenya about 
twenty miles from Nyeri at an altitude of about 
6,000 ft., and has already been described'. After 
six years work, mainly on trout fisheries’, this station 
had to be evacuated in 1953 as a result of the Mau 
Mau disturbances; it was re-opened again in 1956 
as a trout rearing station only. 

The other research station was started as a small 
fish culture farm, based at Sagana, some sixty miles 
_ north of Nairobi, at an altitude of less than 4,000 ft. 
Before any large-scale development could take place 
here, it also was evacuated as a result of Mau Mau 
activity. It was, however, possible to re-open it 
again in late 1955, and it has since been expanded 
and developed as the Inland Fishery Research Station 
of this Ministry. Funds were made available both 
from Kenya development grants, and more recently, 
in 1959, under the Colonial Development and Welfare 
Acts of thé United Kingdom. 

The Station now occupies an area of some 180 acres, 
ideally situated on the main Nairobi—Nanyuki road, 
adjacent to Sagana railway station, and is at present 
developed to the extent of 18 one-acre ponds, 7 
half-acre ponds, 8 quarter-acre ponds, 3 four-acre 
dams, 1 two-acre dam and numerous small breeding 
and experimental ponds, all well served by inter- 
connecting roads. 

The principal buildings include some housing, 
offices, stores and a main laboratory consisting of 
three rooms, a library room, stores and aquarium 
room. This latter has incorporated in it a long 
running-water channel, fed by the main pond supply 
furrow, and fitted with an underwater observation 
chamber ; in this the observation of river fish can 
be carried out, and spawning behaviour studied on 
various types of artificial bottom. There are five 
large static aquaria, and numerous smaller tanks. 

The ponds themselves are supplied by a gravity 
furrow taken from the Ragati River, which runs 
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è 
through the grounds of the Station, and is affluent 
on one boundary to the very much larger Tana River 
which drains eastern Kenya. Within two miles of the 
Station, there are large hydro-electric installations 
on the Tana, and others are being considered, which 
will be of considerable fishery interest. 

Both the Tana and the Ragati in the vicinity of the 
Station have falls of up to 15 ft. in their course, and 
above and below these falls there is in both rivers a 
good selection of indigenous fish such as cyprinids, 
eels, siluroids, cichlids and mormyrids. In order to 
study the biology of these indigenous river fish, the 
Ragati, a few hundred yards from the laboratory, 
has been spanned by a concrete weir supporting a 
horizontal grid trap of novel design, which traps all. 
fish running both up and down (Fig. 1). 

Last year, with only intermittent operation for 
nine months, the downstream grid of this trap yielded 
a catch of 366 Ib. of fish, of which 264 Ib. were a 
of two Indian Ocean species; and at this trap 
intensive marking programme of migratory fish is 
progress, which is already yielding much valuable 
information on movements in relation to water condi- 
tions, spawning biology and growth. The biology of 
all these river fish is very imperfectly known. A 
small elver trap of traditional pattern has been erected 
at the Ragati Falls, and has already given results of 
interest". 

River-water temperature and height are recorded 
continuously by instrumentation ; velocity, turbidity, 
and conductivity once daily. On the adjacent Tana 
River, there are a number of small “indigenous 
basket trap fisheries, which have already been 
studied; the twice-yearly flood régime of the two 
rivers is a subject of particular study, since the large 
indigenous fisheries farther downstream are entirely 
dependent on these, and the commercial potential 
of the Tana, in particular, is large. 

The climatic conditions at Sagana on the Station 
are recorded twice daily from Stevenson screen 
measurements, sunshine recorder, anemometer, and 
evaporation pan data. ` 





Two-way fish trap on Ragati River. 
left, horizontal grid downstream trap on right 


Fig. 1. Upstream traps on 
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pa reais devoted ‘to 
experimental cultural woul. mainly on. 4 lapia nigra, 
an indigenous river cichlid ; this species hi 
particularly suitable for the monosex technique of 
culture developed formerly at this Station’. Easier, 
and more rapid, applications of this method have 
already been developed?, since it has been shown that 
growth potential even after maturation is very 
marked; males can now be separated for fattening 
on the basis of breeding colération only, and growth 
is very rapid even though they may already have bred. 
Such sex-separation techniques, in addition to being 
“any economic possibility, also offer a means of very 
precise population control in a pond, and hence 
are a most useful research tool in elucidating the 
factors which control basic growth, and hence final 
yield. ‘Thus, monosex populations have already 
. been used to determine the effect of depth and turbi- 
dity of water*, sexual dimorphism in rate of growth’, 
seasonal growth patterns’, and effects of alterations 
. of stocking density’®. 
_ At the same time, attention is also being paid to 
different methods of cropping mixed breeding popula- 
tions!®, The value of all such experiments has been 
enhanced by tagging techniques"! for recognition of 
individual and batches of fish, and the effeet of such 
tagging determined’. 
Ab present, experiments are in progress on Lebens- 
o yaum effects, further cropping methods, and a study 
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< of the scale structure changes found to be induced by 
-omMonosex cultural procedures. 


Some twenty miles 
from Sagana, there is a large rice irrigation project, 
on which fish culture experiments are also in progress 
in ‘co-operation with. the Ministry of Agriculture, 
these being fertilization trials. To date, it would 
seem that ordinary farmyard manure and sulphate 
radicals (with or without nitrogen) increase final 
yields,» though phosphates may have a depressing 
effect. No fertilization experiments are in progress 
at Sagana itself until the basic growth features of 
the ponds there have been finally determined, since 
any additives may change once and for all the basic 
composition of the pond. 

Part of the Station is given over to the rearing and 
free distribution of fingerlings for elsewhere in the 
Colony. Other species under study are T. mossambica, 
T. zillii, a Tilapia from Zanzibar, and the new 
hybrid T. zillii x T. nigra, recently described*. 

Morphological, systematic and biological studies 
are also being made, such as that on the feeding 
mechanism of T. nigra“. River prawns, Macro- 
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eae spp., have recently become, the abg of 


cultural study, since they could form a high-pr iced 
eash crop, but in general T. nigra still remains the 
main object of study, since in any such station con- 
fusion and mixing of fish can all too readily occur ; 
the strictest. precautions are taken over this, as also 
over the control of predators such as birds. 

The Station is staffed by one resident research 
officer, one fishery officer, two African laboratory 
assistants and ancillary staff. There is a great need 
for more intensive hydrological, 
botanical work in the rivers and ponds, which cannot 
be undertaken with present staff limitations, though 
the laboratory is now well equipped for additional 
techniques. 

The Station works in the closest co-operation with 
the interterritorial organization at Jinja, with which 
mutual interchanges of staff have been of great 
value, and the work is complementary, but in, no 
way overlapping. The Nuffield Trust hag recently 
awarded a two-year grant to support a research 
worker for certain observations on Tilapia biology 
to be carried out at both stations, but to. date of 





writing (March 1960) no suitable candidate has yet 
been forthcoming. nypa 
Limited guest house facilities and wor. gin space 





are available at Sagana for visiting workers, though 
it is not possible to assist any such visits financially. 
With both river and pond facilities available, however, 
Sagana offers research opportunities almost unique 
in the overseas territories, in climatic conditions 
which are by no means unpleasant. 


1 van Someren, V. D., Nature, 162, 784 (1948). 
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A SYNOPTIC STUDY OF INFRA-RED RADIATION 
OVER THE UNITED STATES 


By Dr. JOHN L. GERGEN and Dr. WILLIAM F. HUCH 


School of Physics, University of Minnesota 


TNURING the nights of May 26-30, 1959, twenty- 
A SF five United States Weather Bureau stations co- 
operated in a synoptic study of infra-red radiation 
. conditions across the United States. These twenty- 
five stations, each of which has the newer AN/GMD-1 
-= radiosonde telemetry equipment, sent aloft Black 

-Ball flights instead of the regularly scheduled wind 








soundings at 0600 G.m.t. The Black Ball’ is an instru- 
ment which measures, at any height, the total radia- 
tion incident on a roughly spherical surface; the 
quantity actually observed is the temperature, TB, 
of a convection-shielded black absorber. This 
temperature is corrected for the effects of the thermal 
time constant and the residual convection to obtain 
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the radiation temperature, T,, which 1s a measure 
of the total radiation reaching the instrument. 

The experiment was planned to take place on the 
nights of May 26, 27 and 28, 1959, and the radiation 
instruments and modified radiosondes were distributed 
to the participatmg stations before these dates. 
Some difficulty was encountered with faulty battery 
supplies for the radiosondes, however, and not all 
stations were able to launch flights on these scheduled 
dates Hach of the twenty-five participating stations 
reported results from at least one successful flight, 
however, and the experiment must be considered a 
complete success. The results include those for 
which a satellite experrment was previously pero- 
posed. 

There are numerous ways of synthesizing the results 
obtamed. Simce the Black Ball measures the radiation 
temperature, 7, at any level ın the atmosphere, it 
measures at very high levels a temperature which 1s 
related to the total outgoing energy from the Earth 
and:the atmosphere below. This is so because at 
sufficiently high levels the infra-red radiation prop- 
agated downward is completely noghgible, due to 
the extreme tenuousness of the atmosphero still 
overhead. Ata sufficiently high level, if the outgoing 
power per.unit area, dP/dA, 18 expressed as a function 
of an equivalent temperature of upward propagated 
radiation, T t, then the radiation temperature at 
this lewel is given by : 


dP/dA = oT t* = 20T, (1) 


so the power-loss per unit area by the Earth to space 
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can be readily determimed from the observed high- 
level radiation temperatures. 

In practice, at temperate latitudes, the radiation 
temperature is observed to remain constant with 
increasing altitude above about 100 mb., or 15° km. 
From the results obtained at the stations the flights 
of which reached high altitudes it ıs possible to draw 
isopleths of constant power per umt area lost to space 
by the Earth and the atmosphere below, as a function 
of geography. Plots of fhis kind for the three nights 
of the experiment are shown in Figs. 1, 2 and 3. 
The power-loss to space varies from 15 6 to 26-6 
MW /cm.? over regions which are small compared” t 
the extent of the United States. : 

Several conclusions are immediately apparent from 
the observed results : 

(1) Clouds have an overwhelming effect on the 
propagation of infra-red radiation through the 
atmosphere. The observed power-loss to space is not 
obviously dependent on the total atmospheric 
moisture or on the latitude, only weakly dependent 
on weather systems, and strongly dependent on cloud 
cover. 

(2) The variation in power-loss to space over & 
relatively small geographical region on any one night 
is at least as large as the variation in the mean 
power-loss to space from equator to poles; the 
same 1s true for any one location, comparing conditions 
from one night to the next. 

(8) Since infra-red radiation is the only mechanism 
by which the Earth can lose to space the energy it: 
gains from the solar illumination, the observed power- 
loss to space, which veries by a factor of 2 over 





Fig. 1, 


Isopleths of constant power-loss to space per unit mea (ALW./om.*) observed over the United States on May 26, 1059 


» 





23 = 
i“ ee oe 
P v = = 
hS 


28 MAY 1959 AS 


N : À. Na 
` IIR No 


Fig. 3. Isopleths of constant power-loss to space per unit area AAC. jem.*) observed over.the United States on May 28, 1959 
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very small distances, must significantly affect the 
formation and propagation of weather systems. 

The radiation ‘lows’ which are observed are found 
to be due mainly (perhaps exclusively) to clouds 
existing at high levels, 300-150 mb. These clouds, in 
some cases, are associated with the weakest cloud 
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patterns observed by the standard synoptic network ; 
in most cases, it 1s impossible even to track the 
movement of these cloud patterns from the surface 
reports. 

During the three days covering the experiment, a 
weak front and trough separated the drier air over the 
south-western. United States from that in the eastern 
part of the country. The difference in total atmo- 
spheric moisture does not appear to affect the observed 
radiation pattern at all significantly. 

The mean winter-time power-loss to space, ex- 
pressed in terms of the observed Igh-level radiation 
temperatures, is shown as a function of latitude in 
Fig. 4. The points shown are from results obtained at 
Taguac, Guam (13° N.), Holloman Air Force Base, 
New Mexico (33° N.), and Minneapolis, Minnesota 
(45° N.), in January, and McMurdo Sound, Antarctica 
(77° 8.), m July. Each point represents an average 
of at least eight soundings. This number has been 
found to give a good average because of the large 
fluctuations of the high-level radiation temperature 
from day to day at any one location. The mean 
power-loss to space from these results varies from 
15-6 to 26-2 MW./cm.* in going from the equator to a 
pole, a smaller variation than is observed on any one 
night across the United States. If one grants that 
the net radiation unbalance over latitude is responsible 
for the generation of weather systems and air motions, 
it must follow that the large radiation differences 
shown in Figs. 1, 2 and 3, occurring over small geo- 
graphical regions, play an important part in control- 
lng and modifying the weather systems existing 
there, 

One further conclusion might immediately be drawn 
from the observations: the very nominal cost of 
flying the Black Ball as a standard synoptic instru- 
ment would be repaid many times over in detailed 
fundamental knowledge of the Earth’s heat balance. 


1 Gergen, John L., Rev. Sci. Insiz., 27, 453 (1956). 


NEW CLATHRATE COMPOUNDS OF THE INERT 
GASES 


By J. G. WALLER 
British Oxygen Research and Development, Ltd., London, $.W.19 


NUMBER of authors have claimed to have 

produced compounds of the inert gases. Thus, 
Crooke in 1906 postulated a reaction between molten 
zinc and helium gasi. Between 1927 and 1940 
Damienovich published a large number of papers 
relating to compounds between inert gases and 
metals’. He claimed these compounds were formed 
when a glow discharge was struck between metal 
electrodes ın an atmosphere of the inert gas at low 
pressure. Solid deposits were said to form around 
the electrodes, and these deposits were claimed to be 
compounds between the gas and the metal of the 
electrode. Boomer also claims to have formed 
a “tungsten helide” in the same way’. 

These processes for producing stable compounds 
of the inert gases have been re-examined. Discharges 
were between. platinum or tungsten electrodes 
at about 5,000 V. in helhum or argon, but no solid 
deposits containing appreciable amounts of the gases 


wore obtained, although considerable sputtering of 
the metal of the electrodes occurred and some 
occlusion of gas could have taken place. Some 
experiments were conducted in which one electrode 
was @ platinum gauze, with a third electrode just 
behind it. This third electrode was a coil of tungsten 
wire that could be heated. It was thought that inert-. 
gas ions might be accelerated towards the gauze 
electrode, pass through it and form a compound on 
impact with the tungsten, either when hot or4vhén 
cold. Agam, no compounds were observed. ~ 
Other compounds have been claimed to exist 
between argon and boron trifluoride‘. The evidence 
for their existence came from small differences in the 
freezing point of argon~boron trifluoride mixtures of 
different compositions. These differences in freezing 
point were small and were probably due to experi- 
mental errors. Later, other workers were unable to 
find any evidence for compound formation, under 
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identical conditions, between boron trifluoride and 
argon, krypton or xenon, or between xenon and 
trimethylboron, sulphur dioxide, hydrogen sulphide, 
ether or methanol!. 

Various other chemical compounds have been 
claimed from time to time but none hag been sub- 
stantiated, and it may be concluded that the inert 
gases are truly inert. However, one class of com- 
pounds of the inert gases does exist, although 
they can scarcely be calldd chemical compounds 
since the electrons of the inert gas atoms are not 
involved in the binding forces which are responsible 
for their existence. These are the clathrate com- 
pounds. 

The name ‘clathrate’ was coined by Powell to 
describe the compounds between quinol and inert 
gases in which the inert gas atoms fill cavities in the 
crystal lattice of the quinol®. They are therefore a 
solution of gas in the solid matrix. A review of much 
of the work on clathrate compounds has recently 
been published’. Such compounds are formed 
by argon, krypton and xenon ag well as by other 
gases, when quino] is crystallized very slowly from a 
suitable solvent under an atmosphere of the gas at an 
elevated pressure. Stable solids are obtained that, 
on warming, evolve the gas. Recently, use has been 
made of these compounds as a means of handling a 
radioactive isotope of krypton (krypton-865)°. 

The hydrates of argon, krypton and xenon were 
prepared soon after the gases themselves had been 
isolated. The original work was published by 
Villard ın. 1896 * and later confirmed by de Forcrand?®. 
These workers showed that the inert gas hydrates 
conformed with hydrates of other gases in having a 
formula X.5:75H,O. More recent work by von Stackel- 
berg has shown that the gas hydrates are, in fact, 
clathrate compounds'!-"*, Hydrates of krypton and 
xenon with heavy water have been prepared”. 

While the simple hydrates of the mert gases are 
known, little has been published on ther double 
hydrates. This article describes some of these 
compounds. 

Hydrates were made under elevated pressure in & 
stainless steel vessel or at atmospheric pressure in 


The high-pressure vessel was provided with a tube 
through which gas can be admitted under pressure 
and a side valve in the head of the vessel. By allowing 
gas to escape slowly from the side valve and maintain- 
ing the pressure in the vessel, gas was bubbled through 
the liquid in the vessel, thereby causing some agita- 
tion. 

Argon at pressures up to 120 atm. was taken directly 
from a cylinder supply. For higher pressures ıt was 
fed into a 4,000 atm. compressor of the mercury 
piston type manufactured by Hart. Krypton and 
xenon were used at pressures up to 10 atm. from a 
cylinder supply and for higher pressures they were 
compressed m the Hart compressor. 

Double hydrates were prepared using acetone, 
methylene dichloride, chloroform or carbon tetra- 
chloride as the third component. After it had been 
shown that the compounds obtained were of the type 
described by von Stackelberg", having a formula 
A.2B.17TH,0 where A is the organic component and 
B the inert gas atom, lquid mixtures were used 
having the composition of 1 mole solvent to 17 moles 
water. Preparation of the acetone compounds was 
carried out by cooling in a bath at about — 30° C., 
while the other compounds were prepared in a cooling 
bath at between —5° and —10° ©. To maintain a 
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TEMPERATURAS AT WHICH DECOMPOSITION PRESSURE IS 
ÖNN ATMOSPHERE (° 0.) 


Table 1. 





fme suspension of the halogenated methanes, about 
0-01 per cent of sodium dodecylbenzene sulphonate 
was added to the water. The argon compounds were 
prepared at pressures between 200 and 400 atm., 
the krypton compounds at about 30 atm. and the 
xenon compounds at atmospheric pressure. 

The relative stabilities of the hydrates were de- 
termined by measuring the temperatures at which 
their dissociation pressures were one atmosphere 
(Table 1). 

It will be seen from Table 1 that the stability 
increases from argon to krypton to xenon and for the 
third component in the co acetone (least 
stable), methylene dichloride, chloroform, carbon 
tetrachloride (most stable). 

The xenon compounds were sufficiently stable to 
be formed simply by bubbling the gas through the 
appropriate solvent mixture cooled to 0° C. All the 
krypton compounds, except the acetone compound, 
could be obtained in the same way. However, the 
amount of gas taken up by the hydrates formed at 
atmospheric pressure was low and was usually less 
than 20 per cent of the theoretical amount. At 
higher pressures the gas content rose to about 100 
per cent of the theoretical value. 

In addition to the inert gas compounds, double 
hydrates of oxygen and of nitrogen with acetone and 
of nitrogen with carbon tetrachloride were prepared, 
but no reliable data on these compounds were 
obtained. 

A number of other organic liquids were examined. 
Of these, n-butyl alcohol, methyl ethyl ketone, di- 
methylamine and ethylamine appeared to give double 
hydrates, none of them as stable even as the acetone 
compounds. Methyl, ethyl and propyl alcohols, 
glycol, glycerol, formaldehyde, acetic acid, ammonia, 
methylamine, hydrazine, hydroxylamine hydro- 
chioride and chloral hydrate gave no evidence of 
double hydrate formation. 

Attempts to make hydrates with benzene were 
also unsuccessful. This was a little surprising, since, 
according to the date grven by von Stackelberg, the 
benzene molecule appears to fit the large cavities in 
the double hydrate lattice exactly". Von Stackelberg’ 
mentions a double hydrate of benzene and hydrogen 
sulphide. 

The crystallographic structure of some of the inert 
gas compounds was examined. The results showed 
the presence of a ‘complex cubic hydrate, in agree- 
ment with the formula proposed by von Stackelberg, 
that is, one molecule of organic compound, two 
inert gas atoms and seventeen water molecules. The 
best pattern was obtained for the argon—acetone 
compound, which gave a cell dimension, a = 17-34 Å. 
This value is close to those for hydrates of type I 
reported by von Stackelberg!*. All the other com- 
pounds showed patterns for both ice and hydrate in 
varying proportions. Generally, the cell dimensions 
were in the range 17-3-17-5 A. 

The double hydrates of the inert gases have not 
been reported before. Most of the work on double 
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hydrates has been concerned with hydrogen sulphide 
as the -gas. Carbon tetrachloride, chloroform and 
methylene dichloride have been used by earlier 
workers as double hydrate formers, but acetone has 
not been reported. 

Von Stackelberg suggested criteria for the properties 
of organic compounds that are capable of hydrate 
formation!*. In particular, they should not have 
strong van der Waals forces and, consequently, their 
boiling points should be less than 60°C.; further- 
more, they should not exhibit strong "hydrogen 
bonding and therefore should generally be insoluble 
in water. Acetone, of course, has a fairly low boiling 
point (56° C.) but 1t is soluble in water. Recently, von 
Stackelberg has described hydrates of water-soluble 
ethers, such as dimethyl ether and ethylene oxide?*, 
He ascribed the solubility of these ethers in water to 
effects not associated with hydrogen bonding and 
therefore suggests thet they filt in with his criteria 
for hydrate-forming molecules. However, Gordy’s 
work on hydrogen bonding indicated that the ethers 
do exhibit some hydrogen bonding’*-"*, The proton- 
attracting power of acetone is, according to Gordy, 
about the same as that of dioxane, a cyclic ether, and 
leas than that for diethyl ether. All show smaller 
proton-attracting power than the alcohols. It 
therefore seems that acetone can be classed with 
the ethers as an organic molecule that does not 
produc8 strong hydrogen bonds with water. 

In conclusion, it may be said that a new series 
of double hydrates of the inert gases with acetone 
has been . These compounds are of the 
same form as the double hydrates of chloroform 
or carbon tetrachloride with hydrogen sulphide. 
The inert gases also form double hydrates with 
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carbon tetrachloride, chloroform and methylene di- 
chloride. 

I wish to acknowledge the assistance of Mr. D. 
Clark of the Royal Aircraft Establishment, Farn- 
borough, Hants, in carrying out the crystallographic 
identification of the double hydrates. 

Thanks are due to the directors of British Oxygen 
Research and Development, Ltd., for permission to 
publish this work. Š 
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INTRASPECIFIC DIFFERENTIATION: BIOLOGICAL AND 
SOCIAL ASPECTS 


By Dr. MAX PETTERSSON 
Brunel College of Technology, London, W.3 


IR JAMES GRAY has recently reminded us that 

it is quite ‘proper’ to seek rational pathways 

through palæontology to arohæology and history ; 

through sociological as well as biological evolution? ; 

and it seems useful, in this connexion, to review 

-the progressive differentiation among individuals of 
the same species. 

Thus (1) slight ontogenetic differentiation will 
have occurred very early, between older and 
younger individuals. (2) Recombination, etc., 
gives genotypic differentiation among individuals 
of the same age. (3) Incipient speciation is also 
intraspecific ; but not, of course, the follow-through 
of full speciation and adaptive radiation. (4) The 
individual of the diploid phase became different 
from that of the haploid; and it is fascinating that 
in several independent cases it was usually the 
diploid which then forged ahead, presumably due to 
the greater variability of its larger gene comple- 
ment. (Within the multicellular individual, the 
differentiation among cells is well known; and most 
motile animals of more than 1 mm. 3—or more than 
one million cells—eare now internally administered 
by a nervous system including some Wind of ‘brain’.) 


(5) Perhaps several times independently, anisogamy 
and oogamy arose, being a differentiation in function 
ral structure among ‘individuals’ of the haploid 
p f 

Our own ancestors had already accumulated all 
the above forms of differentiation by 500 million 
years ago. Possibly by then, or not long after, they 
also became (6) dicecious, as opposed to hermaphro- 
dite, with the haploid dimorphism thrusting back 
round the life-cycle to affect the diploid stage as well. 
(The ‘incompatibility’ of many modern plants is a 
kindred extension of No. 5.) (7) Hither before or 
after dicecy, ontogenetic differentiation often becomes 
much pronounced: as in cestode, insect, amphibian 
and mammal. 

The more successful among the larger land animals 
and plants of the past 100 million years—the mam- 
mals, birds and seed plante—have better developed 

‘care of young’. So have some Hymenoptera; and 
Andrena, Osmia and Megachile, for example, as well 
as Halictus, Bombus and Apts. One kind or other 
of this benign activity, on the part of the diploid 
parent, thrusts forward round the life-cycle to en- 
compass both the haploid phase and the younger 
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stages of the next diploid individual as well. With 
diecy, this commonly involves (8) a pronounced 
part-time differentiation of function between adult 
female and male. While exceptions are known, it is 
predominantly the egg-bearing adult which develops 
these benign parental activities which seem to be at 
the root of all fully developed social life*. It is now- 
adays clear that young birds and mammals learn 
some of them behaviour after birth, as cultural 
tradition. Thus in mamma, in any event, ıt is not 
uncommon for (9) the mother to be further differ- 
entiated functionally as providing the rudiments of 
the young’s informal education and moral training?. 

Withm the past million years, our ancestors have 
experienced several further types of differentiation 
as among the individuals of the same species, though 
two of these types arose in the Hymenoptera long 
before. Perhaps long after the first toolmaking, man 
experienced for the first time (10) a full-time differ- 
entiation of function between adult males and females. 
In surviving societies in the food-gathering stage, 
there is commonly a pronounced differentiation of 
this kind. For example, the larger game animals are 
hunted by men only; and certam domestic skills 
are practised by women only. This occupational 
differentuation between men and women may have 
been standard custom throughout post-glacial times, 
and for long before. It also occurs in some hymen- 
optera?. Some of these have domesticated certain 
animals and plants for food. Homo saptens did, 
too, much later; but the effect of this on the social 
life of man‘ has been more profound than on any 
hymenopteran. 

Some wasps, bees and ants achieved societies large 
enough to evoke (11) full-time occupational differ- 
entiation between mdividuals of the same sex. 
Indeed such intrasexual differentiation occurs in 
societies of Halictus malachurus, where the number 
of adult females is as low as about a dozen, though 
total individuals are greater. But in man, such full- 
time intrasexual specialization 1s not attested until 
much larger societies developed. Man achieved com- 
munities large enough for this change only after the 
inception of domestication, of agriculture. Thus in 
the ancient ‘cities’, full-time prests, kings and 
ascribes arose as admunistrators—compare nerve cells 
arising in multicellular organisms—while other full- 
time male specialists who became differentiated in- 
cluded smiths, potters and merchants. The original 
threshold value of settlement size, for this differentia- 
tion. to become conspicuous, seems to have been about 
10 hectares, or 10* square metres, as during the 
Fourth Millenium 8.0. in Halafian Iraq and Amratian 
Egypt*. The population of such settlements was 
something lke 103°. Much later, and apparently 
by independent and parallel social evolution, the 
same occupational differentiation among members of 
one sex took place in the New World too. It occurred 
in Peru in the First Millenium 8.c., perhaps earlier 
than the Moche culture’. In man, there now soon 
arose (12) marked economic differentiation within 
one region. Thus in Third Millenium theocratic 
Egypt, the ratio of net equivalent income for 
sovereign and labourer was apparently sometimes 
about 105:1; while it is only a little greater than 
10°: 1 in the United Kingdom to-day. Simuarly, 
there arose (13) an intensified differentiation between 
richer and poorer regions. Compare Sumer and 
Greece in the Third Millenium s8.c.; Greece and 
Britain in the First Millenium »B.0. ; and Britain and 
India since 1760 °. 
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With our increasmg mastery of the environment, 
in recent centuries, (14) the number of different 
specialist occupations has agai meoereased tremend- 
ously. But especially since 1870, two further forms 
of differentiation among human individuals may be 
discerned. While the child is still mamly left to the 
benign attentions of its mother, and father, for several 
years after weaning, it 18 then given ten years formal 
education by parent-substitutes. This is a further 
thrusting forward of parent-like activity, round the 
life-cycle. It proceeds at least to the age of 15 
(United Kingdom); indeed to beyond the time when 
the scholar has become a sexually mature individual. 
Thus (15) in England and Wales to-day, nearly 2 per 
cent of gamfully employed persons have become 
differentiated ın this manner, having becgme dedı- 
cated to the profession of education. As a consequence 
of this development of education, a further kind 
of differentiation can become much more intens- 
ified, (16) a social differentiation based on real 
differences in ability ; which could greatly- intensify 
the existing occupational and economic differentia- 
tion. re 
Most biological differentiations in man (Nos 1, 2 
and 4-8, above) are fixed or very firmly rooted. 
But when considering the development of society m 
the next few centuries, the sociological differentiations 
(Nos. 9-16), besides No. 3, are clearly to some extent 
capable of adjustment. The sociologist, aftes much 
more research, will need to consider which, among 
various attainable conditions, promotes greater social 
health besides mere survival. One cannot with 
certainty anticipate such findings. But ıt may be 
noted that in recent centuries some sociological 
de-differentiation® has in fact occurred. Thus (3), the 
incipient speciation of H. sapiens, due to reproductive 
isolation of populations in different regions, has been 
arrested and reversed; also (10) men and women 
are now very much less occupationally segregated ; 
(lla) persons of different occupations now have 
much early education m common; indeed (11b) 
modern science itself was developed by persons who 
combined the abilities of craftsman and scribe ; 
(12a) in many countries the mstitutions of slavery 
and feudal serfdom have disappeared, that is to say, 
the economic differentiation between ‘free’ and 
‘un-free’ has lapsed; and (126) the economic ratio 
between. richest and poorest seems, in some advanced 
countries, now actually sometimes less than ‚m 
ancient times. 

Zoologically, man is often regarded as a relatively 
unspecialized animal—-without horns, hooves or large 
canine teeth—and this is regarded as a factor con- 
tributing to his success. Some species of animal 
have become too specialized to survive environmental 
change, or to evolve further. Does the condition of 
less rigid or extreme differentiation among indi- 
viduals in society correspond, in this respect, to being 
Jess specialized ? 


1 Gray, J, Adranc. Sci , 16, 3 (1969). 
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OBITUARIES 


Sir David Pye, C.B., F.R.S. 


Tum death of Sir David Pye, on February 22, at the 
age of seventy-three, at his home in Surrey, caused a 
deep sense of personal loss to his many friends and 
colleagues in university and government circles. He 
wore his eminence in science and engineering with a 
modesty and tolerance which engaged the warm 
affection of those who had the privilege of working 
with him. He was a scientist engineer who devoted 
much of his working life to the thermodynamics of 
the internal combustion engine and ita design and 
construction. His wide knowledge and experience 
found their expression in ‘The Internal Combustion 
Engine”, the standard English text-book and work 
of reference on the subject. 

His heart was in university life. Educated at 
Tonbridge School and Trinity College, Cambridge, 
he began his career m 1909 as a lecturer in engineering 
at Oxford, and Fellow of New College, and ended it as 
Provost of University College, London, in 1951. He 
faced adverse circumstances and overcame formidable 
difficulties in both universities. 

At Oxford, in the first decade of the century, 
enginfering was fighting for its existence. Pye 
illuminated the scene in the course of his presidential 
address in 1952 to the Institution of Mechanical 
Enginsers: “. . . There was one college where, for 
four years no student ever dared to riek the wrath of 
the Master, that was known to be impending for 
anyone who might be so rash as to suggest that he 
wished to take a degree in engineering science. Then, 
in 1913, we were astonished to receive a registration 
from the college in question. Vain jubilation! The 
wrath from heaven in the shape of the Master of the 
college, magnificent m full academic robes, was next 
morning at the doors of the engineering laboratory, 
demanding that his erring lamb should return to the 
classical fold. We never saw our potential student 
a m”, 

“Ono can almost see the quizzical look on Pye’s face. 
He could not have been altogether surprised. Angor 
never came easily to him, but he must have resolved 
then and there to hang on. Throughout his life his 
invariable courtesy and reasonableness concealed a 
strong tenacity of purpose. Oxford engineers have 
good reason to be grateful to him. 

The difficulties he faced at University College (the 
first institution in Great Britain to appoint a professor 
In engineering) were of an altogether different kind. 
He became Provost in 1943 of a bombed and dispersed 
College. It existed more in ore than in fact, and 
when the War ended, the problem of satisfying the 
multitude of new and returning students called for a 
miracle. There was no miracle. There was only the 
diligent, steady, painstaking day-to-day effort of 
David Pye, tolerant as ever with those who wanted 
more than was humanly possible, and stimulating to 
those who were ready to share the real work. Before 
his period of office came to an end, the College had 
more than re-established itself as a great centre of 
learning and research. His anxieties were at times 
overwhelming, but his labours must, in the end, have 
given him a deep satisfaction. 

Pye left Oxford in 1914 at the outbreak of war to 
become an experimental officer in the Royal Flymg 


Corps. The then professor of engineering at Cam- 
bridge, Bertram Hopkinson, soon picked him out, 
and on demobilization in 1919 he went to Cam- 
bridge as Fellow of Trinity College and lecturer in 
engineering. There followed a most fruitful six years 
of teaching and research on volatile fuels pursued, 
largely during vacations, in collaboration with the 
late Sir Henry Tizard and 8m Harry Ricardo at his 
works at Shoreham. 

His career in the Scientific Civil Service began in 
1925 as deputy director of scientific research m the 
Air Ministry at the invitation of Mr. H. E. Wimperis, 
the first director. Wimperis and Pye laid the founda- 
tions of a vigorous and lively research department 
which was to prove its worth im the critical years 
ahead. The shadow of war was lengthening when 
Pye succeeded to the directorship in 1937, and again 
he faced a period of difficulty and anxiety. Air 
warfare and air defence loomed large in strategic 
importance, embracing many fields of science and 
engineering. New weapons, devices and equipment 
found their way into the Royal Air Force, and when 
Pye retired in 1943 he had carried the burden of the 
day, and what he set out to do was largely accom- 
plished. 

Pye dishked damping enthusiasms in others. His 
imagination gave him a real flair for uncovering other 
peoples’ talents, and much of his life was spent in 
contriving circumstances favourable to their develop- 
ment. His interests and activities were wide, ranging 
from enthusiasm for mountaineering and rock 
climbing, to the love of music and musicians. Many 
young professionals and amateurs owe much to his 
warm encouragement. 

He married in 1926 the daughter of C. Moore 
Kennedy, Virginia Frances, who nursed and com- 
forted him throughout the long illness at the end of 
his life. Our sympathies go out to her, and to her two 
sons and daughter. BEN LOORESPEISER 


Prof. B. Gutenberg 


Wirra the death of Beno Gutenberg on January 25, 
seismology loses an outstanding figure. Throughout 
an academic career of noarly half a century he mamn- 
tained an astonishingly large output of high-grade 
papers covering the whole range of seismology, 
especially in connexion with the propagation of 
seismic waves through the interior of the Earth. 
Indeed, it was truly remarked by Prof. Perry Byerly 
on the occasion of the presentation to Gutenberg of 
the Bowie Medal of the American Geophysical Union: . 
“It is rare that anyone writes a paper in seismology 
without referring to him”. Of his many achievements 
perhaps his most celebrated was the caleulation in 
1912 of the radius of the so-called liquid core of the 
Earth, usually referred to as the Oldham~—Gutenberg 
core, the existence of which had been inferred by 
R. D. Oldham in 1906 ; considering the roughness of 
the existing data and the tentative methods then 
available this stands out as a veritable tour de force, 
and calculations by Jeffreys with a large body of 
precise data, embodying reflexions from the core 
that were not known when Gutenberg began hi 
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researches, have shown that only a trifling correction 
is needed to Gutenberg’s early result. It is somewhat 
invidious to attempt to single out any one topic from 
the vast array of xe RE on which he worked ın later 
years, but mention should be made of the important 
impact produced on geological and geophysical science 
by the long series of studies, made jointly with C. F. 
Richter, of the magnitude and distribution of earth- 
quakes, a work that has given an enormous impetus 
to the study of the seismicity of the Earth. 

Beno Gutenberg was born in Darmstadt on June 4, 
1889. His training at the University of Gottingen 
afforded him the best possible ground-work at that 
time in the young science of seismology. Already 
well equipped with a wide and deep pre-university 
education, he attended mathematical lectures by 
Hilbert, Klein, Minkowski, Landau, Born, Wiechert 
and Weyl. In geophysics he worked on microseisms 
under Wiechert, who indeed covered in his lectures a 
wide range of geophysical studies. Jomtly with 
Geiger, Gutenberg developed the Zoppritz method of 
using the amplitudes of seismic waves to study the 
internal structure of the Earth, and received his 
Ph.D. degres in 191] at the age of twenty-two. After 
a further year of advanced study, during which he 
completed his paper on the Earth’s core, and a year 
in the Army, Gutenberg was appointed assistant at 
the International Seismological Central Station at 
Strasbourg, which at that time was in Germany. In 
1924 he became director of the Feldberg (Taunus) 
Seismic Observatory of the University of Frankfurt, 
at which University he later became a professor. 
During these years, in addition to the heavy load of 
observation, writing and teaching, he directed the 
family busmess inherited from his father. 

In 1931 he was appointed professor of geophysics 
and meteorology in the California Institute of Tech- 
nology, Pasadena ; here he played a notable part in 
the development of the Seismological Laboratory, of 
which he was director from 1947 until his retirement 
in 1957. 

In later years honours fell thick upon him, 
both from European and from American academies. 
During 1951-54 he was president of the Inter- 
national Association of Seismology and Physics of the 
Earth’s Interior. 

Gutenberg was a kindly man, ever ready to help a 
fellow scientist and to indulge in a scientific téte-d-téte, 
and his accurate and retentive memory made him a 
pleasant and interesting companion. Visitors to 
Pasadena received a warm and hospitable welcome 
from Prof. and Mrs. Gutenberg ; theirs was indeed a 
happy and cultured home. Gutenberg had a large 
collection of records of classical music, and those 
visitors who shared his taste appreciated the privilege 
of the musical intimacy that he so freely extended. 
To the last his powers of original work remained 
unimpaired ; seismologists will mourn the loss not 
only of a great man but also of a valued friend. 

R. Srone ney 


Dr. Otto Schindler 


Dr. Orro Somtmoier, who died suddenly on 
September 4 at Poitiers, while on a collecting expedi- 
tion, had come to occupy & leading position among the 
small band of European ichthyologists. 

He was born on December 1, 1906, and spent his 
childhood in Vienna and the Sudetenland. During 
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1925-30 he studied in Vienna under Versluys and - 
gained his doctorate in 1930 with a thesis on fishery 
biology. For a short time he worked in the Vienna 
Museum; but the greater part of his mature work 
was done at the Zoologische Staatssammlung at 
Munich, where he attained the rank of Oberkonservator. 

At Vienna it fell to his lot to describe two species of 
small fishes collected by Dr. V. Pietschmann over 
Hawaiian. reefs. Although no more than a couple of 
centimetres long and showing many larval characters, 
these fishes included ripe males and females. Dr. 
Schindler directed attention to their pedogenetic 
characters, but placed them in the genus Hemirham- 
phus. When later Giltay found one in New Guinea 
waters he formed other views on their relationships 
and. created a genus Schtndleria and family Schindleri- 
idae for them. More recently, Gosline (1959) made 
of them a distinct suborder, relating them tentatively. 
as Giltay did, to the blennies. Schindler himself was 
stimulated by them to make a comparative investiga- 
tion of the kidneys of larval marine fishes, for which 
he paid a special visit to the Plymouth Marine 
Laboratory to collect material. 

Schindler’s other fields of interest were the ecology 
of the freshwater fishes of the Austrian and Bavarian 
lakes and the fish-fauna of South America. He took 
part in two expeditions to the latter continent and 
studied the collections of the early expeditions in 
Vienna and London. His field book of German 
freshwater fishes, ‘Unserer Stisswasserfische™® (1953 
and 1959), was translated into English and edited in 
1957 by Dr. P. A. Orkin. 

Asa result of Dr. Schindler’s initiative and organiza- 
tion the German ichthyologists produced a quarterly 
“Ichthyologischer Schriftennachweis”, a classified 
list of titles, by which they helped each other to keep 
abreast of current ichthyological publications. With- 
out his leadership this and much else in German 
ichthyology come to an end. All who knew him 
miss & valued colleague and friend. Frau Dr. 
Schindler, a scholar in another field, ıs left to mourn 
him with their daughter and two sons, the eldest 
just of university age. E. TREWAVAS 
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Dr. L. O. Kunkel 


Lovis Orro Kuwnxrat, faculty member of the 
Rockefeller Institute during 1931—49, was actively 
conducting scientific research in the field of plant 
pathology at the Institute up to the time of his death 
on his farm at Newtown, Pa., on March 20. 

Dr. Kiumkel established the Division of Plant 
Pathology at the former Princeton, New Jersey, 
branch of the Rockefeller Institute in 1931 and 
influenced significantly the growth of knowledge 
concerning the relationship of viruses to plant 
diseases. Bringing to his research theoretical know- 
ledge and practical experience in the United States 
and Hawai, he conducted research which shed new 
light on the nature of the virus and also led to new 
understanding of disease in peaches and other fruits, 
cranberries, maize and carrots. 

Dr. Kunkel helped to foster the work of his asso- 
ciate, Dr. Wendell M. Stanley, who, in conjunction 
with Dr. John H. Northrop, shared the Nobel Prize 
in chemistry in 1946 for crystallizing the tobacco 
mosaic virus. Dr. Kunkel, in administering his 
laboratory, gave his Junior associates a free hand in 
investigating the cause, transmission, pathology, 
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treatment and prevention of a number of plant virus 
diseases of great economic importance and theoretical 
interest. 

It was shown for the first time in his laboratory 
that several different yellows-type diseases (such as 
the virus disease of asters known as ‘yellows’) could 
be cured by heat-treating the plants in which they 
occur naturally or to which they may be transferred. 
Various virus diseases of the peach were cured in this 
manner 4s well as some virus diseases in cranberry, 
periwinkle, and the potato. 

Dr. Kunkel and his associates discovered the 
transmission ability of leafhoppers m spreading virus 
disease, the ability to kill such infective activity by 
heat treatment, and the restoration of the infective 
ability to the insect. He charted out carefully the 
infective ability of various virus strains of such 
diseases as the tobacco mosaic virus or yellows-type, 
and demonstrated for the first time how a leafhopper 
infective for one strain was unable to pick up and 
tranamit the other. He showed how a parasitic plant, 
the dodder, can transmit virus diseases from woody 
plants to herbaceous plants in which they are more 
easily studied. He also demonstrated that peach 
yellows, one of the oldest and best-known plant 
diseases, is transmitted by a leafhopper of a certain 
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species. He demonstrated the same kind of trans- 
mitting factor for corn stunt, a yellows-type virus 
disease of maize. 

Born in Mexico, Missouri, on May 7, 1884, Dr. 
Kunkel received the bachelor’s and master’s degrees 
from the University of Missouri, and the Ph.D. degree 
from Columbia University m 1914. He held a 
travelling fellowship in Europe, served as a pathol- 
ogist in the Bureau of Plant Industry, U.S. Depart- 
ment of Agriculture, arid started to study the virus 
diseases of plants. 

Working with the Hawauan Bugar Planters 
Association, he served as associate pathologist to 
study the problems of mosaic disease of sugar cane. 
He then became a staff member of the Boyce Thomp- 
son Institute in Yonkers, New York, in 1923 and 
gathered around him a group of young men trained 
in several fields of scientific investigation. At the 
Boyce Thompson Institute, Dr. Kunkel made 
important contributions to our knowledge of the 
mosaic diseases of tobacco, sugar cane and Indian 
corn as well as asters yellows. 

He was a member of several scientific societies 
including the National Academy of Sciences, the 
Botanical Society of America and the American 
Philosophical Society. 


l NEWS and VIEWS 


New Foreign Members of the Royal Soclety 


Tam following have been elected foreign members 
of the Royal Society : Prof. QG. W. Beadle, chairman 
of the Division of Biology, California Institute of 
Technology, Pasadena, Californie, distinguished for his 
outstanding contributions to genetics ; Prof. Ragnar 
A. Granit, professor of neurophysiology, Kungl. 
Karolnska Mediko-Kirurgiske Institutet, Stockholm, 
distinguished for his researches on the physiology of 
vision and neurophysiology ; Prof. G. B. Kistiakow- 
sky, professor of chemistry, Harvard University, 
Cambridge, Massachusetts, distinguished for his work 
in chemical kinetics of gaseous reactions, photo- 
chemistry, thermochemistry, and structure of poly- 
atomic molecules; Academician L. D. Landau, pro- 
fessor of theoretical physics, 8. I. Vavilov Institute 
of Phymecal Problems, Moscow, U.S.S.R., distin- 
guished for his contributions to theoretical physics. 


The Zoological Society of London: Nuffield Insti- 


tute of Comparative Medicine 


Tse Nuffield Foundation has made a grant of 
£100,000 to the Zoological Society of London to found 
an Institute of Comparative Medicine, and to provide 
two senior research fellowships. In expressing its 
deep gratitude, the Council of the Society has asked 
that the name of Lord Nuffield be associated with the 
name of the Institute. The Society already has a 
modern animal hospital, and the new Institute will 
provide a much-needed opportunity to increase 
knowledge of disease in animals, and so to maintain 
the health of the Society’s collections at an even higher 
degree of excellence than at present. Much unique 
material from the Society’s collections and elsewhere 
is available for study, and full use can now be made of 
opportunities for research that have not been fully 
exploited in the past owing to the lack of the facilities 
and personnel. A Committee, including Sir Roy 
Cameron, Dr. E. Cotchin, Mr. R. Fiennes, Dr. R. E. 


Glover, Prof. A. Haddow, Prof. R. Hare, Dr. L. 
Herrison Matthews, Mr. J. N. Ritchie, Dr. J. G. 
Smith, Prof. G. Paling Wright and Sir Solly Zucker- 
man, has been appointed to advise the Council on the 
organization of the new Institute, the terms of refer- 
ence of which are to study disease in all its compara- 
tive forms. 

Mr. Richard Llewelyn Davies, director of the 
Nuffield Foundation Division for Architectural 
Studies, and professor elect of architecture in the 
University of London, will design the new building 
in accordance with the over-all plan for the Gardens 
that has been devised by Sir Hugh Casson in collabora- 
tion with Mr. F. A. Stengelhofen, the Society’s 
resident architect. In planning the Institute, it is 
hoped that effect can be given to conclusions drawn 
from an exhaustive study of the laboratory designs 
for which the Nuffield Foundation has been responsible 
over the past few years. 

The new Institute, which it is hoped will be in 
operation in about two years time, is to be bult as 
part of a new block immediately west of the mam 
offices. It will form the central part of the 
block, the east wing of which will provide a new 
mecsting room for the Society. The western wing will 
be added at a later date and will house the Education 
Centre. It is proposed that the Institute itself will 
have a frontage of about 85 ft. and a depth of 50-60 
ft., and will have a basement, ground floor, and two 
upper floors. The foundations will be constructed so 
that an additional floor can be added at a later date 
ifr . The floor ares, including the basement, 
will be about 18,200 sq. ft. Twelve laboratory unita 
each of 300 ft. are planned, with offices, technicians’ 
rooms, photographic rooms, workshops and stores. In 
addition there will be weighing and sterilizing rooms, 
a media kitchen, chromatography, balance and other 
specialized instrument rooms, hot and cold rooms, 
animal accommodation, seminar and common rooms. 
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Agricultural Research Council: Weed Research 


Organization 

Tas Agricultural Research Council is setting up a 
new Weed Research Organization which will assume 
some of the present functions of the Council’s Unit 
of Experimental Agronomy at the University of 
Oxford. The new Organization has been created for 
the purpose of extending the applied research which 
lies between the basic scientific investigations being 
carried out at the Unit and the introduction of new 
methods of weed control in agriculture and horti- 
culture. To provide the facilities required to enable 
the Organization to carry out this work, the Council 
has acquired a farm near Oxford, where a laboratory 
and other buildings are to be provided. The director 
of the new Organization will be Dr. E. K. Woodford, 
who ig at present assistant director, under Prof. G. E. 
Blackman, of the Council’s Unit of Experimental 
Agronomy. The Organization will maintain close 
liaison with the Unit, which will continue its main 
purpose of fundamental research concerning the 
factors which determine the selective action of 
compounds toxic to plants. 


Nuffleld Foundation: Unit for the History of 
Scientific Ideas 


Tae Nuffield Foundation has formed a Unit for 
the History of Scientific Ideas which will produce 
educational films and books under the drrection of 
Prof. Stephen Toulmin, formerly professor of philogo- 
phy in the University of Leeds. A sum of £60,000 
has been allocated for the Unit. The Foundation 
believes that a better public understanding of science 
would be assisted if discussion of the history of 
scientific ideas had a larger part in the educational 
curriculum and in intellectual life generally. A placo 
is being made for the subject at some schools and 
universities ; but there 1s not enough educational 
material available at levels suitable for sixth forms 
and undergraduates. The first aim of the Unit will 
be to produce & basic collection of teaching films and 
text-books for use in sixth forms and introductory 
university courses in, the history and philosophy of 
science. 

Before the Unit was conceived, the Nuffield Founda- 
tion supported the produstion by Prof. Toulmin and 
Miss Goodfield of a colour film “Earth and Sky”, which 
has been well received by educationists. The first 
two films to be made by the Unit are likely to be on 
the theory of matter and evolution, and the Hutchin- 
sou Group are to publish a series of books under the 
general title “The Ancestry of Science” covering the 
same ground as the films. A series of monographs 
at a more advanced level is also to be published, and 
some books with colour illustrations for secondary 
modern schools are also envisaged. 


The Textile Institute 

Ly his presidential address to the Textile Institute 
at its fiftieth annual general meeting at Leicester on 
April 22, the Earl of Derby stressed the value of the 
Institute to the textile industry. This was shown by 
the way in which the Institute’s activities had 
flourished and its membership been maintained in 
a period of reorganization when many mills had 
closed, and it was encouraging to note the mterest 
employers’ organizations were now showing in tech- 
nological education. Management, he said, must be 
prepared to spend both time and money in making 
certain that the right number of young men of the 
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proper outlook are encouraged to enter the industry, 
and trained when in it, or that they would be ready 
to guide the industry in a future when other countries 
have developed technical resources equal to those 
of Britain. This could not be achieved cheaply : 
the industry must be prepared to invest ın men as well 
as in machinery and it was a matter of vital concern 
to the industry that a professional man should keep 
his knowledge up to date and contmbute to the 
development of his technology by playing his full 
part as a member of the Textile Institute. Lord 
Derby referred particularly to the technological work 
undertaken by the Institute, for example, in the 
preparation of standard methods of test for publica- 
tion by the British Standards Institution, in the 
Ingtitute’s own publications such as “Terms and 
Definitions’, its Transactions and it3 Abstracts. 
Appealing for more generous support from the indus- 
try, he suggested that the mcome of the Institute 
could usefully be doubled. 


The Wandering British Sclentist 

In a written answer to a question in the House of 
Commons on March 28 as to what steps were being 
taken to stop the gradual loss of scientific personnel 
from the United Kingdom to the United States, par- 
ticularly in view of the number of scientists who had 
left the Jodrell Bank radiotelescope project, the 
Minister of Education, as representing the Minister 
for Science, said that the general problem of orftigra- 
tion of scientific personnel had been under considera- 
tion for some years by the Advisory Council on 
Scientific Policy. Since 1958 steps taken by the Civil 
Service Commission and the Atomic Energy Authority 
to recruit British scientists in America had met with 
BOMO BUCOOSB. 


Payment of Scientific Civil Services 

State Service of April 1960 contains the annual 
report for 1959 of the Institution of Civil Servants, 
issued in readiness for the annual meeting of the 
Institution at Eastbourne during May 23-25. The 
year was marked by a 3:5 per cent pay supple- 
ment on salaries up to £2,000, the Coleraine Com- 
mittee’s recommendations for the higher Civil Service 
and their acceptance by the Government, and a 
10 per cent morease m night subsistence allowance 
with the commencement of a review of all subsistence 
arrangements. ‘The report regrets the apparent down- 
ward trend of the status of professional scientific and 
technical officers in the Atomic Energy Authority, 
also some steps which might indicate an intention to 
minimize the role of the Department of Scientific and 
Industrial Research ın scientific research. The 
Government’s attitude to salaries in general is 
criticized, as is the continued refusal to make any 
move towards counting unestabhshed service in full 
for superannuation purposes. The membership of 
the Institution on December 31, 1959, is given as 
51,632, and the issue notes that the present general 
secretary will be retiring after the 1961 Conference. 
Reference is also made to the possibility that tech- 
nieal Civil Servants may take a day off simultaneously 
in view of their growing impatience at handling pay 
requests. 


Apprenticeship Training In Britain 

Ix reply to a question in the House of Commons on 
Apri 11, the Minister of Labour, Mr. E. Heath, said 
he is proposmg to set up a small number of classes in 
Government training centres to provide first-year 
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apprenticeship training. This training would only be 
given to boys accepted as apprentices by firms, and 
preference would be given to boys from firms which 
had hitherto found it impracticable to undertake 
apprentice training or to increase their present number 
of apprentices. No charge would be made for the 
training provided, but employers participating in the 
scheme would be required to undertake to pay the 
wages of apprentices during the year and to continue 
the boys’ training afterwards under the normal 
industrial arrangements. The usual provision for day 
release would apply during the year. The scheme, he 
said, has been approved as a whole by the British 
Employers’ Confederation and the Trades Union 
Congress, and the establishment of classes in engineer- 
ing has been agreed by employers and trade unions in 
that industry. Mr. Heath said he proposes to extend 
the scheme to other trades and he is already in touch 
with the building industry. 

The first traming places will be available early 
this summer at eight Government training centres, 
and he expects to set up classes at other centres 
later this year, making a total of about 300 train- 
ing places. The scheme will not in itself make a 
large numerical contribution to the expansion of 
training for skilled ocoupations during the ‘bulge’ 
years and is intended primarily to demonstrate 
a of training which should appeal particu- 
larly to the small firms with only limited oppor- 
tunities for undertaking training themselves. In 
reply to further questions, the Minister confirmed that 
the course would be a full-time one for the whole year, 
except for the normal arrangements for day release. 
A leaflet has been prepared for distribution to all firms 
concerned within the range of the Government train- 
ing centres where training is to be given. It is not a 
pre-apprenticeship scheme and is governed by normal 
industrial arrangements. As to expansion, Mr. 
Heath said that the response from the industries 
involved must be considered. The first centres are at 
Aintree, Birmingham, Bristol, Cardiff, Millington 
(Glasgow), Leeds, Letchworth and Long Eaton. A 
similar statement was made in the House of Lords 
on the same day. 


Scientific Information News 

Wrra the second volume, the title of Sctence 
Information News issued by the U.S. National Science 
Foundation is changed to Sctenitfic Informatiton 
Notes, which is regarded as more descriptive of its 
contents. The purpose of the periodical remains 
unchanged, and No. 1, Vol. 2 (February-March 1960), 
includes & note on the work to be undertaken by the 
Association of Special Libraries and Information 
Bureaux in Britain on the comparative efficiency of 
four indexing systems with the aid of a grant from the 
National Science Foundation. The Foundation is 
also making & survey of the publication practices of 
American industrial corporations, including some 200 
of the largest companies undertaking fundamental 
research, and the survey data will be processed and 
analysed by the Foundation’s Office of Special 
Studies. 


Press Publicity for Sclentific and Technical Confer- 
ences 
A oonoisn, well-written ‘‘Guide to Press Arrange- 
ments for Scientific, Medical and Technical Confer- 
ences” has been prepared by the Association of 
British Science Writers, and is bemg distributed by 
the British Association for the Advancement of 
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Science, 18 Adam Sireet, Adelphi, London, W.C.2. 
(Pp. 31, 28.) Edited by Ronald Bedford, the 
pamphlet deals successively with the impact of 
the Press on the public and on busmess; general 
points such as what journalists expect, the func- 
tions of the press officer and the various types 
of conference ; the varied types of press representa- 
tives who may be present, such as the news agency 
reporters, journalists *from the national and the 
evening newspapers, radio and television reporters, 
and the representatives of technical journals, the 
local press, the foreign press and free-lance journalists. 
A section outlining the organization required follows, 
which centres on such details as the equipment of 
press rooms and the arrangement of press conferences 
and briefings. There is a section on press summaries 
and finally some suggestions are collected for the 
guidance of the press officer. 


Manchester Public Libraries 


Tam one hundred and seventh annual report of 
the Manchester Public Libraries Committee, covering 
the year ended March 31, 1959, records a continuing 
increased demand : issues from the lending libraries 
rose to 5,675,301 volumes, from the reference libraries 
to 1,226,183 volumes, and the total book stock is 
now 1,152,827 volumes (pp. 28 + 4 plates. Manches- 
ter: Manchester Public Libraries, 1960). Consider- 
able work was carried out on the Great Hall, the 
Technical Library, the Commercial Library and the 
Central Lending Library but the increased seating + 
in the reference library did little to diminish over- 
crowding. Seating in the Technical Library was 
more than doubled and the number of volumes on 
the open shelves was increased from less than 8,000 to 
more than 25,000, while a lending section was added. 
There was a pronounced increase in information work 
and inquiries, and 459 books were supplied to other 
hbraries, mainly in the north-west of England, and 
128 books were obtained from outside sources. 


Scientific Techniques in the Conservation of 
Paintings 


Is his recent lecture to the Royal Society of Arts 
entitled ‘Scientific Methods in the Care of Works of 
Art”, Mr. F. I. G. Rawlins, recently scientific adviser 
to the Trustees of the National Gallery, reviewed the 
advances that have been made in the application of 
scientific techniques in the conservation of paintings 
during the past twenty-five years. The basic problema, 
from the point of view of the scientist, are largely those 
of chemical physics, because the materials of painting 
are essentially of a colloidal nature, and the process 
of cleaning which involves the diffusion of solvents 
through films is iteelf a lesson in chemical physics. 
The physical techniques discussed were soft X-rays 
(that is to say, at about 10 kV.) which give improved 
results when thin paint-films are being examined, 
and infra-red photography, which may often reveal 
an image of what lies under discoloured varnish. On 
the chemical side, reference was made to improved 
methods for the preparation of paint cross-sections, 
and development in the National Gallery of a special 
reversed-phase system of chromatography as a method 
of analysis for paint media. The importance of 
fundamental research was emphasized. Ag illustra- 
tions of this kind of work, reference was made to 
experiments being carried out to develop picture 
varnishes having æ longer life than the traditional 
varnish based on natural resins, and also the precise 
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action of solvents on paints and varnishes which is 
in principle fundamental to a proper understanding 
of the processes involved in the cleaning of pictures 
and other painted objects. Mr. Rawlins also pointed 
out that international co-operation in this field has 
substantially umproved, as is exemplified by the 
increasing influence and activity of the International 
Council of Museums, the foundation (m 1950) of the 
International Institute for ethe Conservation of 
Historic and Artistic Works, and the recent forma- 
tion of the New International Centre m Rome. 


Fluoridation of Drinking Water 


Tux attitude of different countries to fluoridation 
of water as a means of preventing dental caries has 
been described by Gerald H. Leatherman and J. A. 
Ellis, secretary-general and his assistant, respectively, 
of the Fédération Dentaire Internationale (Health 
Educ. J., 17, No. 3; 1989). Tho majority of health 
authorities throughout the world are in favour of 
fluoridation. They include: Austria, although a few 
State authorities are undecided; Canada; Great 
Britain, where the Government has gone on record 
through the Minister of Health approving fluoridation 
as a proved method of prevention; Greece; the 
East German Democratic Republic; Hong Kong ; 
Republic of Ireland; New Zesland, where the 
Department of Health is campaigning for fluoridation 
and the Minister of Health has publicly stated his 
support of fluoridation, although the Government 
has no pronouncement ether for or against 
the measure ; Norway; Spain; the United States ; 
and Yugoslavia (Republic of Slovenia), where the 
political, as well as health authorities, are financially 
supporting fluoridation and propagating it. 

_In the main, the following countries support 
fluoridation: Australia, Belgium, Czechoslovakia, 
Northern Ireland, Italy, Switzerland, and the Union 
of South Africa. The following countries sre un- 
decided: Denmark, Egypt, Finland, France, Japan, 
Hungary, Netherlands, Sweden. Opposed to fluor- 
idation are the German Federal Republic, where the 
health authorities consider the addition of fluorine 
as dangerous, as fluorine is only harmless in small 
quantities and there exists a possibility of over- 
dosage as a result of human incompetence; Indo- 
nesia, where there are no experts to supervise 
fluoridation of drinking water and insufficient per- 
sonnel to practise fluoridation by the topical appli- 
cation method, while only a few big cities have a 
central water supply ; in Latin America as a whole, 
there appears to be an absence of initiative on the 
part of many health authorities, as well as the absence 
of any movement to stimulate the interest of the 
municipalities. 

Blological Standardization of Drugs 

THe Research Defence Society, 11 Chandos Street, 
Cavendish Square, London, W.1, has issued a new 
pamphlet (No. 10, April 1960, pp. 8) entitled “The 
Use of Laboratory Animals in the Standardization of 
Drugs”. This explains, by means of straightforward 
questions and answers, what is meant by standard- 
ization of drugs, why it is necessary, why animals 
must sometimes be used, and what legal control is 
ımposed in tests of this kind. 


Exhibit of Invertebrate Evolution 

A STRIKING exhibit entitled “These are Inverte- 
brates?” was opened at the Australian Museum in 
July 1959. It is 32 ft. long and 9 ft. high, and shows 


NATURE 


May 7, 1960 vor. 186 


the mam groups of invertebrate animals and their 
relationships to each other traced by a system of 
fluorescent plastic lines and lights which flash in 
sequence, some eight hundred light globes and ultra- 
violet light being used. Labels outline the character- 
istics of each major group and the scientific and 
popular names of the individual species are shown. 
A panel informs the visitor how to use the exhibit. 
Of the total of 215 species displayed, fifty-five are 
paintings and forty-three are models. 


Photoperlodic Response of Some Tropical Plants 


Ir was formerly thought that the small variation 
in day-length in the tropics could have no appreciable 
photoperiodic effect on native plants. This has now 
been refuted by Indian work on rice and other plants. 
E. Njoku of the Department of Botany, University 
College, Ibadan, Nigeria, has tested whether certain 
plants are sensitive to photoperiod when grown at 
Ibadan (latitude 7° 26’ N.) with a day-length varying 
from 11 br. 41 min. in December to 12 hr. 33 min. 
in June (Njoku, E., “The Photoperiodic Response 
of Some Nigerian Plants”, J. West African Set. 
Assoc., 4, No. 2,99; August 1958). The plants used 
fell into two main groups, day-neutral and short-day 
plants. No long-day plants were found. The resulta 

that some plants had a critical day-length 
of less than 12 hr. Others flowered in 12 hr. byp not 
14-hr. days, indicating a critical day-length betwten 
12 and 14 hr. A critical photoperiod of 12 hr. or less 
would make it possible for day-length to control 
flowering at the latitude of Ibadan. 

Using day-lengths of 114-12} hr., that is, the 
extremes of day-length at Ibadan, it was shown that 
late okra (Hibiscus esculentus) and Sphenostylis 
stenocarpa showed a critical day-length of less than 
12} hr., and hence did not flower in the long ‘summer’ 
days at this latitude. Early okra and Phaseolus 
lunatus, on the other hand, flowered in both 11{-hr. 
and 12}-hr. days as well as in the natural day- 
length, but their response was quantitative in nature, 
the time to flowering being longer in the longer days. 
In order to test the effect of natural changes in day- 
length, successive monthly plantings were made in 
the field throughout the year. The results support 
the conclusions drawn from the experiments in which 
day-length was artificially controlled. Hence the 
photoperiodic response is of practical significance in 
the latitude of Ibadan. Plants of both groups grown 
under field conditions showed a marked shortening or 
lengthening of the vegetative period as the natural 
photoperiod decreased or increased. A difference of 
15 min. may mean flowering or only vegetative 
growth. 


Geology In the U.S.S.R. 


AN announcement of forthcoming publhcations 
issued by the Academy of Sciences of the U.S.S.R. 
lists 120 books on geology to be published in 1960, 
excluding periodicals, popular works, and reprints. 
Much the same order of output appeared last year 
from the State Publishing House for Geological 
Literature (‘“Gosgeoltekhizdat’’?); and taking into 
account the production of other agencies, ıt seems 
likely that the geological monographs and text-books 
published within the U.S.S.R. now number close 
on five hundred volumes annually. Since much of 
this litorature is little known in the West, a special 
interest attaches to a paper by Prof. 8. I. Tomkeieff 
on. ““The Progress of Geology in the U.8.8.R.” (Laver- 
pool and Manchester Geological Journal, 2, 474 ; 1960). 
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This grves the first reasonably full account m English 
of the extensive geological work ,which has been 
conducted in the U.S.S.R., describing the organ- 
ization of teaching and research and giving brief 
notes on progress in the various branches of the 
science. Although the scope of lis short paper is 
immense, Prof. Tomkeieff brings to it a lifetime 
study of Russian literature, with the result that he 
opens new avenues to all geologists who are prepared 
to surmount the language barrier. 


Magnetic Annealing 

Tx phenomenon of magnetic annealing, that is to 
say, the production of directional properties in a 
homogeneous alloy by allowing ıb to cool from a high 
temperature in the presence of a strong magnetic 
field, is well known from the early experiments of 
Bozorth and Dillinger on soft magnetic materials 
and those of Oliver and Shedden on hard ones. But 
the reasons for the establishment of such magnetic 
anisotropy have always been somewhat obscure. 
According to an announcement issued by the Bell 
Laboratories, recent experiments have thrown some 
light on the problem in the case of permalloy, which 
18 in great demand in the form of fine tapes in elec- 
tronic memory devices, where their switching times 
under suitable conditions are very short. The new 
expeyments indicate that the magnetic annealing is 
not effective unless about 14-20 parts of oxygen 
per 10° are present in the permalloy, and there is little 
beneficial change in increasing the oxygen content 
beyond these limits. While the mechanism by which 
the oxygen acts is not clearly understood, it 1s 
suggested by Heidenreich, Burbank and Nesbitt that 
atoms are deposited on a crystal stacking plane at 
high temperatures, and so result in a displacement or 
dislocation of the next plane of atoms in the alloy. 
Whether this suggestion is correct or not, 1t certainly 
appears that close control of oxygen content 18 


necessary. 


A Commercial Thermoelectric Cold Box 


Ir is well known that many firms in Great Britain, 
the U.S.S.R. and the United States of America are 
working on the development of a practical form of 
thermoelectric refrigeration ; also that the General 
Electric Co., Lid., at their research laboratories at 
Wembley, have carried out extensive investigations 
on the fundamental properties of bismuth telluride 
and other semiconductor compounds. It is therefore 
not surprising to learn in a recent announcement 
that the Company has now produced what is clarmed 
to be the world’s first prototype model of a com- 
mercial design of thermoelectric cold box. The box 
8 about 1 ft.” in size and has a drop-down door. 
The Peltier effect is used for the production of cold, 
the cooling power of about 0 25 W. taking place at 
one junction of the thermocouple through which a 
direct current of 5-10 amp. is passed. The drop in 
temperature in the enclosure ıs 20-30 deg. Tho 
practical stago of development has been reached by 
the production of officient semiconductor thermo- 
couples and a form of construction which provides 
adequate thermal insulation between the hot and 
cold sides of the couple. The advantages of the 
system ere lightness, the absence of moving or 
wearing parts, silent operation and the avoidance of 
chemical refrigerants. It can operate from a low- 
voltage battery d.c. supply, such as a” motor-car 
battery, and the prototype cold box fits easily into 
the boot of a car. 
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The Wellcome Trust : Grants for Medical Research 


Tue Wellcome Trustees have announced that 
among the grants made during the half year ended 
February 29 were: £120,000 to King’s College, 
University of London (Prof. J. T. Randall), towards 
the purchase of the lease of premises to house a 
Department of Biophysics ; £70,000 to the University 
of Toronto (Prof. C. H. Best), to build and equip 
basically additional research accommodation in the 
Charles H. Best Institute; £15,000 to the Johns 
Hopkins Hospital, Baltumore (Prof. A. McGehee 
Harvey), to adapt premises in the Department of 
Medicine as a research laboratory for studies of the 
heart and blood vessels in man, especially by the 
method of X-ray cinematography; £30,000 to 
University College, London (Prof. P. B. Medawar), 
to build and furnish a research unit in cellular 
immunity as an annexe to the Department of 
Zoology ; £8,000 to the University College of the 
West Indies, Jamaica (Prof. J. Waterlow), to pur- 
chase @ mass spectrometer for use in the Medical 
Research Council’s Tropical Metabolism Research 
Unit ; and £2,500 per annum for up to five years, to 
Prof. A. St. G. Huggett, St. Mary’s Hospital Medi- 
cal School, London, to provide technical assistance 
and research expenses for work on the physiology of 
pre-natal growth. 


Senior Research Fellowships of the U.S. Public 
Health Service 


Tue U.S. Public Health Service has announced that 
it will award twenty-one five-year senior research 
fellowships to scientists in eighteen universities and 
schools of medicine in thirteen States. Cost of the 
awards for the first year will amount to 260,562 
dollars. No maximum stipend is set by the Public 
Health Service for these fellowships. Instead, each 
institution requests an amount for the stipend im 
accordance with its policy. The institution also 
receives 2,000 dollars a year towards research and 
travel expenses connected with the project. Thus is 
the fourth year of a five-year Federal programme to 
increase man-power for research in the pre-clinical 
sciences. The programme is administered by the 
Division of General Medical Sciences of the National 
Institutes of Health. The awards aro designed 
principally for the partial support of promising young 
scientists sponsored by preclinical departments in the 
period between the completion of their postdoctoral 
research training and their eligibility for permanent 
academic appointments. In special circumstances, 
senior scientists may be awarded these fellowships 
to supply needed strength in preclinical science 
departments of schools of medicine, dentistry and 
public health. 


First International Congress on Automatic Control 


As tho British member body of the International 
Federation of Automatic Control, the British Confer- 
ence on Automation and Computation has, during the 
past year, selected 28 papers to form the British 
contribution on the subject of automatic control for 
presentation at the first International Congress on 
Automatic Control in Moscow during June 27- 
July 7. The arrangements for this Congress are being 
undertaken for the Federation by the U.S.S.R. 
National Committee for Automatic Control. The 
total number of papers to be presented is 282, and 
20 countries are represented. The leader of the 
British delegation is Mr. John F. Coales of the 
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University of Cambridge. Further information can 
be obtained from the Honorary Secretary, Group 4, 
the British Conference on Automation and Computa- 
tion, c/o The Institution of Mechanical Engineers, 1 
Birdcage Walk, London, 8.W.1. 


Autonomics Division, National Physical Laboratory 


THe name of the Control Mechanisms and Elec- 
ironics Division of the National Physical Laboratory 
is to be changed to the Autonomics Division. The 
Division is already well known in the field of auto- 
matic control and in pioneermg digital computers. 
Such machines are deterministic in that their be- 
haviour can be predicted from their design and ther 
environment, and they can be designed only after a 
detailed mathematical analysis of the factors involved. 
By working closely with biologists in studying the 
methods which living physical systems use to achieve 
control, the newly named Division hopes to discover 
underlying principles on which machines that can 
improve their own performance can be buult. 


The Royal Institution 


Ar the annual meeting of members of the Royal 
Institution held on May 2 the following officers were 
elected : President, Lord Brabazon of Tara; Treas- 
urer, Mr. W. E. Schall; Secretary, Sir Harold Spencer 
Jones; Managers, Dr. T. E. Allibone, Dr. H. D. 
Anthony, Mr. E. R. Davies, Dr. A. G. Gaydon, Dr. H. 
Heywood, Brigadier H. E. Hopthrow, Mr. L. B. W. 
Jolley, Mr. P. H. Schwarzschild, Wing-Commander 
H. F. Tiarks and Prof. W. D. Wright ; Visitors, Mr. 
A. D. R. Caroe, Mr. A. H. Ewen, Mr. G. J. Gollin, 
Mr. 5. Rees Jones, Mr. W. C. Lister, Miss C. M. 
McDowell, Mrs. J. E. Milton, Mr. F. ABen Mitchell, 
Dr. A. A. Moss and Miss D. Sidebottom. 


Royal Meteorological Society : Awards for 1959 


Tem folowing awards were announced at the 
annual general meeting of the Royal Meteorological 
Society : Buchan Prize for 1955—59, Dr. R. J. Murga- 
troyd; Hugh Robert Mill Medal and Prize for 1959, 
Dr. B. J. Mason; Darton Prizes, (a) Home Awards, 
first prize to Dr. ©. J. Adkins and second prize to 
Dr. J. A. Funk; (b) Canadian Awards, first prize 
jointly to Mr. R. H. Douglas and Dr. W. Hitschfeld, 
and second prize to Mr. D. K. A. Gillies. 


University News : Cambridge 


Tem Fellowship Electors have made the following 
appointments to Churchill College: Official fellow- 
ships: Dr. F. H. Hahn, fellow from October 1 and 
College lecturer in economics from October 1, 1961; 
Dr. D. J. Thouless, fellow and College lecturer in 
mathematics from October 1, 1961. Extraordinary 
fellowship: Dr. F. H. C. Crick, from October 1. 
Overseas fellowship: Prof. 8. B. Treiman, associate 
professor of physics, Princeton University, from 
October 1. 


London 


Tux following appointments tenable at Westfield 
College have been announced: Dr. E. H. Bellamy, 
senior lecturer in the University of Glasgow, to the 
University chair of physics; Dr. E. H. Sondheimer, 
reader in applied mathematics at Queen Mary College, 
to the University chair of mathematics; Dr. G. E. 
Fogg, reader in botany at University College, London, 
to the University chair of botany. 
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Announcements 


Tsu Holweck Medal and Prize, given jointly by 
the Société Française de Physique and the Physical 
Society, has been awarded to J. Brossel, in recog- 
nition of his distinguished work on spectroscopy 
The presentation will be made on May 11 in the 
Clarendon Laboratory, Oxford, after which M 
Brossel will deliver an address (in English) on 
“Optical Detection of Nuclear Magnetic Resonance”. 


Dr. M. Torporr, associate editor of the Journal 
of the Textile Institute, is to become editor of the 
Journal of the Society of Dyers and Colourists. He 
takes up his new appointment in August. 


APPLICATIONS are invited from members of the 
British Mycological Society and heads of departments 
for grants from the Cheesman and Pethybridge funds 
to enable students of mycology to attend the Spring 
or Autumn Foray, or the Plant Pathology Field 
Meeting. Grants will be made only to students who 
would otherwise be unable to attend these meetings 
on financial grounds. Applications should reach the 
secretary, Dr. J. G. Manners, Botany Department, 
The University, Southampton, not later than 
May 10. 


Tse Department of Chemical Technology of the 
Bradford Institute of Technology is organiz®ng s 
symposium on Co-ordination Compounds: their 
Chemistry and Applications during May 20-21 
Further information can be obtained from Mr. G. J. 
Weston, Institute of Technology, Bradford. 


AN international colloquium on Sub-aquatie Medi- 
cine is to be held by the “Club Alpin Sous-Marin”’ at 
Cannes during June 15-19. Further information 
can be obtained from Dr. J. Ferrari, “Club Alpin 
Sous-Marin”’, 10 Place Commandant-Lamy, Cannes 
(A.~M.). 


L’AssocraTion des Ingénieurs Electriciens sortis de 
VInstitut Electrotechnique Montefiore is to organ- 
ize an international information day about nuclear 
energy in Liége on June 9. Further information 
ean be obtained from Mr. A. Biron, the secretary 
of the Association, at 31 rue Saint-Gilles, Liège, 
Belgium. 


Tam twenty-fourth congress of the International 
Association for the Protection of Industrial Property 
will be held in London during May 30-June 4, under 
the presidency of Sir John Hanbury-Williams, chair- 
man of Courtaulds, Ltd. Further information can be 
obtained from the secretary of the Organizing Com- 
mittee, H. C. Miller, 16 St. Martin’s Le Grand, 
London, E.C.1. 


A JOINT meeting of the Biochemical Society and 
the Société de Chimie Biologique in the Faculté de 
Pharmacie, Avenue de l'Observatoire, Paris 6°, during 
May 27-28, has been arranged. Further information 
ean be obtained from Dr. W. J. Whelan, Lister 
Institute of Preventive Medicine, Chelsea, Bridge Road, 
Chelsea, London, 8.W.1. 


W. H. FREEMAN AND Co., Lro., Hyde House, West 
Central Street, London, W.C. l, state that they are 
now the English publishers of Gilluly, Waters and 
Woodford “Principles of Geology” and of Sawyer 
“A Concrete Approach to Algebra’’, noted 
in Nature of April 2, pp. 57 and 68; the English 
prices are now 42s. and 7s. 6d., respectively. 
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POLYMERIC PROGRESS 


IVE hundred people attended a conference on 
Polymeric Progress held by the Plastics Institute 
during March 30-31. This figure was limited by the 
capacity of the William Beveridge Hall of the 
University of London, and many applications had to 
be refused. A speaker at the conference dinner 
pointed out the double meaning of the title, with its 
appropriate recognition that progress in polymer 
science and technology is so many-sided that it can 
be appropriately described as polymeric. 

Following an introductory address by J. R. Whin- 
field, the conference took the form of eight papers, 
each of approximately forty-five minutes, followed by 
thirty minutes for questions and discussion. The 
diverse interests of members of the audience inhibited 
any detailed discussion and the question periods were 
for the most part used in clarifying and amplifying 
the papers. Each of these was an individual con- 
tribution, but for the purpose of this report they 
may be conveniently grouped. 

The most dramatic of recent advances are con- 
cerned with the development of new methods of 
pol ization offering a high degree of control over 
the structure of a polymer. The effect of this on the 
physical properties of the polymer can be seen by 
reference to a few examples: (1) Polyethylene has 
become a well-known material in many household 
goods, characterized by toughness and flexibility, 
with a melting point of about 108° C.; the newer 
techniques give a much more rigid product, melting 
at 130° C. (2) Polymethyl methacrylate is familiar 
as the glass ‘Perspex’; two new crystallizable forms 
have now been produced. (3) Naturally occurring 
polyisoprenes have long been known—natural rubber 
and gutta percha ; essentially identical products have 
now been made synthetically, together with other 
crystallizable products. 

The nature and the mechanisms of these new pro- 
cesses were the subject of a paper by G. Gee, in which 
several levels of structural control were recognized. 
The terms isotactic, syndiotactic and atactic, origin- 
ally proposed by G. Natta, have now been widely 
adopted to indicate the sequence of stereochemical 
configuration along a polyvinyl chain —(CH,—CHX). 
If the configuration of all the tertiary carbons are 
identical the polymer is isotactic ; if configurations 
alternate regularly the polymer is syndiotactic: in 
an atactic polymer configurations are random. The 
configuration of each carbon is established as the 
unit is attached to the chain and it is clear that in 
general the two configurations will differ in prob- 
ability : it is by control of these probabilities that 
the new procedures determine the product. 

The simplest method of control uses low-tempera- 
ture catalysts to favour the lower-energy configura- 
tion——generally syndiotactic. As the polymerization 
temperature is lowered, the degree of stereochemical 
regularity increases continuously and ultimately 
becomes sufficiently great for the polymer to crystal- 
lize. It has been suggested that polymer conformation 
in solution may sometimes be important: once a 
regular sequence is established (by chance) the 
polymer may tend to take up a regular conformation 
(for example, a helix) in which the same mode of 
addition is favoured. 


The most remarkable of the new catalysts are metal 
alkyls or products derived from them. Especially 
noteworthy are the lithium alkyls and the Ziegler 
catalysts (typified by*a combination of titanium 
trichloride and an aluminium alkyl). The three 
features which here seem important are highly polar 
metal—carbon bonds, metal atoms such as aluminium 
with a strong co-ordination tendency, and solid ionic 
surfaces. Almost all the most remarkable achieve- 
ments in stereospecific polymerization so far reported 
have involved the use of heterogeneous catalysts. A 
particularly interesting system is found in the poly- 
merization of propylene oxide by metal alkoxide 
catalysts, where the production of crystalline polymer 
is stimulated by partial hydrolysis of the alkoxide, 
giving condensed chain structures which reach their 
optimum efficiency just as they are on the verge of 
precipitation from solution. 

Tho use of Ziegler catalysts was considered in more 
detail in the paper by G. Bier, who reported that the 
properties of nominally similar catalysts are highly 
dependent on the method of preparation. It is 
generally that polymerization on these 
catalysts involves interpolation of successive mole- 
cules of monomer between metal (M) and polymer 
chain (P), which may be written formally : 


M...P +CH,: CHX — M...CH,CHYX.P 


Various processes can lead to removal of the polymer 
which then ceases to grow and is replaced by a new 
chain, for example, 


M...CH,CHX.P—> M...H +CH,:CXP 


Bier presented evidence of the preparation of cata- 
lysts in which such processes can be reduced to 
negligible proportions. In these circumstances it 
becomes possible to synthesize block copolymers 
(CH ,CHX)x (CH,CHY)yn(CH,CHX),,... by sup- 
plying two (or more) monomers successively to the 
catalyst. Copolymers of ethylene and propylene 
containing 10-20 blocks per chain have been made 
in this way and show physical properties generally 
quite different from those of eithar mixtures of the 
two polymers or random copolymers. A striking 
feature of these block copolymers is that all appear 
to be crystalline, though the orystal structure is 
unknown. 

In the paper on “‘Acetal Polymers”, W. H. Linton 
described another development in which a familiar 
monomer has been polymerized in new ways to 
produce a polymer the properties of which are suen 
as to make it, from the engineer’s point of view, a 
new material. The polymerization of formaldehyde 
is mentioned in elementary text-books, but stable 
high polymers have only recently been produced, 
and marketed as ‘Delrin’. Linton described this 
material as an essentially linear polyoxymethylene 
with a density of 1-425 at room temperature and a 
crystal melting point of 180° C. It was stated to be 
usable continuously at 60-70° C. or intermittently at 
100° C. Compared with older formaldehyde polymers, 
ita high stability appears to be due in part to chemical 
treatment to remove terminal hydroxyl groups, and 
partly to the high degree of crystallinity consequent 
upon its very regular structure. 
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Another group of new-old materials was described 
by H. Schnell, in his paper on polycarbonates. 
Intensive earlier work on polyesters had failed to 
produce any polycarbonates of satisfactory stability 
and useful physical properties. Two factors which 
combined to open up this new field were the pro- 
duction of ‘bisphenol A’ HO.C,H,.CMe,.C,H,OH and 
its conversion to @ polycarbonate by reaction with 
phosgene. It proved possible in this way to obtain 
polymers of high molecular weight which were ery- 
stelline and melted above 200° C. Subsequent work 
has led to the synthesis of many polymers of the 
general structure —(OC,H,X.0,H,O.CO)g, where X 
may be —CR,—, —O—, —S—, —SO0—, —50,— 
These are broadly similar in physical properties, an 
attractive feature being high impact strength. The 
polymers are all crystalline, generally melting above 
200° C.; but a high degree of transparency shows 
that the crystallites must be small. Moreover, the 
fact that many of these materials are soluble in 
organic liquids at room temperature is surprising 
having regard to their high melting points. 

The relation of melting point to chemical structure 
was discussed by H. ©. Raine in his paper on poly- 
olefins. Following the pioneer work of G. Natta, a 
range of l-olefings have now been polymerized to 
crystalline polymers which are generally described as 
‘isotactic’. Raine emphasized that the ability of a 
polymer to crystallize is not a sufficient proof of 
100 per cent stereochemical purity. In illustration 
he presented data on a large series of polypropylenes 
having melting points ranging from 110-180° O., 
correlated roughly but not exactly with the estimated 
percentage of crystallinity. For any discussion of 
the effect of monomer structure, one should clearly 
use the highest melting point which has been attained ; 
but there remains some doubt as to whether data 
available at tho present time are all reliable. Follow- 
ing ths work of C. W. Bunn, Raine sought to interpret 
the data in terms of three factors: cohesive energy 
per unit length of chain, intrinsic chain stiffness and 
spatial symmetry. 

Of these new polyolefins, only polypropylene has 
yet been developed commercially, but it may well 
prove that some others may have useful combinations 
of properties : the high melting points of polyolefins 
with bulky side groups are particularly noteworthy. 
The presence of these side groups in an isotactio 
polymer makes a planar zig-zag conformation of the 
chain sterically impossible. Crystal structure determ- 
inations on a series of polyolefins have shown helical 
structures to be characteristic. With this in mind, it 
might well have been expected that if vinyl cyclo- 
propane could be polymerized isotactically, the 
polymer would show a similar structure. In his 
account of recent work by the polymer group at 
Brooklyn Polytechnic, M. Goodman reported that 
this does not appear to be the case. Vinyl cyclo- 
propane has recently been synthesized, and poly- 
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merized with a Ziegler catalyst. Preliminary X-ray 
studies suggest that the crystal structure is a planar 
Zig-Zag. 

The problem of polypeptide conformation in solu- 
tion is dominated by the possibilities of hydrogen 
bonding. Goodman described work in progress on the 
synthesis and study of a series of short-chain poly- 
peptides (2-12 peptide links). Optical rotation and 
rotary dispersion are being used as tools to study the 
competition between intermolecular association and 
formation of an « helix. In the latter, intramolecular 
hydrogen bonding occurs between links 1—5—-9-13, 
2-8-10—-14, etc. End effects are naturally important 
in these short chains, and the interpretation of the 
results is not yet entirely clear. 

Two papers remain to be mentioned: by H. M. 
Stanley, on “The Impact of Petrochemical Develop- 
ment on the Plastic Industry”; and by N. J. L. 
Megson on “High-temperature Resistant Materials’’. 
These approached the question of new polymers from 
opposite ends. The industrial development of a 
polymer is naturally highly dependent on economic 
consideration, and in these the cost and availability 
of monomers looms large. The remarkable progress 
of the petrochemical industry is well known, both in 
cheapening established products by opening up more 
direct and economical routes, and in making available 
on an industrial scale products formerly laboratory 
curiosities. In his survey of current trends, Seapley 
gave good grounds for the belief that if a polymer 
can be shown to be sufficiently worth while, the 
petrochemical industry will fmd a feasible route to 
the necessary monomer. 

Megson’s paper pointed the need for the develop- 
ment of polymers with new properties. The kinetic 
heating of high-velocity aircraft and rockets is 
already creating a demand for materials, both metallic 
and non-metallic, capable of performing more satis- 
factorily at higher temperatures than those hitherto 
encountered, and it is clear that the problems will 
become progressively worse as speeds rise. There are 
really two groups of problema, concerned respectively 
with thermal, oxidative and hydrolytic stability under 
very severe conditions; and with the physical 
properties of materials which encounter an excep- 
tionally wide temperature range. Megson stressed 
the shortcomings of all known polymeric materials, 
but was naturally less able to suggest remedies. The 
overall problem is certainly too complex for any 
simple solution, and progress can only be foreseen 
over a broad and straggling front. General studies of 
new types of polymer will certainly have the high- 
temperature problem in view as an objective. At 
the same time, specific applications will require 
individual study to determine the best compromise 
between design and material. This is one of the areas 
where one may hope to find advances when the 
Plastics Institute holds its next conference on poly- 
merio progress. G. GEE 


THE SCIENCE ASSOCIATION OF NIGERIA 


HE second annual conference of the Science 
Association of Nigeria was held in Zaria, Northern 
Nigeria, during December 15-18. This Association, 
affliated to the wider organization of the West 
African Science Association, has only been in existence 
for one year. Its membership is recruited from all 


branches of the teaching profession, from government 
scientists and from industrial organizations. 

The immense developments in Nigeria since the 
Second World War have given rise to a large increase 
in the numbers of scientific workers, both African 
and European. Yet the overall numbers are still 
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grossly inadequate for the country’s need in an age 
of technological e ion. The Association was 
brought into being for the dual purpose of providing 
a forum for scientists working in the country and 
of informing the general public of the role which 
scientific work is playing in their lives. Already the 
Association hag achieved considerable success. The 
quality of the papers and the discussions at the 
present meeting was extremely high, and it gave a 
picture of a general standard of work and achieve- 
ment which would have been unthinkable not many 
years ago. 

The most obvious immediate technological needs 
of Nigeria are in the agricultural and allied fields. It 
is not surprising, therefore, that a great deal of 
emphasis was laid on agricultural developments and 
of the relation of these developments to nutrition. 
But other subjects were not neglected. The vexed 
question of the biological effects of radiation-——a real 
issue in Nigeria since the first mention of Sahara atom 
bomb tests—was dealt with in a most scholarly and 
authoritative manner. There were brief incursions into 
the realms of physiology and even of philosophy. 

The importance of the meeting, though, really lay 
in that it brought together workers from many parcs 
of Nigeria and from many fields of work. Physical 
end intellectual isolation are an ever-present danger 
in such a vast under-developed territory, and the real 
necegssty is an interchange of ideas and points of view. 


THE SMITHSONIAN 


HE annual report of the Smithsonian Institution 
Te tho year ended June 30, 1959, includes the 
Secretary’s report, reports of branches of the Institu- 
tion, the library and publications, and the financial 
report of the Executive Committee of the Board of 
Regents . xX+243+10 plates. Smithsonian 
Publication No. 4389.) Washington, D.C.: Govern- 
ment Printing Office, 1959). Real progress continued 
to be made in transforming the museum displays into 
modern effective teaching exhibits and with 951,608 
visitors at the National Gallery of Art, an estimated 
4,055,673 at the National Zoological Park, the total 
number of visitors was 11,358,633. Some 260,000 
specific inquiries were handled and 1,144,445 speci- 
mens were added to the National Museum, including 
four collections of Micronesian ethnological material, 
the entire herbarium of Goucher College, consisting 
of about 6,100 specimens, the legendary Hope 
diamond, a superb collection of Chinese jade carvings, 
more than 7,300 specimens of Carboniferous plante, 
the Monrés collection of more than 54,000 chrysomelid 
beetles, and many molluscs and marine invertebrates 
collected by the Bredm-—Smithsonian Caribbean 
e ition; & collection of early handmade locks, 
bolts and decorative hardware, and dental instru- 
ments, furniture and equipment relating to the history 
of dentistry. Efforte to acquire early scientific 
apparatus used in colleges continued, and a group of 
scientific instruments used by Ira Remsen at Johns 
Hopkins University was acquired. Field work was 
conducted by members of the Museum staff in Central 
America, South America, the Caribbean and many 
parte of the United States. l 

Systematic researches by the Bureau of American 
Ethnology ranged from the River Basin Surveys, 
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This meeting underlined a phenomenon of great 
significance certainly in Africa, probably also in other 
territories, namely, a re-orientation in the pattern of 
research. Before the War the tropics at the best 
were field stations visited by scientists from Europe, 
who collected their material for examination in 
properly equipped laboratories in Europe. To-day, 
Nigeria not merely bas the laboratories—insufficient 
m number, perhaps, but still there-—but also the 
scientific personnel to “carry out the work. The 
opportunities here are immense, and the challenge is 
something which Europe cannot match. There is, 
after all, a fundamental absurdity, justified at the 
time they were created, in institutions of tropical 
research situated in England or indeed anywhere 
outside the tropics. This alone is a big development. 
Most of the original work carried out in Nigeria is, 
perforce, m applied subjects such as agriculture and 
medicine. Nevertheless, the third step towards 
scientific maturity has already been taken, for there 
is now @ great deal of ‘pure’ research being 
carried out, particularly at the University College, 
Ibadan. 

Science and technology in Nigeria are still young, 
but one feels that the plant is viable, that scientific 
activity will continue to grow, and that the nation 
as & whole will increasingly come to accept the new 
technologies as her best guarantee of future prosperity. 

B. Horxins 


INSTITUTION 


Arctic and Eskimo studies, the Seminole and Seneca 
Indians to archmological work at Russell Cave, 
Alabama, and progress is reported with the biblio- 
graphy of the Arctic. The survey parties have now 
located 4,909 archsological sites in the River Basin 
Surveys and, of these, 1,017 have been recommended 
for excavation or limited testing. Work at the 
Astrophysical Observatory included solar physics, 
the development of two methods for determining 
the structure of non-grey stellar atmospheres, a study 
of atmospheric structure and its correlation with 
solar activity, studies of the secular acceleration of 
artificial satellites, meteoritic studies and the design 
of a telescope for use in space, The satellite-tracking 
programme continued and the Division of Radiation 
and Organisms continued its studies on the bio- 
chemical changes that occur during the development 
of the chloroplasts of higher plants. In a study of the 
lag phase of chlorophyll synthesis it has been shown 
that X-irradiation of 5-10 kr. can increase the lag 
phase in etiolated bean leaves, and radiant energy in 
the region 710-820 mu significantly increases the 
frequency of chromosomal aberrations when used as 
& supplement to X-irradiation. Accessions totalling 
341 specimens in 56 separate accessions to the 
Natural Air Museums included an early example 
of a German one-man helicopter, a DM-1 delta- 
winged glider of the Second World War, and 
many documents pertaining to pioneer rocketry 
research. 

Accessiona of 1,286 animals brought the total 
count at the National Zoological Park to 2,384 ; 
about 400 people visited the Canal-Zone Biological 
Area, including 54 scientists, students and observers 
using the station’s facilities for special researches. 
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particularly in plant and insect studies, observation of 
wildlife and photography. The International Exchange 
Service received 1,129,476 packages, weighing 767,399 
lb. of government, scientific and literary publications, 
and distributed 63 full and 43 partial sets of United 
States official publications ; 85 copies of the Federal 
Register and 95 copies of the Congressional Record 
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were also dispatched under the Interparliamentary 
Exchange of the Offcial Journal. The library received 
52,669 publications during the year, bringing its 
holdings to 982,596 volumes, including 586,722 in the 
Smithsonian Deposit at the Library of Congress, 
and arranged 159 new exchanges. Eighty-one publi- 
cations were issued during the year, 


A CENTRAL INSTITUTE FOR SCIENTIFIC CINEMATOGRAPHY 


find out what services a Central Institute for 
Scientific Cinematography could render to 
research and teaching in Great Britain, an inquiry 
has been carried out by the British Universities Film 
Council among a representative group of university 
teachers*. 

A questionnaire relating to research was designed 
with the view of ascertaining, inter alia, whether by 
some method of sharing apparatus, existing facilities 
could be better used. The views of the research 
workers were as follows. 

Research projects are undertaken with available 
resources in mind and unless cinematographic 
equipment already exists, or a grant to buy it is a 
possibility, cinematographic methods will not be 
used. Those departments with such equipment are 
using it most of the time and it is likely only to be 
available to visiting workers for short times; how- 
ever, in the majority of instances visiting workers 
would be welcome, particularly to-learn the methods 
in use. Many who use ciné equipment, and many 
more who do not do so at the moment, would welcome 
information concerning equipment available and the 
ways in which it can be applied to specific problems. 
This could be one of the functions of a Central 
Institute. 

Another questionnaire was designed to determime 
how a Central Institute could assist teachers. The 
general reaction was that film at university level is 
properly used in showing the student moving 
phenomena which he cannot, for any reason, see at 
first hand; film should not be used to show observ- 
ations or experiments which the student should make 
himself. Many films available, although they fulfil 
this criterion, are unsatisfactory for university work 
because they include theoretical material best dealt 
with in other ways. 

University teachers want short films to illustrate 
particular points which can be best illustrated by 
cinematographic methods. This need involves an 
automatic ‘push button’ projector which has yet to 
be perfected and a source of supply of the illustrations. 

Until such time as apparatus and illustrations are 
forthcoming, films will have to be used as at present. 
Many teachers are not aware of the films available on 
their subjecta; the multiplicity of catalogues and 
sources of supply, each of which has few, if any, items 
of university standard adds to this confusion. A 
more centralized source of information is essential. 

While the foundation of a Central Institute which 
had sections for the making of research films, the loan 
of equipment and secondment of specialized staff, an 

o Use of Film tn Tea and Research In British ee 
1050. (A Report of an inves peak 10n erred out in selected U ralty 
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advisory service on research problema, the making 
of teaching films and a comprehensive information 
service on teaching films would appear one solution 
to these problems, it would seem that some of the 
current difficulties might also be solved in other ways. 
If there were greater recognition of the fact that, in 
many sciences, cinematographic methods have estab- 
lished themselves as a means of recording events for 
subsequent analysis, apparatus would be provided on 
a more liberal scale. Such apparatus requires skilled 
use, and short courses for training of technicians 
should be provided, perhaps in colleges of technology 
in various parts of Britain. If the research prob- 
lems were tackled along these lines, it might be 
easior to obtain co-operation with other bédies 
interested in cinematographic methods in research 
and avoid the isolation which might result if a 
central institute for university research alone were 
set up. 

The use of an existing organization for a po 
hensive service of information of teaching film might 
well be considered. This would involve the organ- 
ization. in question receiving an earmarked grant 
from a government source, the grant being used for 
the collection, collation and dissemination of inform- 
ation on films available for instruction at university 
level. 

Interest in the use of advanced cinematographic 
techniques is not confined to university departments ; 
other bodies such as the Research Councils, various 
Ministries and industry are also concerned. If it 
proposed to set up an Institute which served all these 
interests, the universities would make full use of the 
facilities provided. It may be envisaged that 
universities would, in particular, be users of an 
advisory service on the application of cinemato- 
graphic methods and on technical problems, any 
short instructional courses on methods whether for 
scientists or their technicians, and an information 
service on existing film which could be used for 
further research or for teaching purposes. University 
departments might be users of a service for the loan 
of specialized apparatus although they would wish 
to be free to apply for grants for the provision of 
apparatus for their exclusive use as previously. Here 
there may be a difference between the needs of pure 
and applied science departments; the latter fre- 
quently undertake research of an ad hoc nature for 
which the availability of apparatus on loan might 
have distinct advantages in that it would encourage 
æ high technical standard in the research film 
made; much film produced in research in Britain, 
although adequate for the immediate purpose of the 
worker, is seen to be of poor quality when shown at 
scientific meena and is also inadequate teaching 
material. 
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WEIGHT STANDARDS FOR MEN AND WOMEN 


N view of the importance of body-weight to health 
and longevity, the findings of the Build and Blood 
Pressure Study, 1959, conducted by the Society of 
Actuaries of the United States, are of major signifio- 
ance (Metropolitan Life Insurance Co. Statistical 
Bulletin, Vol. 40 (November—December 1959): New 
Weight Standards for Men and Women. Fathers are 
Younger. How Fatal Accidents Occur in the Home. 
Geographic Variations in Mortality by Cause. Pp. 12. 
New York: Metropolitan Life Insurance Company, 
1959). The study not only contributes new data on 
average heights and weights according to age but 
also provides information from which new standards 
of desirable weight have been developed by the 
Eee Bureau of the Metropolitan Life Insurance 
The new tables of average weights differ from those 
which were based on two similar studies of insured 
persons covering the periods 1885-1900 and 1909-27. 
For women the new average weights are consistently 
leas than they were in the earlier studies, while for 
men they tend to be higher than before. Thus, at 
age 24 the average weight for women is generally 5 
to 6° pounds less than that shown in the last study ; 
at the age 35 it is from 2 to 4 pounds lesg, and at age 
45 generally 2 to 8 pounds less. The decrease in 
average weights of women reflects chiefly their efforts 
to keep slim and, to some extent, the lighter weight 


of their clothes. Among men, the increase in average 
weight, compared with earlier studies, varies appre- 
ciably with height. The increase is greatest for short . 
men, amounting to 6 pounds or more at most ages. 
For men of average height the increase is from 2 to 
4 pounds, and for tall men from 1 to 3 pounds, 
the larger differences being found below the age 
of 45. 

The average weights in the present study rise with 
advance in age among both men and women, but the 
pattern differs somewhat for the two sexes. Among 
men, the averages rise rapidly during the twenties 
and early thirties, but the rate of increase then 
slackens off and is very small between the forties and 
fifties. Among women, the increases in weight with 
age are fairly steady, but are most rapid between the 
mid-thirties and mid-forties. The lowest mortality 
generally occurs among people who are well below 
average weight. Even among young people, the 
advantage of a slight degree of over-weight is lesa 
pronounced than in earlier studies, and at best can 
now be considered only a temporary advantage. At 
the middle and older ages, the results of the new 
study not only show the disadvantage of over-weight, 
but also indicate that desirable weights, under current 
conditions, are somewhat lower than those shown in 
the tables prepared by the Metropolitan Life Insurance 
Co. in the early 1940's. 


TEMPERATURE CHANGES IN THE ANTARCTIC ATMOSPHERE 


R. H. WEXLER, chief scientist of the U.8— 
International Geophysical Year Programme, 
has published a valuable paper on the subject of 
seasonal and other temperature changes in the 
Antarctic atmosphere in the July 1959 issue of 
the Quarterly Journal of the Royal Meteorological 
Soctety. His results are based on observations 
made at U.S. and British International’ Geo- 
physical Year stations in Antarctica and by the 
Scandinavian—British expedition to Maudheim during 
1950-61. 

The variation of temperature with height of the 
seasonal changes is strikingly different from that over 
temperate continents. The seasonal changes over 
Antarctica are greatest in the stratosphere (50-60 
deg. C.}), moderate at the surface (20-40 deg. C.), and 
least in the troposphere (10 deg. C.). The effect of the 
greater cooling of the stratosphere is to destroy for a 
long period the normal sharp inversion boundary of 
the tropopause between troposphere and stratosphere. 
During the sunlit part of the year the stratosphere 
is heated directly by absorption of solar radiation by 
the ozone which it contains, and tt is cooled during 
the dark part by loss of heat by radiation from the 
ozone, carbon dioxide and water vapour, so that the 
stratospheric temperature falls quickly in autumn 
and rises very rapidly in spring. The fall of surface 
temperature is rapid in the autumn as the snow 
surface cools by radiation. Cloud in the winter causes 
remarkable increases in surface temperature since it 


is at a higher temperature than the surface iteelf and 
#0 heats the surface by radiation. An example of an 
increase of temperature by 30 deg. F. in 24 hr. at the 
South Pole when. cirrus cloud came over is described 
in some detail. In the summer the snow surface is 
warmed by solar radiation despite its high albedo. 
The small temperature o in the troposphere is 
ascribed to the horizontal influx of warm air from 
over the surrounding ocean. Reasons are given as to 
why such advection does not reduce the temperature 
change in the stratosphere. In the troposphere, and 
at the surface, there is no marked mmimum of tem- 
perature a month or so after the winter solstice as 
there is in temperate latitudes. In Antarctica the 
temperature drops sharply in autumn and then 
fluctuates about a low mean until the spring, when 
it rises sharply again. 

The year to year temperature changes in Antarc- 
tica are as large as those in the interiors of a con- 
tinent of the temperate zone, amounting to more 
than 10 deg. C. in the winter months. Thug, in August 
1958 Byrd station in West Antarctica was 13 deg. C. 
colder than in August 1957. 

By comparing recent observations on the Ross Ice 
Shelf with earlier ones as far back as those of 
Amundsen in 1911-12, Wexler is able to deduce the 
secular change of temperature. It is found that the 
mean annual temperature has risen by 2-6 deg. C. 
since 1911, which compares with a rise of 6:2 deg. C. 
at Spitsbergen over the same period. 
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EFFECT OF TEMPERATURE ON GROWTH IN WEIGHT AND 
TAIL-LENGTH OF INBRED AND HYBRID MICE 


De processes of acclimatization to 
high temperatures have been investigated for a 
number of organisms, but the effects of temperature 
on growth have received little attention. It is known, 
however, that growth in body-weight in the few 
subjects studied is greatly influenced by oxternal 
temperature, and that there exists an inverse relation- 
ship between temperature and body size. It has 
also been shown for some organisms that buffering 
against external environment is better in first-genera- 
tion hybrids than in inbreds. These considerations 
were kept in mind in recent experiments carried out 
by Prof. G. A. Harrison, Mr. R. J. Morton and Dr. 
J. 5. Weimer*. 

The material studied consisted of four inbred 
strains of mice and the six possible hybrids between 
them. Reciprocal crosses were included. It is 
shown that growth in body weight is partly determ- 
ined by environmental temperature (70° F., 61° F. 
(control) and 90° F.). The weight of young heat- 
treated mice usually increases more rapidly than that 
of the controls, but at later ages the latter generally 
grow more rapidly. The magnitude and direction 

* Phil. Trans. Roy. Soo, of London -Biologica Sciences. 
No. 605, Vol. 242 Ce aike 1959) : re Brorth ie Visine end 
Tall Length of are and Hybrid Mice Toarca at Two & 


Tom eratures, 


Prof. Q, Harrison, J. Morton and 
Dr. J. 8. Weiner. a oe 479-516. Aee wat Boclety, 1059.) 12s, 


SCIENTISTS AND 


HE description of the Laboratory of the Govern- 
ment Chemist in State Service (40, No. 3; March 
1960) is a reminder that Government concern with 
scientific research is no new thi Even earlier 
examples were the Royal Observatory (1675) and the 
Geological Survey (1835), and later the Patent Office 
(1852), the National Physical Laboratory (1903), 
the Medical Research Council (1913), the Department 
of Scientific and Industrial Research (1916) and the 
Agricultural Research Council (1916). 
Quite apart from research to meet the needs of the 
Services, Government research must be under- 
taken in order that the Executive may reach all its 
decisions on the best possible scientific advice, and in 
order that aspects of national life for which industry 
is either unable or unwilling to undertake responsi- 
bility shall not be neglected; aspects of such are 
fire, corrosion, afforestation, river pollution, coast 
erosion as well as problems in the building, transport 
and mechanical engineering fields. The new challenge 
of outer space is also throwing up problems calling 
for Government initiative in research and co-ordina- 
tion. 

The Institution of Professional Civil Servants 
believes that not only the scientific needs of govern- 
ment in the modern industrial State, but also the 
scientific needs of the State itself, can be adequately 
met only if the government is fully responsible for 
much research work. But the majority of the 
administrative class of the Civil Service appears to be 
proud of its scientific ignorance. This attitude is a 


of the environmentally determined responses depend. 
on the particular genotype. 

Growth of F, hybrids in the two environments is 
more similar than the growth of their inbred parents, 
and differences in hybrid response are smaller than. 
the corresponding inbred differences. 

Hybrids in any one environment usually have a 
smaller variability than homozygotes—indicative 
of their greater homeostasis. One inbred resembled 
the hybrids m weight variance and weight responses, 
and the important conclusion emerges that in- 
breeding does not necessarily mean marked 
reduction in somatic fitness. The authors, how- 
ever, do not put forward any explanation of this 
circumstance. It is perhaps possible that, as in 
maize, resistance to inbreeding may he genetically 
determined. 

Growth in tail-length is also in part determined by 
environmental temperature ; the higher the tempera- 
ture the faster the growth-rate, and the longer the 
tail. The magnitude of the response again depends 
on genotype, though maternal environment, plays 
some part. Hybrids have a smaller variabilt) in 
both environments, and the totality of the evidence 
supports the hypothesis that the hybrids have a 
greater developmental flexibility than the inbreds. 

8. ©. HAELAND 


ADMINISTRATION 


grave handicap which could be partially overcome 
through a leavening of the Administrative Class by a 
deliberate policy of moving scientists into it. 

One major difference between government research 
establishments and those in industry is that the 
scientists in the latter frequently have the opportunity 
to move into production and other fields of manage- 
ment. 

In this respect the government service lags behind 
industry. The introduction of men with a scientific 
background into executive departments would be of 
benefit to both. Such scientists should undergo a 
period of administration to fit them to make a full 
contribution to the art. 

When this type of movement occurs there should 
be no differentiation, either financially or otherwise, 
between the scientist-administrator and his colleagues 
trained in other disciplines. The transfer of scientists 
to administrative work should not be as if to a higher 
sphere of activity, but to introduce into administra- 
tion scientists suitable for administrative duties. To 
ensure the maximum opportunity to develop and 
demonstrate administrative ability, much more 
use should be made of secondment to the headquarters 
offices of their department at all levels. 

Apart from such administrative opportunities, the 
young scientist could obtain valuable experience in 
connexion with his own research work if he were 
encouraged to take an independent view and to 
express his opinions on his own work and the research 
programmes of his establishment. Research work is 


No. 4723 May 7, 1960 


essentially a team activity and can only benefit from 
free discussion among members of the team. Unhap- 
pily, in all too many government laboratories there is 
little or no consultation of this kind. He should also 
be encouraged to make outside contacts, both indus- 
trial and academic. Among outside activities which 
should be actively encouraged in government research 
establishments are those connected with the work of 
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technical schools and colleges, particularly lecturing 
in their own field. These activities could be of value 
not only in broadening the experience and outlook 
of the research workers taking part in them but also, 


by reason of the contacts brought about, in helping 


the colleges to understand what is required of them 
in the changing fields of science and technology. 
T. H. HAWKINS 


QUANTITATIVE CYTOCHEMICAL OBSERVATIONS ON A SPECIFIC 
NUCLEOPROTEIN REACTION IN CELL NUCLEI 


By Dr. E. A. BARNARD 
Zoology Department, King’s College, London, W.C.2 


N application of micro-spectrophotometry to a 

specific protein cytochemical reaction is reported 
here, forming part of an attempt to understand the 
significance of a particular bonding observed in 
nucleoprotein m cell nuclei, 

It hag been shown! that a particular component 
of the nucleoprotein of cell nuclei can be distinguished 
cytochemically, by chromogenio reaction with a 
suitable diazonium hydroxide, after all other diazo- 
coupfing groups in the specimen have been blocked by 
anhydrous benzoylation. The component responsible 
for this reaction was identified (in the case of chicken 
erythrocyte nuclei) as composed of histidine residues 
in the nucleoprotein. The reaction appears to locate 
a specific and rather labile bonding between this set 
of histidine residues in the protein and another set of 
groups in, or associated with, the nucleic acid. 

The conditions for obtaining satisfactory micro- 
spectrophotometric measurements with this reaction 
have now been found to be as follows, Freeze-drying 
is the most suitable method, both on theoretical and 
empirical grounds. If the cytological preservation is 
inferior or variable, the staining is decreased or is non- 
uniform in distribution through the specimen. Sections 
or smears can be used; but the present resulte were 
all obtained on smears of disrupted fresh tissue. 
Errors dus to the cutting of nuclei are thus avoided. 
It is of interest that freeze-substitution (in alcohols) 
virtually abolishes the reaction, both in smears and in 
sections. The smears (on cover-slips) were immediately 
quenched and frozen-dried in a version of the Edwards 
and Co. tissue dryer modified for this purpose and 
incorporating a nitrogen ‘cold finger’ ; the temperature 
over the smear surface must be uniform (for example, 
— 50°). 

The dried smeara are fixed in absolute ethanol and 
treated as previously described'. Moisture must be 
excluded until after benzoylation. Of the naphthols 
tested, H acid (l-amino-8-naphthol-3 : 6-disulphonic 
acid) gives the best results in the spectrophotometry. 
The stained, washed specimens are stored in immer- 
sion oil (Shillaber’s) up to the moment of measure- 
ment. 

The scanning, integrating micro-spectrophoto- 
meter of Deeley! was used, with a crushing condenser. 
This apparatus has been shown to give precise 
measurements of the Feulgen stain in nuclei*. Of 
several mounting media tried, only glycerol gives 
technically adequate resulte, but a slow extraction 
of the stained component begins to occur after 1-2 
days in glycerol. 


Frog erythrocytes were used as standard test 
objects. A uni-modal distribution of the nuclear 
stain, with small spread (S.E. 2—4 per cent) is obtained. 
Variation between sets of cells in different specimens, 
prepared from the same blood sample and treated 
identically, was shown to be insignificant (P > 0-5), 
Coupling with tetrazotized dianisidine (0-015 per 
cent) gives a plateau of maximum stain production 
for exposures from 14 to 30 min. at 2°. The coupling 
with H acid at the second diazo group shows a 
plateau over the range 5-15 min. exposure at 2° 
(followed by warming-up to room temperature for 
20 min.). The length of the exposures to ethanol, or of 
storage in immersion oil prior to measurement, does 
not affect the intensity. 

After a benzoylation period of up to 1 hr., unblocked. 
cytoplasmic stain remains, but after longer periods 
the cytoplasm is fully blocked, and the nuclear 
intensity is constant for benzoylation times of 2-20 
hr. This confirms the previous conclusion from visual 
examinations, that the component involved shows & 
qualitative, and not only a kinetic, difference from 
other cellular constituents in its behaviour towards 
benzoyl chloride. 

Frozen-dried mouse tissues have been examined 
(Figs. 1 and 2), using the conditions established for 
maximum staining. The parenchymal cells of mouse 
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Fig. 1. Distribution of stain in mouse cell nuclei. A, typical 
mouse kidney sample; B, typical mouse liver sample ; = iiiehaded 
area, apparent non-parenchymal cells 


448 


> Š 


pi 
© 


No. of calls per class 





0 12 24 
Stain. (a arbitrary unite) 
inoar scale 


Fig. 2. Distribution of stain in typical sample of mouse sperm 


liver show a tri-modal distribution, noticeably 
similar to that of deoxyribonucleic acid revealed by 
the Feulgen stain on this tissue’. The ratio of the 
mean values is fairly close to 1:2:4, and it is 
presumed that the three classes present correspond 
to the diploid, tetraploid and octaploid classes of 
rodent liver. However, an additional class is present 
here (unshaded area in Fig. 1) with a lower amount 
of stain. This separate, lowest class appears to 
consist of non-parenchymal liver cell nuclei (derived 
from connective tissue, blood vessels, bile ducts, etc.). 
Some of the larger non-parenchymal nuclei may 
well be included, however, in the lowest ‘diploid 
parenchymal’ class (and possibly vice versa), due to 
difficulties in cell recognition in the smears. 

With mouse kidney (Fig. 1) a uni-modal distri- 
bution is obtained, again similar to the distribution 
of deoxyribonucleic acid in the tissue. However, the 
mean value for kidney does not quite coincide with the 
‘diploid’ value for the stain in the liver of the same 
animal, and there is a highly significant variation 
between animals in this kidney value. Samples of 
kidney tubule cell nuclei from 8 adult mice, main- 
tained under identical conditions (and fed ad libitum, 
stock diet 18, J. Rank Ltd.), each gave distributions 
similar in form to that shown in Fig. LA, but the mean 
values ranged from 48-8 (S.H. 1-2) to 83 0 (S.E. 2-5) 
units, with a coefficient of variation (C) between 
animals of 18 per cent. There was no correlation with 
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age between 8 weeks and 6 months. Differences 
between multiple samples from single animals were 
insignificant. Standard frog blood smears processed 
simultaneously with all mouse imens gave 
constant results. It is concluded, therefore, that a 
real individual variation exists in the amount of this 
component in the nuclei of kidney tubule cells of these 
animals. 

The ‘diploid’ values for mouse liver appear to lie 
in & narrower range (72-4, S.E. 4-7, to 82-6, S.E. 2-8, 
C = 6 per cent), although only 4 animals could be 
examined. (The present results assume that Beer’s 
law is obeyed, but since the crushing method puts all 
the extinctions, as actually measured, into the same 
range, any possible errors are minimized.) 

It is clear that the distribution of this nucleo- 
protein component shows both similarities to, and 
marked differences from, that of deoxyribonucleic 
acid. It closely follows deoxyribonucleic acid in 
intranuclear distribution’, including location on the 
chromosomes in mitosis, and simuarly in its corre- 
spondence with the ploidy classes in liver parenchymal 
cells ; but the value in sperm is much less than would 
be predicted on the deoxyribonucleic acid basis 
(Table 1). Even in somatic cella, however, the 
amount of this component is not determined by the 
deoxyribonucleic acid content alone, as can be seen 
from the results on liver non-parenchymal cells and 
on frog red cells (Table 1). 

Since the liver ploidy classes normally correspond 
to classes of increasing cell size, a correlation with the 
latter variable might be suggested. Attention is 
directed to a correlation, at least for tissues where 
the required data are available, with the protein 
content of the nucleus (Table 1). The latter has been 
determined in mouse tissues on an individual cell 
basis by means of interferometry by Davies et al.*; 
a fourth, lower class in mouse liver is similarly found. 
Since nuclei isolated in salt solution were used in 
those measurements the quantity involved is 
probably not the total nuclear protem, but a major 
(and leas-soluble) fraction thereof, largely consisting 
of those proteins associated with the nucleic acid. 

It seems likely that the observed variability of the 
stain in kidney tubule cells, which is in contrast to 
the constancy of their deoxyribonucleic acid content, 
is derived from unknown individual differences in 
physiological or metabolic states. The relative 
constancy of the stain in sperm heads and in frog 
erythrocytes, and its variability in kidney tubules, 
suggest that the component in question is concerned 
in cellular activity. 


Table 1 


Species 


Mouse 
(C67 strain, males) 


Frog 
(Hana temporaria, 
males) 
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ta of Alfert et al. (ref. 11) on rat liver, by Millon mi try. 


roteln per nucleia 


per nucleus* Ethel (relative) She: ee 

0-15 0-15 25 
0 50-0 51 oa 5 
100 1 00 roj 5 
1 8-19 21 1 10 
3-5-8 7 ret 3 6f 20 
0 8683-1-1 N.D. 5 
0:75 N.D 16 
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It 1s not, however, inferred that this histidine 
component is distributed uniformly throughout the 
nucleoprotein, but rather that the amounts of this 
component appear to be related to nuclear activities 
which in turn appear to be associated, perhaps 
, directly, with the total nucleoprotein content. 
It is not yet possible to assign these histidine groups 
to an identifiable fraction of the nucleoprotein. 
However, it is of interest that recent X-ray diffraction 
studies’ indicate that protein bridges form in the 
nucleoprotein of the nucleus on drying ; these have 
properties, notebly disruption by water, similar to 
those observed here. A possible interpretation, 
therefore, is that histidine side-chains (and perhaps 
others) are involved in these bridges. On this view, 
the present reaction locates specific sites of potential 
hydrogen-bonding, situated on certain protein sur- 
faces in the deoxyribonucleic acid-protein complex 
ani related to nuclear activities. 

A detailed study of the method will appear else- 
where’, I should like to thank Prof. J. F. Danieli 
for his unfailing interest and encouragement ; Prof. 
J. T. Randall and Dr. M. H. F. Wilkins, for the use of 
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instrumental facilities m the Medical Research 
Council Biophysics Research Unit, King’s College, 
and Dr. B. M. Richards for valuable help in con- 
nexion with the micro-spectrophotometry. Part of 
this work was aided by the British Empire Cancer 
Campaign and by the Nuffield Foundation. 
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COMPARATIVE STUDIES OF YEASTS 


By J. A. BARNETT 


Low Temperature Research Station, Cambridge 


N attempt ıs being made m this laboratory to 

develop improved methods for olassifying 
yeasts. Present knowledge of the many different types 
of yeast and the methods for distinguishing between 
them is largely due to the work of the Delft school-¢ 
under the influence of Kluyver". This group of 
workers has developed the first thorough classification 
of both the sporing and non-spore-forming yeasts’, 
the only other major work in any way comparable 
being that on the classification of the spore-forming 
yeasts by Kudriavzev*. 

The main divisions in the Dutch classification of 
yeasts depend on their ability or inability to form 
spores and on morphology, although some biochemical 
characteristics are used chiefly for differentiating 
species’. Unfortunately, the factors which influence 
sporulation in yeasts (except for Saccharomyces 
cerevisiae) are scarcely understood. To make a 
yeast sporulate it may be necessary to culture it on a 
large number of alternative media; if, nevertheless, 
sporulation is not observed, it still does not follow 
that the yeast is incapable of forming spores. A further 
difficulty is that it is often impossible to define 
precisely the morphological criteria used. It is 
sometimes necessary, for example, to decide whether 
the buds of vegetative cells “arise on a more or less 
broad base’’’?, whether they have formed pseudo- or 
‘true’ mycelium, whether they are ‘lemon-shaped’, or 
whether the spores are “‘round or oval, reniform, 
bean- or sickle-shaped, Saturn- or hat-shaped, hemi- 
spherical or angular, fusiform or needle-shaped’’’. 

The biochemical tests used by the Dutch school 
were in the first place mainly fermentation tests (that 
is, ability to produce gas, under fairly low but 
unknown oxygen tension, from glucose, galactose, 
sucrose, maltose and lactose’-*) and, secondly, growth 
tests using these sugars as sole sources of carbon*. 


In 1948, Wickerham® employed additional sugars, 
as well as glycosides, sugar alcohols, organic acids 
and other sources of carbon for growth tests, and he 
applied these new tests, to the classification of the 
genus Hansenula’. Kudriavzev*® has also used many 
compounds for growth tests and this use of a large 
number of carbon sources has become popular among 
yeast taxonomists. 

Although the widespread use of these growth tests 
has increased knowledge of the biochemical potentiali- 
ties of many kinds of yeast, most of the tests are ill- 
understood and not carried out under well-defined 
conditions’**4. The Dutch workers have used 
auxanogrąms* 4,10 ; yeast cells are inoculated into a 
molten agar medium which contains all the growth 
requirements except one, such as a source of carbon ; 
the medium is poured into a Petri dish; alternative 
carbon sources are placed on the agar surface and the 
presence or absence of growth observed. Kudriavzev’s 
growth tests were carried out on slopes of medium, 
each containing a single carbon-source*. Wicker- 
ham?’ used defined liquid media, contained in 
unshaken tubes to which alternative carbon- or 
nitrogen- sources or vitamins were added, and the 
growth response was judged by eye (as for the auxano- 
grams and for Kudriavzev’s tests). It is, however, 
practicable to measure growth in liquid culture by 
photoelectric methods, using shaken T-tubes which 
provide uniform growth conditions for the tests?,1*, 

As standard biochemical techniques have been 
introduced, it has become possible to develop a 
comparative study of yeasts which is based mainly 
on their biochemistry. In this work, imprecise and 
subjective morphological observations are avoided 
and there is no need to search for spores. Work 
towards this end is bemg carried out in this laboratory, 
and it is hoped to develop taxonomic procedures so 
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Tabie 1. 
Yeast 


Bretanomyess spp. { B sean 


Kloeekera apiculata (NOYO 
pee PONA NOTU 77, 178 and 231) 
Saccharomyces andifaciens (OBS 685 and 739 ) 
Saccharomyces ballii (CBS 680) 

Bacohatoinyess 


yess marzianus (NCYC iit and 243, OBS 712 and R 


that each test will then reveal the presence or absence 
of a single enzyme, as suggested by Clarke, For 
example, according to Wiles, Candida guilliermondtt 
grows when the coumarin glycoside, æsculin, is the 
sole source of carbon, but Candida kruset does not. 
Is the reason for this difference that C. kruset lacks 
a suitable glycosidase or that it 1 poisoned by the 
æsculetin liberated by hydrolysis’*“? Is the same 
cause responsible for the comparable difference he 
described between Hansenula anomala and Kloeckera 


CH,OH 
CHOH. 
J eX + 
SS pa = J- O } 0 
Aisculim Glucose Ataculetin 
(glycoside) (aglycone) 


apiculata ? As a further example, yeasts of the 
species Saccharomyces cerevisiae and Saccharomyces 
aotdifaciens are unable to use exogenous intermediates 
of the tricarboxylic acid cycle (for example, malate, 
succinate, citrate) as sole sources of carbon for growth 
or respiration, while Saccharomyces drosophilarum 
and Saccharomyces marxianus are able to do sot. 
Since this distinction is now used by taxonomists%?, 
it is important to know whether it is due to differences 
m a major metabolic pathway or whether it reflects 
some difference of transport mechanism across the 
plasma-membrane™, or sometimes the one and 
sometimes the other. A third example is provided 
by the work of Wickerham’, who characterized nine 
out of fifteen species of Hansenula as unable to use 
erythritol as æ sole source of carbon for growth. 
It is important taxonomically to be aware of three 
alternative possible reasons for this inability : failure 
of erythritol to penetrate the plasma-membrane ; 
lack of a suitable dehydrogenase ; or lack of a kinase 
capable of phosphorylating the erythrulose formed 
from the dehydrogenation of erythritol. 

It bas already been possible to throw a little light 
on some of these questions by working with cell-free 
extracts and comparing their behaviour with that 
of intact cells. There are indications that yeasts 
contain a number of different §8-glucosidases and that 
the phenolic aglycones liberated by their action are 
inbibitory not only to growth but also to the mitial 
hydrolysis of the glycoside itself1%**, There is 
evidence of the occurrence of the tricarboxylic 
acid cycle both in yeasts that are capable of using 
exogenous mtermediates of the cycle, and also in 
those that are noti. This makes it likely that the 
differences between these two types of yeast are in the 
accessibility of these acids to the enzymes of the cycle. 

Recent work on Brettanomyces species™® involved 
@ study of their growth on polyols. The results of 
this work suggest the presence in these yeasts of a 
polyol dehydrogenase of the type described by 
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Blakley™.**, capable of oxidizing sorbitol and ribitol, 
but unable to attack mannitol, erythritol or galactitol. 
However, recent taxonomic literature®,®,1°,23,34 - 
gests that Bertrand’s p-mannitol dehydrogenase*,*# 
is more common among yeasts than the Blakley 
enzyme. Bertrand’s enzyme oxidizes sorbitol, ribitol, 
mannitol and erythritol (Fig. 1 and Table 1). If the 
Bertrand enzyme is widespread, the frequent inability 
of these yeasts to use erythritol could be explained by 
postulating that it does not penetrate the plasme- 
membrane. Such suppositions must be checked by 
work with cell-free extracts, which may show the 
situation to be vastly more complicated than has 
been suggested, Meanwhile, it is mistaken to consider 
sorbitol utilization as a single test when yeasts may 
be found to possess at least three different enzymes 
which occur m other organisms and are capable of _ 
converting sorbitol to fructose or to sorbose*,™,%7, 
The need for understanding the tests used for 
classifying yeasts has been emphasized from time to 
time by taxonomists. For example, Wickerham?? 
held that the growth tests on various nitrogen sources? 
were spurious because the yeasts could grow on all 
these sources when given an adequate supply of 
vitamins ; and Kudriavzev* considered it important 
to know whether the enzymes involved in fermentation 


CH,OH CH,OH 
HCOH* CH,OH CH,OH 
HOOH HOCH ACOH? o 
abor noon ndon ~ nbon 
HOOH noon  ndom noon 
buon bion buon OH 
Sorbitol Fructose Ribitol Ribulose 


Transformations achisved by the Blakley enzymes : 
L-idtiol dehydrogenase 


(This enzyme also converta L-iditol to t-sorbose (ref. 22) ) 


CHOH CH,OH 

HUOH HCOH CH,OH CH,OH 

HOCH HO HoH bon 

udom udon udon» ubon 

ndor do undone boo 
dmon det on baon baon 
Sorbitol Sorbose Ribitol Ribulose 

a a i tose by ths Bertrand enzyme 
(This enzyme also converts mannitol to fructose, ito] to erythru- 


lose, D-arabitol to D-xylulose (ref. 25).) 


Fig. 1. Speerfielty of two polyol pany (Asterisks indicate 
airangement of hydroxyl sroupa E das the enxyme shows stereo- 
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tests are adaptive. But very little has been done 
so far to apply methods of metabolic biochemistry 
to the study of different kinds of yeast, although the 
work that has been started along these lines, and has 
been briefly described above, suggests that it will 
prove rewarding. Not only should it make it easier 
to classify yeasts by making the experimental work 
more precise, it should also help to produce a stable 
classification ıf this is devised in such a way that 
each test is designed to reveal the presence or absence 
of a single enzyme",4,!", It would also make yeast 
taxonomy more useful to biochemists and micro- 
biologists in research and industry who want to 
know the chemical potentialities of each named yeast. 


? Stelling-Dekker, N. M., Verh, Akad. Wet. Amat., Sect. 2, 28,1 (1981). 
t Lodder, J., “Die Anaskosporogenen Hefen: Krate Halfte” (N.V. 
Noord-Hollandsche Uitgeveramaatachapptj, Amsterdam, 1984). 

* Diddens, H. A., and Lodder, J., “Die Anaskosporogenen Hefen : 
Zweite Hälfte (N.Y. Noord-Hollandsche Uitgeversmaatschapplj, 
Amsterdam, 1942). 

* Lodder, J., and Kreger-van Rij, N. J. W., “The Yeasts” (North 
Holland Publishing Company, Amsterdam, 1952). 

* Kamp, A. F., La Rivière, J. W. M., and Verhoeven, W., “Albert 
Jan Kluyver. His Life and Work” (North Holland Publishing 
Company, Amsterdam, 1969). 

* Kudriavyaev, V. L, “The Systematics of Yeasta” (Academy of 
Solences of the U.8.8.8., Moscow, 1954). 


NATURE 


45] 


T Lodder, J, Slooff, W. O., and Kreger-van Rij, N. J. W., “The 
Classification of Yeasts’ in Cook, A. H., “The Chemistry and 
Biology of Yeasts’’ (Academic Press, New York, 1958). 

* Wickerham, L. J., and Burton, K. A., J. Bact , 86, 868 (1948). 

* Wickerham, L. J., Tech. Bull. U.S. Dep, Agric., 1029 (1951). 

1° Barnett, J. A., and Ingram, M, J. App. Bact., 18, 131 (1955). 

= Barnett, J. A., and Swain, T., Nature, 177, 183 (1956). 


11 Barnett, J. A., Ingram, ML, and Swam, T., J. Gen. Microbiol., 15, 
529 (1956). 


* Barnett, J. A., Leeuwenhoek ned. Tijdschr., 23, 1 (1957). 

u Barnett, J. A. (anpublished work). 

aa cin J. A., and Kornberg, H L., J. Gen. Microbiol. (in the 
press). 


oe Miso B. O., and Hinshelwood, C., Proc. Roy, Soc. B., 189, 575 


7 Clarke, P. H., J. Gen. Mitcrotnal , 12, 887 (1955). 
z Wies, A. B., Wallerstein Laba. Commun., 17, 259 (1954). 
1 Mitchell, P., Biochem, Soc. Symp., 16, 78 (1959). 
1 Van der Walt, J. P., and Van Kerken, A. E., Leemwenhosk ned, 
. 25, 146 (1059). 
u Blakley, R. L., Btochem. J., 48, 257 (1951). 
2t MoOorkindale, J., and Edson, N, L., Biochem. J., 87, 518 (1954). 
2 A J., and Knapp, E. P., Leeuwenhoek ned. Tijdschr , 28, 117 
u Phaff, H. J., Miller, M. W., ond Shifrine, M, Leswmwenhosl ned, 
Tajdachr., $2, 146 (1950). 
s Arous, A. 0., and Edson, N. L., Biochem. J., 64, 885 (1956). 
** Cummins, J. T., Cheldelin, V. H., and King, T. E., J. Biol, Chem., 
226, 301 (1957). 
1 Shaw, D. R. D., Biochem. J., 84, 394 (10586). 
2 Wickerham, L. J., J. Bact., 528, 298 (1948). 


A ROLE FOR THIOL AND DISULPHIDE GROUPS IN DETERMINING 
THE RHEOLOGICAL PROPERTIES OF DOUGH MADE 
FROM WHEATEN FLOUR 


By R. FRATER, Dr. F. J. R. HIRD, H. J. MOSS and J. R. YATES 


Departments of Biochemistry and Agriculture, University of Melbourne 
and Victoria State Laboratories, Victoria, Australia 


N 1940 it was rec by Sullivan, Howe, 

Schmalz and Astleford! that thiol groups and 
disulphide bonds were involved in de ing the 
properties of dough. Due to lack of adequate 
experimental methods for determining these group- 
ings, the precise connexion remained unknown. 
Recently, however, there has been a renewed experi- 
mental interest in the role of sulphur from the point 
of view of disulphide exchange reactions*. 

We report here some definitive experiments which 
allow the formulation of a hypothesis that relates 
strength and elasticity of dough to thiol groups, 
intermolecular disulphide bonds, and the rate at 
which they mterchange. At the same time, evidence 
18 presented which explains the action of certain 
unprovers in terms of disulphide interchange. The 
experiments were carried out with one flour only—a 
commercial, unbleached flour milled from Victoman 
F.A.Q. wheat. 


Thiol and Disulphtde Content of Flour and Extracts 
of Flour 


Thiol and disulphide groups were measured in the 
whole flour and extracts of flour by amperometric 
titration, of excess methylmercuric iodide’. This 
reagent was added with the dispersing medium in 
order to limit oxidation of thiol groups during the 
preparation of the dispersions. The results are given 
in Table 1. For convenience the results are expressed 
on the basis of 300 gm. of flour, as this was the weight 


Table 1. THIOL AND DIRULERIDS CONTENT OF FLOUR AND FLOUR 
CTS 
Thiol and disulphide contents selene’ on basis of 800 gm. air-dried 
our 





Per- 
umole | centage 
—_ of total 
nitrogen 
Whole flour Water on 184 100 
Whole flour Urea 3 4 ) dispersion| 450 2,220 
Saline extract | Urea (8M) dispersion| 174 840 
Saline extract | No urea 132 28 7 
Residue from 
sahne extract; Water suspension 52 76 3 
Residue from 
saline extract; Urea (8 Af) dispersion; 280 1,560 


used in the rheological expermments. The flour 
contained 12 5 per cent moisture and 1-41 per cent 
nitrogen. It can be seen that the flour and both 
fractions derived from it contain thiol and disulphide 
groups. Further, only a proportion of the total 
thiol groups found in the presence of urea are readily 
available for reaction in aqueous suspension with 
methylmercuric iodide. It is likely that these thiol’ 
groups measured in aqueous suspension more nearly 
represent those available for disulphide bond exchange 
reactions. Both saline-soluble and gluten proteins 
can therefore play acceptor and donor parts in such 
reactions. It 1s apparent, too, that the saline-soluble 
fraction on a nitrogen basis is richer in thiol and 
disulphide groups than the gluten fraction. As the 
gluten. fraction is less soluble, mobility of protein in 


proteins. 


Reaction of Thiol Groups with lodate, Bromate, 
Persulphate, Chlorate and N-Ethylmaleimide 


Oxidation of glutathione, as a model compound, by 
10date, bromate, persulphate and chlorate has been 
followed spectrophotometrically by the method of 
Boyer’. Fig. 1 shows that of the oxidizing agents 
used, iodate acts very rapidly, bromate and persul- 
phate slowly, and chlorate not at all. Similar results 
have been obtamed with cysteine. Chromatography 
with phenol/water showed that in the case of cysteme 
the main product is the disulphide cystine, with 
small amounts of cysteinesulphinic and cysteine- 
sulphonic acids. Table 2 shows that gluten reduced 
with sodium borohydride also has its thiol groups 
oxidized at similar rates by iodate, bromate and 
persulphate. A full account of the oxidation of thiol 
groups by iodate, bromate and persulphate is in 
preparation and will be presented elsewhere. It is 
of interest that the rates of oxidation of thiol groups 
by the oxidizing agents used are closely paralleled 
by their well-known rates of action as improvers in 
the bread industry1?.*, 

Table 3 shows that the addition of i1odate and 
N-ethylmaleimide to suspensions 
of flour brings about a considerable 
decrease in the readily available 
thiol groups. In a qualitative 
way, these decreases support the 
inferences drawn from the effect of 
these reagents in the rheological 
experiments described later. Quan- 
titatively, however, it is likely 
that, when mechanically mixed, 
the decrease in total thiol groups 
of the dough would be greater 
than that obtained with suspon- 
sions of flour. 


Control 








um chloride and the reagents indica 
2,220 ywmoles disulphide ; 
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100 79 Š Table 2, OXIDATION O¥ REDUCED oe BY Bromatx, IODATE 
AND a 
lodate Reduced gluten (10 mgm./i0 ml.) finel ely au ended in citrate buffer 
0-5 Af at pH Ox agent (1° added ın 1 ml, After 
90 appropriate ale me thylmereuri iodide ed and excess pei 
ined amperometrically. ts calculated on basis of moles/105 gm 
80 Moles of —-SH groups expressed per 10* gm. by 
Iodate Bicmate ersulphate 
It & 
70 ; 2 
P 0 
3 80 0 
a Persulphate ay 
k T 
3 50 . 
8 40 O Table 8. RBACTION OF gs GROUPS OF FLOUR WITH IODATR AND 
py HYLNALHIMIIDE 
Bromate Flour (1 gm) suspended in 0 624 M sodium chloride (10 ml.) and 
| iodate and N-ethylmaleimide added in amounts indicated after 
80 0 reaction time of 6 min. ; Baer ee OL O eee Bodini chonde 
| was then added. Restdual thiol groups were then estumated od 
amperometric titration with methylmercuric iodide, Results 
: culated to 800 gm. flour which contained 180 moles of readily 
20 available thiol groups 
10 Chlorate Todate N-ethylmaleimide 
l apea aaraa ame a oe o o o a. 
Ze a Tholin flour | N-cthylmale- | Thiol in flour 
0 mormi Todate added suspension imde added suspension 
0 j 5 å i (umole) (umole) (umole) (umole) 
Time (hr.) 0 180 180 
Fig. 1. Oxidation of glutathione by iodato, persulphate, bromate ie ibi Ole 
chlorate plotted against time at pH 6-0 and 28°. Concentration 30 138 96 e 
of glutathione, 6-67 x 10~* AY; oxidizmg agents, 2 x 107? M 75 126 90 
w i 
. dough would be due more to the saline-soluble 1,500 96 





Action of lodate, N-Ethylmalelmide and Cysteine 
on the Rheological Properties of Dough 


The rheological properties of the dough were 
studied i the commercial instrumentse—the 
Brabender farinograph and extensograph. These 
instruments respectively measure resistance to 
mixing against duration of mixing, and resistance to 
extension against distance extended. 

Fig. 2 shows that the presence of iodate and 
N-ethylmaleimide alter the mixing properties of the 
dough intially in such way as to increase the resis- 
tance to mixing and later to lower it. Similar 
responses on farinograms have been shown by 
Mecham!. The effects of iodate and N-ethylmaleimide 
are even more marked when measured with the 
extensograph (Fig. 3). (See also Goldstein.) 

From the known chemistry of iodate (Fig. 1) and 
N-ethylmaleimide (Table 3 and Friedmann et al.*), 
the effects obtained can be related to the disappear- 
ance of thiol groups. In the case of iodate there is 
the further possibility described earlier, of formation 
of new intermolecular disulphide bonds which would 
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be expected to strengthen dough. In the case of 
N-ethylmale:mide, there seems to be only one 
possible explanation of the effects observed, namely, 
the disappearance of thiol groups prevents disulphide 
interchange by removal of one of the necessary 
components. Expressed m another way, & stable 
intermolecular disulphide network that does not 
yield to stress is formed——the result being a tough, 
non-extensible or stabilized dough. 

Figs. 2 and 3 show also that mixing of dough 
stabilized ın this way destroys certam of the bonds 
responsible for resistance and at the same time 
increases the extensibility. It follows from these 
observations that, even in untreated doughs, the rate 
at which the shearing forces are apphed during 
mixing will affect the rheological properties of the 
product, depending on the rate at which the exchange 
reactions can keep pace with the rate at which the 
stress is applied. 

The effect of concentration of 1odate and N-ethy!}- 
maleumide when mixed with the dough for 1-5 mm. 
is shown in Fig. 4. It 18 not possible to say whether 
these two reagents have reacted completely with the 
thiol groups in the dough under the mixing conditions 
used but, assuming complete reaction, a rough 
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quantitative estimate (a maximum) of the number of 
thiol groups involved in the observed effects can be 
put at 33 per cent of the total thiol groups. With 
N-ethylmalermide, the figures, with this proviso, 
are more certain as this reagent is monofunctional. 
In the case of iodate, however, there can be no 
certainty, as the oxidation may proceed within the 
two extrenies : 


103 + 6RSH — I=+ 3R-S-S-R + 3H,O (D) 
10; + RSH —> I- + R-80,H (2) 


However, leaving aside the question of stoichio- 
metry in the reaction between iodate and the thiol 
groups of flour, its effect ıs very similar to that of 
N-ethylmaleimide at similar concentrations. 

The effect of adding varying concentrations of 
cysteine to the dough can be seen in Fig. 2 and Fig. 5. 
With moreasing concentration, strength decreases ; 
and at the higher concentrations the extensibility 
is g0 great that the instruments cannot measure the 
resistance. The figures presented express cysteine 
added as percentage of total disulphide bonds broken, 
but reduction in the strength of the dough would be 
due not only to destruction of intermolecular disul- 
phide bonds but also to an mereased rate of their 





eet tA ate 






a 
Pir ff ay, ett 







~ 






CONTROL Opara S ray YY ji 
s: nt ged ra ee e Ja! ue TU f it fii oan Le 
Pe ig svn iett R ieee Fr Pie 
X mil “ ras H’ rey Thaigh , Tear à bn 


Extensibility (cm.) 


Fig. 3. TER eae showing effect of mixing time on Counts treated with amounts of iodato and N-ethylmaleimide in molar pro- 


rilons to the thiol grou proni in the do 300 gm 
= a ane io 


dough was too 


MENG TME 





our, 183 mi water). 
handle and further times could not be investigated 


EFFES; OF CONCENTRATION OF 
tS MORITES 


After 3 mun. mixing with N-sthyimaleimmide, the 


ae 


1ODATE ON EXTENSOGRAM 






8 5 
[= a P 
3 oe caw” EFFECT OF CONCENTRATION OF N-ETHYLMALEIMIDE ON EXTENSOGRAM ideas) Meriase 
~ s ppm r ~ per re gh wue ete pore — -mey + _— ae 
& ae ae i nr Ea oy oa Pi ; me oe 15 MINUTES MINUTES i fos eoa an rf alle si 
z a Sa ae b i Ea = x £ i kys á — $ á + a Sy sacs 
re iA BESS a -oa AET. f e k ; ' » * 7 


1 


a Pee Ba ry 1 ae E > 
Tet ih ae aor 
Fs e yt r sÍ ” 
at n 4 








Bee {em.) 


Fig. 4. Water (163 ml) contamung 6 gm, sodium chloride and mereasi 
The percentages indicated refer to equival 


which contained 450 nels thiol groups. 


amounts of oae and N-ethylmalemmude acted to 300 gm. flonr 
of reagent in relation to thi 


ol groups present. 
the case of iodato, caloulations were made on baasis of 6 "RSH + 10,” -— R-S-S-R + 3 Ha 


-= o = = = | 






PEF 


Me ee a oe » GERST 
vie if We: 
4 on ees 





“merear 


i ee | 
= 


NATURE 


a mene EFFECT OF CONCENTRATION OF CYSTEINE _ON EXTENSOGRAM 
~ MANG Tie 15 MINUTES 


if =i 


Jy mie TL Any tia Ad 

ort Sarei Hpg ET ri 

r tat hoen e a 7 + A 
ier ore 4 ar} A . pý 
an 4 


ave 





ey "ts 1960 vor 186 


m oe om me ie w - -in ~ ~] 


q eusann -uar ?) we s = 


Ef aE: CE Md PO E, 


eee cies arms EMAN 















- +n 


40 
Rxtensibility (cm.) 


Fig. 5. 


Extensograms showing the offect of increasing amounts of cysteine. 


For conditions and disulphide content of flour, see Fig. 2. 


Percentages given repreeant u~molea cysteine in relation to umoles disulphide present in the flour 


interchange. However, it can be stated that only 
small percentage changes in these bring about a 
marked loss of strength and increased extensibility. 


Conclusions 


At any given protein content of flour, it appears 
likely that the rheological properties of dough are 
directly related to the number of intermolecular 
disulphide bonds and the rate at which they can 
interchange with thiol groups. A useful approach to 
the problem of quality differences in wheats would 
seem to be, that their related doughs differ with 
respect to either or both of these properties. In this 
respect it is likely that both water-soluble proteins 
and gluten fractions of the flour are involved. 

The action of improvers, both thiol-blocking and 
oxidizing agents, can be related to this concept, 
namely, strengthening of the dough through inhibi- 
tion of disulphide exchange reactions. In the case of 
oxidizing improvers, there is the additional possibility 
of increase in strength of dough through formation of 
new intermolecular disulphide bonds. The preference 
in industry for bromate over iodate as an improver 
can. be related to the slower oxidation of thiol groups 
by the former, leading to the slow development of a 
stable structure during the preparation and baking 
of the dough. The action of reducing agents in 
destroying the structure of dough can be interpreted 
both as lowering the number of intermolecular 
disulphide bonds and/or increasing the rate of their 


exchange. 


In the discussion so far, emphasis has been 
placed on the quantitative importance of inter- 
molecular disulphide bonds and their rate of exchange 
in determining the strength of the dough. However, 
components other than proteins and other types of 
bonds pley a part in determining the total rheological 
properties. In this connexion it is suggested that 
hydrogen bonding between the amide groups of the 
large number of glutamine residues of gliadin’ play 
& major part in determining the solubility properties. 
Intermolecular disulphide bonds could then be 
regarded as stabilizing the more fluid hydrogen- 
bonded system. 
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EXPLORATORY BEHAVIOUR IN THE RAT* 


By ROGER G. A. STRETCH 
Psychological Laboratory, University of Sheffieldf 


ECENT studies have shown that a rat, con- 

fronted with novel, environmental stimulation, 
manifests much investigatory activity. This explora- 
tory behaviour reduces the ‘newness’ of the stimula- 
tion, so that as the situation becomes familiar 
exploration. diminishes. 

Berlyne!* has been concerned with developing a 
theory to account for the satiation of curiosity 
responses in rats. In this he employs Hull’s* two- 
factor theory of inhibition. A temporary decline in 
exploratory behaviour is attributed to accumulation 


* Based on a paper at the York mecting of the British Association 
read on Se arp ps er 8, 

T Present address. Department of Parasitology and Entomology, 
Liverpool School of Tropical Medicme. 


of reactive inhibition, while a more slowly developing, 
permanent decline 1s interpreted in terms of the 
acquisition of a conditioned resting-response, that is, 
conditioned inhibition. These terms require some 
explanation. Reactive inhibition may be thought 
of as a negative drive state akin to avoidance of pain. 
It is an inhibition produced by response and resembles 
fatigue ; and it ig believed to be dissipated during 
periods of rest. If rest periods are too short to allow 
for dissipation of reactive inhibition when responses 
are being elicited contmuously, there develops an 
increasingly strong tendency for the cessation of 
response. When resting occurs, a quantity of reactive 
inhibition is dissipated. Dissipation of reactive 
inhibition during rest constitutes reinforcement, so 


\ 
+ 


- 


NG. ee May l, 1960 i 
< 6> 


START BOX 





Fig. 1. A plan of the maze used. Exploratory activity was 
measured by counting the number of 8-in. unita an animal entered 
m each minute. These are shown by the broken lines on the figure 


that the response of resting becomes conditioned to 
whatever stimuli are present in the situation. This 
acquired tendency to rest is conditioned inhibition. 

Thus Berlyne showed’: (1) rats enter an alcove 
in an exploratory box more frequently if it contains a 
novel object (for example, a wooden cube) than if it 
` isempty ; this supports the view that a novel stimulus 
evokes the curiosity drive; (ii) the amount of 
curiosity declines rapidly with continuous exposure 
to a novel object ; this decline is interpreted in terms 
of the accumulation of reactive inhibition, primarily ; 
(iii) there is a relatively permanent decrement in 
curiosity after initial exposure; rats enter the alcove 
of an exploratory box to investigate a novel object 
less frequently as daily trials proceed and this is 
taken to support Berlyne’s application of conditioned 
inhibition to explain the adaptation of curiosity 
responses. 

While Berlyne found evidence to support this 
theory, Montgomery’ did not. Working at Yale 
University, Montgomery studied exploratory behavi- 
our in simple maze environments. Typically, rats 
are placed in an H-maze, the alleys of which are 
marked out in 12-in. units. The number of units an 
animal enters in each minute of a 10-min. trial 
constitutes a measure of exploratory activity. Rats 
tend to enter many units initially, whereas few are 
entered towards the end of a trial. Montgomery also 
found that if a 10-min. trial is given each day, there 
is full ‘recovery’ of maze exploration. Therefore, he 
concluded that conditioned inhibition was not 
applicable because he could find no evidence for a 
permanent decrement in exploratory activity. 

Berlyne stated, in reply: ‘‘We can only hazard 
the suggestion that maze runways present a large 


assortment of novel stimul, so that a ten-minute” 


exploration period may not allow enough time to 
satiate the curiosity aroused by most of them to the 
point at which a permanent decrement occurs” (ref. 
2, p. 245). However, he did not test this supposition. 
Thus, a controversy continues to exist, and an 
experiment was designed to clarify it. 

The apparatus consisted of an enclosed H-maze, 
the main dimensions of which are shown in Fig. 1. 
The walls of the maze were 6 in. high, and the maze 
was covered with plate glass. The centre piece of 
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_the H was painted white and the two arms grey. 
Each alley was marked off in 8-in. segments. The 
maze was placed in an arena 6 ft. square, and 4 ft. 
high. This enclosure was constructed with metal 
strip, and covered with butter-muslin. Thus, the 
maze was enclosed in a relatively homogeneous: 
environment. Further, it was illuminated by three 
red 15-W. lamps suspended above the maze. These 
afforded a low but even source of ilumimation. 
During the maze trials, the room was in darkness, 
so that the butter-musln enclosure provided an 
efficient one-way screen, that ıs, the observer could 
watch an animal with little danger of distracting it 
by his own movements. An anımal was placed in the 
starting box for 1 min. before the door was raised, 
thus allowing a brief period of adaptation before 
any trial commenced. 

The subjects were 15 male albino rate of 110 days 
of age. Of these 15 animals, 6 were ‘non-reactive’, 
and 9 were ‘reactive’. These animals were the off- 
spring of breeding nuclei of the 10th generation of 
Maudsley Reactive and Non-reactive strains, respec- 
tively, which originally formed a part of a selective 
breeding study of emotionality which is bemg con- 
ducted at the Institute of Psychiatry (Maudsley 
Hospital), Animal Psychology Laboratory, London’. 
(I am indebted to Dr. P. L. Broadhurst for allowing 
us to purchase this stock for use in Sheffield.) Unfor- 
tunately, it was not possible to submit these animals 
to the open-field test at the time of this experiment, 
although this technique? was used ın later work. 

After each anima] had been habituated to handling, 
they were assigned randomly to one of three groups, 
designated A(20), B(40) and C(60), respectively. 
There were five rats per group. On day 1, each 
animal recerved a 20-min. trial m the maze. On 
day 2, group A(20) received a 20-min. trial, group 
B(40) a 40-min. trial, and group C(60), a 60-min. 
trial. This procedure was repeated on days 3 and 4. 

After the appropriate trial on day 4, the animals 
were returned as usual to their home cages, where 
they remained, untouched, for 9 days. On the 
tenth day, each animal was given one 20-mm. trial 
in the mazo. Throughout the experiment, all animals 
were supplied with food and water ad libitum, except 
when in the maze. 


The number of maze units entered m each minute 


of a trial constituted the measure of exploratory 
activity. 


Mean No. of units 





Fig 2. Mean number of maze umts entered m the first 20 min. 
by each of the groups during their daily trials 
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Four main results emerged from this work. These 
may be seen from Fig. 3. In the first place, there 
were no significant differences between the groups 
in amount of exploration during the 20-min, trial 
of day 1. Nor were any differences found between the 
reactive and non-reactive rats on day 1. (The results 
were analysed by non-parametric techniques.) 

Secondly, a comparison of the mean amount of 
exploration on day l with tha on day 2 revealed a 
significant increase for the 15 rats taken as a whole. 
Further analysis showed that the reactive rata were 
mainly responsible for this, in that their day 1 to 
day 2 mcrease was significant (P = 0-05), whereas 
that of the non-reactive animals was not. 

Thirdly, differences between the groups failed to 
reach significance on ‘day 3. However, on day 4, 
the difference in exploration between groups A(20) 
and C(60) during the first 20 min. was highly 
significant (P = 0-004). The difference between 
groups A(20) and B(40) did not reach an acceptable 
level. 

Lastly, the differences in mean exploration scores 
after a period of 9 daya absence from the maze reveal 
a decrement for those rats given extended periods of 
exploration during the first phase of the experiment. 
The difference between A (20) and B(40) was significant 
at P = 0-05 (two-tailed test) ; the differance between 
group A(20) and group C(60) was significant at a 
more acceptable level (P = 001). However, the 
mean difference between group 8(40) and group 
„C (60) was not significant. 
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The first result, namely, the day 1 to day 2 mcrease 
in exploration, has not been reported, previously, 
by other imvestigators. However, it has been 
suggested that novel stimul may elicit fear as well 
as curiosity’, and this effect may be due, therefore, 
to the extinction of fear responses elicited during the 
first trial. This view gains support in that emotionally 
‘reactive’ rata manifest this mcrease more markedly 
than ‘non-reactive’ animals. Further research is needed 
to test this hypothesis. 

With regard to a controversy concerning the per- 
manenoy of a decline in exploratory tendencies after 
repeated exposure, the results of this experiment 
lend support to Berlyne’s position. They suggest 
that Montgomery failed to allow rats sufficient time 
to explore a novel environment to the point at which 
a more permanent decrement occurs. More research 
is needed to confirm the adequacy, as opposed to the 
usefulness, of Berlyne’s hypothesis. However, a 
neurophysiological basis for the mhibitory concepts 
of this theory may be found in experiments’? concern- 
ing habituation of the arousal response in cats. 

I am indebted to Dr. Peter McKellar for supervision 
and help in conducting series of experiments of 
which the present experiment is a part. 

* Berlyne, D. B., Brit J. Psyehol., 41, 68 (1950), 

1 Bertyne, D. B., J. Comp. Physiol, Psychol., 48, 288 (1955). 

* Broadhurst, P. L., J. Comp. Phyxiol. Psychol., 61, 55 (Lupa) 
‘Aull, 0. L., “Prinotples of Behaviour” (1843). 

* Montgomery, K. 0., J. Comp. Phynol, Peychol., 48, 129 cis: 
* Montgomery, K. O., J. Comp. Physiol. Psychol,, 48, 254 (1955) 
t Sharpless, S., and Jasper, H , Brain, 79, 655 (1956) 


THE AFFINITIES OF THE NEW OLDUVAI 
AUSTRALOPITHECINE 


R. L. S. B. LEAKEY recently reported in Nature! 

the discovery of an essentially complete hominid 
skull without mandible from site FLK at Olduvaı 
Gorge. He regards the specimen as an australo- 
pithecine that differs more from either of the two 
known genera, Atistralomithecus and Paranthropus, 
than, these two differ from each other. He therefore 
erected the genus Zinjanthropus to accommodate the 
new specimen. 

The description consists largely of a list of twenty 
‘major’ differences between the new specimen and 
the two previously known genera. Some of these 
points cannot be dealt with as they are briefly stated 
in terms which are not useful by themselves for com- 
parison. Others, for example, continuous nuchal 
crest, enlargement of the mastoid area, prominent 
temporal lines, large areas for masseter attachment, 
etc., do not each represent a separate difference ; 
all are reflexions of the fact that this specimen is a 
httle larger and more muscular than the known South 
African specimens of Paranthropus. In at least one 
case (nuchal crest) comparison with the latter speci- 
mens is not possible since there is no known male 
specimen. with the relevant area preserved. The 
remainder are not real differences and will be dealt 
with briefly : 

(1) The inion is lower relative to the Frankfort 
plane: In both A and Paranthropus 
the base of the external occipital protuberance is 
almost exactly in the Frankfort plane, as seems to be 
the case with the Olduvai specimen. 


(2) The posterior wall of the occipital bone rises 
more steeply to form, witb the parietals, a very high- 
vaulted posterior region of the skull: This is also the 
case in Paranthropus, less so in Australoptthecus. 
Paranthropus hes an almost spheroidal brain-case 
which is relatively low and narrow anteriorly oy 
steep-sided and higher posteriorly. Aus 
has a brain-case more nearly like that of a dolicho. 
cephalic modern hominine. The Olduvai specimen 
has the Paranthropus type of brain-case. 

(3) The form of the tympanic plate is different : 
Dr. Leakey demonstrated this point to me on the 
specimen to make clear his meaning. This feature 1s 
variable in Paranthropus and includes an instance of 
close resemblance to the Olduvai specimen. The 
observed range of variation 18 illustrated in Fig. 1. 
Being thus variable, it is in any event a feature of low 
phyletic valence. 

(4) The very unusual position of the nasion— 
almost coinciding with glabella: This is true of 
Paranthropus and in at least some cases of Australo- 
pithecus also. In Paranthropus, as in the Olduvai 
specimen, the nasals are relatively very wide near 
the nasion. 

(5) The very great absolute and also relative width 
of the inter-orbrtal area. The proportionate width 
of the inter-orbital area to that between the external 
orbital angles 1s 26-6 in the Olduvai specimen ; 
26:2 (SK 846), 25 3 (SK 48) in two specimens of 
Paranthropus. A single specimen of Australopithecus 
gave a value of 24:1, while a random sample of eight 
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Fig. 1. Variation of the tympanic bone at the lateral end of the 

external auditory meatus in P from Swartkrans 

(SK 48, SK 52 and SE 848). The Olduva: specimen resembles 
in this feature the condition Wlustrated in the middle diagram 


modern human skulls gave a range of 23-4-30 5. No 
taxonomic significance can therefore be attached to 
this pomt on the present evidence. 

(6) The very deep palate which ia even more 
markedly like that of Homo than Australopithecus, 
and is quite unlike the form seen in Paranthropus : 
In Homo, the degree of vaulting of the hard palate is 
variable, but the difference in depth at the incisive 
fossa, and the back of the palate is normally relatively 
slight. This is true also of Australopithecus. The 
palate of Paranthropus differs in that it slopes more 
markedly; that is, there is always an appreciable 
difference between the anterior and posterior depths 
—in. some cases there is no depth at all anteriorly, in 
others the anterior depth is appreciable. The 
Olduvai specimen shares this characteristic of 
relaéively much greater posterior compared to anterior 
depth, reflecting the Paranthropus condition, not 
that of Homo and Australopithecus. 

(7) The shape and arrangement of the zygomatic 
‘proceas of the maxilla: The Olduvai specimen has a 
relatively poorly developed zygomatic process, the 
lower border of which passes almost horizontally 
from the zygo-maxillary suture to the main body of 
the maxilla. In some specimens of Paranthropus the 
process passes from the zygo-maxillary suture down- 
ward and medial-ward at a fairly sharp angle like an 
inverted flying buttress. However, SK 52, of the 
same dental age as the Olduvai specimen, has a trace 
only of the buttress and SK 846 (mature adult) has 
no trace of it, a8 in the Olduvai specimen. 

(8) The relatively greater reduction of the canines 
in comparison with the moler-premolar series than is 
seen even in Paranthropus : As the marked change of 
proportion between anterior and cheek teeth occurs 
in Paranthropus and the Olduvai specimen between 
canine and P%, the degree of reduction can be measured 
by the ratio between the modules of these two teeth. 
The ratio for the Olduvai specimen is 64-9 while 
that for three specimens of Paranthropus ranges 
from 61-8 to 78-8. 

(9) In the species diagnosis Leakey refers to the 
presence of a sagittal crest “at least posteriorly”. 
The reason, for this statement is not clear, since the 
crest occupies & position identical to that in Paran- 
thropus—on roughly the middle third of the distance 
between glabella and inion. In neither form is the 
sagittal crest known to reach as far back as the planum 
oceipitale or even the posterior part of the sagittal 
suture. 

It seems to me that the most fruitful approach to 
an understanding of the australopithecine skull, 
within the framework of hominid structure, is in 
terms of diet and the nature of the dentition. Austra- 

i , 88 an omnivore eating at least a moderate 
amount of flesh, has a dental apparatus very similar 
to that of the older hominines. The relative sizes 
of the teeth along the tooth row are closely similar, 
as is the arrangement of the dental arcades. The 
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anterior teeth, especially the canimes, are well 
developed, but the post-canine ones only moderately 
so. The skulls are also similarly constructed except 
for the relatively small cranium, compared to the 
face, of Australopithecus. 

In Paranthropue the situation is very different. 
Here the anterior teeth, set in an almost straight line 
across the front of the palate, are appreciably reduced 
in size compared to those of Australoptthecus, while 
the post-canine teeth are appreciably larger. This 
difference in arrangement and proportion is very 
striking and is characterized by the very small 
canine tooth set firmly against a massive premolar. 
All this must clearly have functional meaning. 
The massive crushing and grinding teeth, the relatively 
unimportant anterior teeth and frequent damage to 
the enamel which could only have been caused by 
amall, very hard particles (presumably grit), and the 
large size of the animal suggest a predominantly 
vegetarian diet. Concentration of heavy dental 
function in the post-canine region has strongly modi» 
fied the skull architecture. The massive cheek teeth, 
especially the molars, have strongly developed root 
systems and hence are set in heavy bone, and the 
back of the palate is relatively deep. Owing to the 
heavy chewing forces, the palate is thick, the jaws are 
massive, especially where supporting the cheek teeth, 
the zygomatic arches are strongly built, the circum- 
orbital bone is strong in the stressed areas, the strongly 
stressed pillars on, either side of the pyriform a 
are thick and the medial and lateral pterygoid plates, 
especially the latter, are large and strong. However,° 
the large dental battery requires heavy musculature 
to operate it—hence further changes from the 
Australoptthecus and hominine pattern. The areas of 
origin and insertion of these muscles are sturdy ; 
hence the large surface area of the mandibular ramus, 
the massive zygomatic arch—which also is widely, 
spaced from the brain-case to allow for the very large 
temporal muscle—large medial and lateral pterygoid 
plates, clearly defined temporal lines, sagittal crest 
and apparent prominence of the supraorbital tori. 
The large muscles associated with the large and 
chunky animal result in well-defined muscular ridges 


on the occiput and the prominence of the mastoid: 
area—assisted by the large temporal muscles which ° 


necessitate apprecieble lateral extension of the 
zygomatic arch. Ib is probable also that the large 
temporal muscles have influenced the shape of the 
brain-case anteriorly to help produce the low and 
narrow shape characteristic of Paranthropus. As is 
ugual in relatively massive skulls where large surface 
area is necessary, some reduction of weight has 


occurred by increased pneumatiam. The mastoid ' 


region (not the mastoid process alone) is strongly 
cellular and the air spaces m the skull base, the 
maxille and the frontal bone are all very large. 

The curious and characteristic features of the 
Paranthropus skull, which parallel some of those of 
the gorila skull and mark it off so clearly from that 
of Australopithecus, are all functionally related and 
determined largely by the specialized diet of this 
creature as compared to all other known hominids. 
These functional and structural differences indicate 
clear adaptational differences between the two forms 
and hence also differences of evolutionary direction. 
In modern systematics, adaptational differences of 
this order and nature are normally accorded generic 
rank. 

The features of the Olduvai specimen fit the Par- 
anthropus pattern as here outlined very accurately— 
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the differences being almost entirely of the sort shown 
to be variable within a single population by the sample 
of nearly 200 specimens of Paranthropus now in the 
collections of the Transvaal Museum. The chief 
feature of the Olduvai form which does not fall 
within the observed range of variation of this collec- 
tion is size. The best size comparison is with the 
only male specimen with good teeth which has 
PM" preserved in sequence and is of the same 
dental age as the Olduvai specimen. The latter is 
only 8:4 per cent larger. The average percentage 
difference for five skull and dental series dimensions 
compared to those of a fully adult female skull 
is 17-4 per cent. As Schultz has shown in a number of 
papers, intra-specific variation in measurable primato 
anatomical characters can often greatly exceed the 
above values. 

The validity of separate specific status is not clear 
on the basis of the single specimen, and it is perhaps 
wisest to leave it as distinct. In the light of the 
above analysis, however, separate generic status 
seams unwarranted and biologically unmeaningful. 
I therefore propose that the name of the Olduvai 
form be Paranthropus boisei (Leakey). 

J. T. ROBINSON 


Transvaal Museum, 
Pretoria. 


1 Nature, 184, 491 (1959). 


THE exact taxonomic label that should be applied 
to the skull that I have named Zinjanthropus, from 
"Olduvai, and which I described in Nature of August 
16, 1959, seems to me relatively unimportant at the 
moment. Inevitably, different scientiflc workers have 
different ideas of what characters justify specific, 
generic, and even superfamilial rank. After all, this 
is purely a question of artificial labels. 

Dr. Robinson and I agree that Zinjanthropus 
boisei is closely related to the Australopithecinae ; 
we agree that it has certain resemblances to Paran- 
thropus, and we disagree mainly ın that he believes 
the differences to be msufficient to justify separato 
generic rank, while I think they do. 

It is hard enough to reach agreement among 
zoologists on the taxonomic status of living primates, 

« under conditions m which we possess the skull, 
skeleton, skin and viscera for study, and it will 
always be much more difficult to do so when we 
have only fossils to guide us. I can only say that the 
very considerable additional work that I have done 
on the Zinjanthropus skull since my preliminary 
report in Nature has greatly strengthened my view 
that it is entirely different from Australopithecus 
and Paranthropus, differing from both these genera 
more than they do from each other. 

I do not feel that any useful purpose would be 
served by entering into a Jong discussion with Dr. 
Robinson in Nature at present, since the more 
detailed study of the Olduvai skull which is now in 
hand will not, I hope, be too long delayed. However, 
Dr. Robinson makes certain statements which may 
mislead those who read them, unless I comment on 
them. I will therefore do so as briefly as possible. 

First of all, whereas in Paranthropus and Australo- 
pithecus (as Dr. Robinson says) the external occipital 
protuberance lies more or less on the Frankfort 
plane, in Zinjanthropus it lies below it. 

Robinson’s description of the brain case of Paran- 
thropue as ‘“‘almost spheroidal”, but also “relatively 
low and narrow anteriorly but steep-sided and higher 
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posteriorly”, does not seam to make sense, for the 
two statements seem to cancel each other out. In 
any event, such a combined description does not fit the 
brain case of Zinjanthropus. - 

Robinson ilustrates the range of the tympanic 
plate (see in profile), m Paranthropus. None of 
these three illustrations closely resembles the tym- 
panic plate of Zinjanthropus, although the one to the 
left appears to be rather closer than the middle one. 

Without knowing the points at which Robinson 
measures inter-orbital width and external orbital 
width, I cannot comment upon his comparisons of 
his Paranthropus figures with mme for Zinjanthropus. 

As to the morphology of the palate, I do not know 
upon what evidence Robinson is basing his statement, 
since I have published no measurements of the palatal 
depth in Zinjanthropus. I must repeat, however, 
quite categorically, that the morphology of the 
Zinjanthropus palate ın no way resembles that of 
Paranthropus. 

I cannot accept Robimson’s statement that the 
zygomatic process of the maxilla in Zinjanthropus 
is “relatively poorly developed” ; I would say rather, 
as I have said before, that 1t is developed in an 
entirely different morphological manner from Paran- 
thropus. 

As regards the position of the sagittal crest, m 
Zanjanthropus ıt ceases to be a crest and divides into 
two temporal lines well behind the line drawn vertac- 
ally through the ear when the skull is on the Franffert 
plane. In Paranthropus (in all the published photo- 
graphs), the sagittal crest extends a long way forward 
of such a vertical line through the ear when the skull 
is on the Frankfort plane, and it is therefore wrong 
to say, as Robinson does, that “the crest occupies a 
position identical to that in Paranthropus”. 

Finally, I do not understand the significance of 
& comparison of “the ratio between the modules of 
these two teeth”, that is, the canine and P. Robin- 
son has defined a module as the sum of the length 
and breadth of a tooth divided by two, and I am at 
& complete loss to understand how the ratios of 
modules can have any significance. It must be 
obvious that one can have on one band a canine 
tooth 16 mm. long and 6 mm. wide (module equals 
11), and a premolar 9 mm. long and 7 mm. wide 
(module equals 8), while in another specimen one 
could have a canine which measured 11 mm. x 
11 mm., and a premolar which was only 5 mm. long 
and 11 mm. wide, yet the ratio of the modules in the 
two sets of teeth would be identical, but completely 
without significance. 

In any event, the ratio between the canine and the 
premolar alone cannot have any bearing upon the 
relation, of the canine size to the total molar—premolar 
series, unless the premolar bears a constant relation 
to the total post canine series. 

I therefore repeat my statement that in Zinjan- 
thropus there is a relatively greater reduction of the 
canines in comparison with the total molar~premolar 
series than is sean in Paranthropus, and maintain 
that Robinson has in no way disproved this statement. 

I agree with Robinson that we need to study the 
Australopithecus skull structure and dentition in 
terms of dict and mode of life, and I shall certainly 
do so as far as Zinjanthropus is concerned in my fuller 


report. 
L. 8. B. Learny 
Coryndon Museum, 
Nairobi, 
Kenya. 
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LETTERS TO THE EDITORS 


PHYSICS 


Comparison of the Charges of the Electron, 
Proton and Neutron 


We have noted the communication from Bondi and 
. Lyttleton! criticizing our experiment’ and we would 
like to clarify the alleged obscurities. 

Bondi and Lyttleton suggest that a supply of 
electric charges may be detached from the walls of 
the nozzle, and that if the gas is not electrically 
neutral it will attract these charges into the gas until 
it is neutralized. For this mechanism to work two 
conditions must be satisfied. First, it is necessary 
to find a process for the production of free charges, 
and secondly, a process which arranges that tho 
charge carried away by the gas is controlled by the 
space-charge field, so that charge is carried away 
just until the space charge has been neutralized. 
We examine these two conditions in turn. 

(1) The observed probable upper limit of the 

-charge of the emerging gas was 3 x 10-4 
coflomb on 81 litres, or 3-6 x 10! coulomb/m.*. 
Consider whether a gas with five times this space- 
charge density (that is, 1-8 x I0! coulomb/m.®) 
could produce neutralizing charges. Such a space- 
charge would produce a field intensity, E, of 
5 x 10+ V./m. at the surface of the tube, which is 
too small by a factor of 10* to produce field emission 
of electrons and too small by a larger factor for the 
production of ions. Surface ionization, the capture 
of an electron from an impingeing atom, resulting 
m a surface charge can Jeco es Sl it is energetically 
possible. In the present case, tho ionization potentials 
of argon and nitrogen are 15:6 and 14:5 volts 
respectively, whereas the work function of brass is 
only about one-third of these values. Proportional 
counters have been operated successfully with a 
continuous flow of gas and with fields at the walls 
- many orders of magnitude greater than #,, indicating 
that the flow causes no production of ions. Presum- 
ably dust or water drops would have to be present 
in the gas in order to liberate charges from the walls, 
which is not the cage in our experiment. 

(2) We now consider the motion of charges 
supposed to be released at the wall surface. The 
field due to the space-charge is far from “amply 
sufficient to drag along charges”, for in addition to 
the field E, acting on the charge there is a field due 
to the image charge in the conductor attracting the 
free charge back, and this exceeds Æ, within 1-0 mm. 
of the wall (or more than a third of the cross-sectional 
area). Also there are contact potential differences 
of the order of 10 mV. between different points of 
the brass surface, giving field intensities of ~ 1 V./m. 
Even in the latter field, ions or electrons would move 
much faster by thermal diffusion than their average 
motion along the lines of force. Hence the motion 
of any ions or electrons liberated from the surface 
by friction would be determined mainly by random 
diffusion (modified by turbulence), to a lesser extent 
by the irregular surface fields, with the space-charge 
fields a few thousand times weaker still. Equilibrium 


ion and electron densities must therefore be determ- 
ined mainly by the rates of production and of diffusion 
loss, and in any eventenot by making the field com- 
ponent due to space-charge equal to zero. It is, ın 
fact, precisely because the motion of the charges is 
governed by diffusion that objects can become 
charged by frictional effects. In these cases the 
charges are moved in opposition to fields many orders 
of magnitude greater than those under discussion here. 

The remaining pomts referred to by Bondi and 
Lyttleton appear to arise from a misunderstanding 
of the experimental method. They state that it is 
not clear what happens to the free charges collected 
by the ion trap. Even if the fate of these ions were 
really obscure, which it is not, it is clear that the 
charges do not leave the box A which contains the 
battery. They cannot therefore influence the potential 
difference between boxes A and B. Bondi and 
Lyttleton also state that a “potential of the same 
order as would be expected in the absence of balancing 
electrons is actually applied to the very box the 
potential of which it is wished to measure”. The 
potential applied was in fact considerably larger than 
the potential measured, but the measuremonts made 
are of changes of potential. No one has ever suggested 
that the potentials of thousands of volts applied to 
the collectors of ion chambers make the small changes 
due to the collection of ions inherently more difficult 
to detect. 

Bondi and Lyttleton also have difficulty in finding 
the “‘meaning of the large ionization current in the 
air, the fluctuations of the measured current, and 
the sudden changes of potential”. The ionization 
in the air around box 4 was due to natural radio- 
activity and cosmic rays. There is a partial separation 
of charges by the contact potential differences be- 
tween. the different metals used in the construction, 
resulting in a current if a suitable compensating 
potential is not applied. The changes of potential 
involved in an experimental run (~ 10- V. at the 
input of the feedback vibrating reed electrometer) 
did not change the ionization current sgnificantly. 
The fluctuations in background current were at 
least mainly due to ions carried by air eddies (norm- 
ally one sign of ion is in excess). The sudden jumps 
of potential occurred when the pressure was changed 
in the slightly flexible outlet tubes to start the gas 
flowing: the facts that this caused a small move- 
ment and that a small movement caused potential 
changes were verified. In any event the jumps were 
independent of the amount of gaa released. 

Bondi and Lyttleton refer to the “minute difference 
of charge concerned”. In the context of the experi- 
ment, this may be misleading. The postulated charge 
difference ig equivalent to about 100 electronic 
charges per c.c. This is much larger than the charge 
density in an ion chamber under normal conditions, 
and about the same as the number of ions in air at 
sea-level. By commonly accepted standards, the 
charge involved in our experiment is quite large, but 
the fields are very small 

In addition to the comments of Bondi and Lyttle- 
ton, it has been pointed out to us by J. Leverett 
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Davis that ıt ıs possible to make a plausible extra- 
polation of our measured points which leads to an 
upper limit for the charge which is nearly twice the 
value quoted in our communication, but still too small 
to remove the conflict with the hypothesis of Bondi 
and Lyttleton. 

We do not wish to imply that our experiment is 
infallible, but we believe that if a loophole exists 
it is one that has not yet been mentioned. Never- 
theless, we consider that a hypothesis as important 
as that suggested by Bondi and Lyttleton cannot be 
dismissed by one experiment, or two of a similar 
type, and feel that it is highly desirable that other 
experiments should be made which do not depend 
on flowing ‘gases. 

i A. M. Hruras 
Department of Physics, 

The University, 
Leeds 2. 
T. E. CRANSHAW 


Atomic Energy Research Establishment, 
Harwell, Berks. 


? Bondi, H., and Lyttleton, R. A., Nature, 184, 974 (1950). 
? Hilas, A. M, and Cranshaw, T. B., Nature, 184, 802 (1959). 


Profile of Upper-Atmosphere Air Density 
at the Height 180-212 km. derived from the 
Orbit of Sputnik Iil 


THE resistance of the air to a moving object like a 
satellite causes a steady decrease of the semi-major 
axis and eccentricity of the orbit. The motion of the 
satellite grows faster and the satellite itself sub- 
merges deeper and deeper into the atmosphere at 
every revolution. When the satellite has descended 
to a certain level, where the heating from impact 
of air molecules on the frontal surface becomes great 
enough, the satellite burns out. For the purposes 
of ephemerides and for the prediction of the life- 
time of the satellite, it is necessary to know how its 
orbital elements will be changed by the resistance 
of the air-—-supposing that we have some knowledge 
of the density of the air at the height where the 
satellite is moving, and of the drag coefficient of the 
satellite. Unfortunately, these data are not usually 
known with sufficient accuracy. But we can reverse 
this problem and search for a solution of how the 
air density could be determined from observed 
changes in size and shape of the orbit when the drag 
coefficient of the satellite is known. If we do not 
know this drag coefficient (which depends on the 
size, shape and mass of the satellite), we can still 
determine at least the gradient of the air-density. 
G. V. Groves published two valuable papers!’ last 
year, in which very accurate methods for such a 
determination have been developed. The only 
assumption made here, which could be accepted as a 
general approximation, is that air-density varies with 
height according to the relation : 


1 1 
In Sm — y (h ho) +ga Ah (1) 
where pos is the density of the air at the height hoo, 
H, is the scale-height in the case of an isothermal 
atmosphere, and H, enables us to take account of 
the variation of atmospheric temperature with 
height. From the data of six different satellites with 
perigees between 180 and 650 km., Groves has found 
that, for hy, = 200 km.: 
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Poo = 3-8 xX 10- x (1 + 0:1) gm./om.-3 
H, = 46 + 5 km. 
1/A,* = (0-028 + 0-013)/46* 


In the second paper, methods have been developed 
for the determmation of H, and H, without any 
knowledge of the drag coefficient. In this case, of 
course, the determination of p is not possible. 
At the time when these papers were published, 
only a few not very accurate data of the orbits were 
avaiable. Meanwhile, the third Soviet satellite, 195882, 
was launched on May 15, 1958, and a great number 
of observations with improved instrumentation have 
provided accurate orbitel elements and their changes. 
I have analysed all the data available so far. Nearly 
100 sets of orbital elemenis have been taken into 
consideration. Not all have the same weight; it 
seems that the accuracy was improved after March 
1959. For this reason I have restricted the analysis 
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in the present communication to the time interval 
betweon March 11, 1959, and January 5, 1960, that 
is, between 300 and 600 days after launching. 

During this time-interval: (1) the perigee radial 
distance decreased from 1-03091 to 1:02824. The 
dependence of perigee radial distance g on time ¢ 
could be approximated by the equation : 


q = 1-02137 + 0-003713 log (671 — % (2) 


with @ standard deviation + 0:9 km.; (2) the 
eccentricity decreased from 0-08215 to 0-04191 in 
the same time-interval; (3) the perigee height 
changed in & more complicated manner, as shown 
graphically on Fig. 1; first, it rose from 208-7 km. 
to its second maximum of 212-2 km. at ¿ = 370 
days; after that date ıt was steadily decreasing and 
at the end of the time interval, t = 600 days, it was 
only 180-1 km. 

These changes in the perigee height were produced 
by the motion of the angular perigee distance w, 
which brought the perigee pomt above various 
latitudes of the Earth. The height-interval of 31-1 km. 
seems to be great enough to enable the determination 
of both constants H, and H, We used for this 
purpose smoothed orbital elements at twelve points 
where the perigee height was on the rising branch 
210, 211 and 212 km., and then on the descending 
brangh 212, 211, 210, 205, 200, 195, 190, 185 and 
180° km. The computation was carried out according 
to the equation : 


"q-q = $H,( + 3Ba) In = + Ba(l + 98.) +0 
(3) 


where B, = H,3/H,* and a8 = ge/(l +e). The 
integrals [J and ® depend on orbital elements and 
their changes with time and also on B, For details, 
one must refer to the original paper’. 

The result of my analysis is shown in Fig. 2, where 
q — qa — B1 + 98, — @ is plotted against In 3/s,. 
The straight line fitted to the twelve computed points 
by the method of least squares is in satisfactory 
agreement with equation 3, the mean error being 
only + 2:0 x 10° earth radi (= +0:13 km.). 
The gradient of the line, 44,(1 + 36;), is equal to 
+ 388-73 x 10-5. With this value equation 3 has 
been recomputed to determine B,; thus: 


Ba = 0-024 + 0-006 


With this value, equation 3 has been used for the 
determination of H,, and I have found : 


H, = 46-3 + 0-7 km. 


As shown by the small probable errors, both values 
8, and H, are reliably determined. They agree well 
with the values obtained by G. V. Groves'. Tho 
scale-height is again 2-3 times greater than that 
derived from various theoretical models of the upper 
atmosphere. It is also noticeable that no seasonal 
effect was detectable during 300 days covered by 
this analysis, although during the same time the 
other artificial satellites with higher perigees were 
strongly influenced by changes of air density of long 


duration. 
Z2. V BOOHNÍĞEK. 
Ul.februar.vitéz., blok A II, 
Bratislava, Czechoslovakia. 


1 Groves, G. V., Proc. Roy. Soc., A, 252, 16 (1959). 
* Groves, Q. V, Proce. Roy. Soe., A, 252, 28 (1959). 
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RADIOPHYSICS 


The Mesopause Region of the 
lonosphere ` 


In a recent communication, Gregory! suggested that 
the presence of free electrons at heights in the 
atmosphere between 80 and 90 km. may be due to 
the photo-ionization of dust which acoumulates at 
the mesopause. Rocket measurements have shown 
that the electron density at this height is about 1,000 
el.je.c. on a normal day. This is also the order of 
magnitude of electron density required to account for 
the absorption of radio waves in the D region. It is of 
interest to see whether photo-ionization of the dust 
is able to give this observed electron density. 

Noctilucent clouds are observed at the mesopause. 
While their composition. is uncertain we arrive at an 
upper limit to the density of dust by assuming the 
clouds sre composed of dust particles. From the 
luminosity and colour of the clouds Ludlam* 
estimated the particle density to be 0-01-1 particle 
per c.c. and the radius to be 1000 A.-100 À., the lower 
density corresponding to the larger radius. 

Now the shortest wave-length of appreciable 
intensity of ultra-violet radiation from the Sun falling 
on the dust particles is about 2000 A., except for the 
Lyman-alpha line (41216 A.). The total Lyman-alpha 
flux would only produce about 3 x 10-* electron 
per c.c. per second by photo-ionization of the dust 
particles, whereas a rate of production of at least 
0-06 electron per c.c. per second is required to give 
the observed electron density in this region’, Thus 
the Lyman-alphe photons can play no significant part 
in this process. A similar argument applies to short 
X-ray radiation. 

The wave-length of 2000 A. corresponds to a 
photon energy of about 6 electron-volts. The thresh- 
old energy for photo-electric ejection is about 3 
electron-volts, so that the potential of the dust’ 
particles cannot exceed 3 volts. This potential 
determines the maximum positive charge on the 
particles and hence the maximum electron density. 
This turns out to be 2 el.jc.c. for r = 1000 A. and 
20 el./c.c. for r = 100 Å., at least 50 times too 
small. 

If the number density of particles is allowed to 
increase 50 times (forr = 100 A.) to give the required 
electron density, a further difficulty arises. When an 
electron collides with a positively charged dust 
particle, there is an 80 per cent chance that the 
electron would be absorbed, so that the free electrons 
would disappear with a time constant of about 8 sec. 
Gregory, however, observes that the layer at 80 km. 
persists all night. 

While it seems probable that the layer is associated 
with the mesopause, the suggestion that it is formed 
by photo-ionization of the dust particles appears to 
be untenable. 


J. D. WHITEHEAD 


Physics Department, 
Otago University, 
Dunedin 


New Zealand. 


1 Gregory, J. B., Nature, 181, 753 (1958). 

1 Seddon, J. O., J. Geophys. Res., 68, 200 (1058). 

*ZLadlam, F. H., Tellus, 9, 341 (1857). 

4 Byram, B. T., Chubb, T., Friedman, H , and} Gallar, N , Phys.’ Reo , 
91, 1278 (1053), 

* Bates, D. R., and Seaton, M. J., Proe. Phys Soc , 63, B, 120 (1950). 
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Apparent Radio Radiation at Il-m. Wave- 
Length from Venus 


In 1956 several preliminary communications 
reported the apparent reception of 11-m. radiation 
from the planet Venus!. In particular, one com- 
munication reported coherent or quasi-coherent 
radiation, designated Class II, which was also thought 
to origmate from Venus. From further observations 
and subsequent analyses it now appears definite that 
these signals were not from Venus but were m 
all cases almost certainly interference of terrestrial 
origin. 

Regarding the reports of the noise-type of radiation, 
designated Class I, a careful re-examination of the 
results indicates that the evidence is not sufficient 
to be sure that such radiation from Venus was 
observed, Attempts by others to detect the radiation 
have also been unsuccessful’. The validity of any 
deductions based on these observations, such as the 
rotation period of the planet, is, therefore, extremely 
doubtful. 

Although some records, such as the one in Fig. 11 
of a later article’, show interferometer patterns which 
could be due to radiation from Venus, they are not 
conclusive. However, the fact that these records do 
suggest ll-m. radiation from Venus makes it difficult 
to rule out the possibility of such radiation completely. 
To determine the existence or non-existence of such 
radiation beyond any doubt, further observations 
are needed a radio telescope of much higher 
“resolution and better stability than was available in 
1956. 


J. D. Kraus 


Radio Observatory, 
Ohio State University, 
Columbus 10, Ohio. 
March 4. 
‘Kraus, J. D., Nature, 178, 38, 108, 160, 687 (1956) 
‘Smith, H. T., Astro. J., BA, 41 (1959). 
3 Kraus, J. D., Proc. Inst. Rad. Eng., 46, 266 (1958). 


An Estimate of the Peak Sunspot Number 
in 1968 


Tae smoothed peak sunspot number during the 
current cycle of solar activity attained a value in 
1958 which has not been exceeded since accurate 
observations were begun more than 200 years ago. 
Conditions in the atmosphere of the Sun near the 
epoch of peak activity, and the closely related changes 
in the ionosphere, have already been the subject of 
comment?, 

It has been suggested that the uninterrupted rise in 
successive peak sunspot numbers since 1928, and its 
culmination in the unprecedented high peak of 1958, 
may indicate that the Sun is undergoing a long-term 
change and that the next peak, which will probably 
occur in about 1968, will be even higher than that 
of 1958. The opposing view is that, since the peaks of 
1948 and 1958 were very high, the 1968 peak will bea 
very low one. These possibilities are of more than 
academico or scientific interest; they have a bearing 
on the effectiveness of the world-wide network of 
high-frequency radio-communication links, the suc- 
cessful operation of which depends on the reflexion 
of radio waves from the ionosphere. The operating 
conditions on such radio links are profoundly modified 
by changes in solar activity, and Hitchcock’ has 
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pointed out that, with the present-day overcrowding 
of the high-frequency radio spectrum, the occurrence 
of a solar cycle which attained only a low peak might 
lead to unforeseen, difficulties. 

It is of some importance, therefore, to estimate 
the probable limits within which the forthcoming 
peak sunspot number will lie. Obviously it is im- 
possible to make a precise estimate; the present 
objective is merely to examine the purely statistical 
evidence contained in the sequence of twenty peak 
values which have occurred since 1750 and to decide 
whether there are any grounds for believing that the 
next peak will be either very high or very low. The 
cycle-matching technique described by Herrinck? has 
not been used because it cannot be safely extended 
beyond the end of the present cycle’. 

From a study of the lengths of sequences of 
uninterrupted increases and decreases in the peaks 
for successive cycles, it is possible to estimate the 
probability of occurrence of a sequence of three 
increases such as that which took place between the 
peaks of 1928 and 1958. The conclusion reached is 
that such an event is not an improbable one (P~ 0-12), 
and it follows that its occurrence ought not to be 
interpreted as an indication of a long-term upward 
trend in solar activity. It is estimated on similar 
grounds that the probability of a fourth increase, 
leading to an even higher peak in 1968 than in } 958, 
is approximately 0-3. 

The range of values within which the next peak 
will lie can be estimated from the frequency distri- 
butions of either the magnitudes of the twenty 
observed peaks or the differences between successive 
peaks. From such evidence it is found that there is a 
high probability that the 1968 peak will be between 
110 and 160. The autocorrelation function for the 
twenty peaks (F) since 1750 has been evaluated, but 
the correlation coefficients differ significantly from 
zero only for Ay, Ry, and Ra, Rma The 
regression lines for these two cases have been used to 
forecast the peak in 1968; and the values obtaimed, 
with their standard errors of estimate, are 154 -+ 38 
and 97 + 36 respectively. These values are consistent 
with the range of values (110-160) based on the 
frequency distributions referred to earlier. 

The various independent estimates of the next 
peak have been combined, taking into account their 
respective probabilities and making an allowance for 
the fact that the estimates are based on a sample of 
only twenty values. It is concluded that there is a 
probability of at least 0:75 that the next smoothed 
peak sunspot number, which will occur about 1968, 
will be in the range 110-160. Thus it seems reasonable 
to expect that ionospheric and radio-communication 
conditions during the 1964-74 solar cycle will be 
roughly comparable with those which occurred 
during the 1934-44 and 1944-54 cycles. 

This communication is published by permission of 
the Director of Radio Research of the Department of 
Scientific and Industrial Research ; the work will be 
described more fully elsewhere. 

C. M. Mrynis 
Radio Research Station 
(Department of Scientific and Industrial Research), 
Slough, Bucks. 


March 18. 
Ellison, Af vee aoe 1173 (1957) Minnis, ©. M., ind., 181, 
543 (isa msmith, R., id, 181, 954 (1958). 


* Hiteheock, B. y Brit. a Electron., 6, 350 (1959). 
2 Hermnck, P., Nature, 184, 63 (1959) 
t Chadwick, W. B., Nature, 184, 1787 (1959). 
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METEOROLOGY 
Wind Profile in Thermally Stratified 
Flow 


Tue variation of horizontal wind-speed u with 
height z-in the air flowing over uniform ground is, 
in conditions of neutral equilibrium, well represented 
by the expression : 

Ou _ u* 
Gz kz 
where u* is the ‘friction velocity’, defined as u*3 = 
tjp, t being the horizontal shearing stress caused by 
the wind and p the air density. k is von Kármán’s 
universal dimensionless constant. This relationship, 
well based theoretically and amply verified by expéri- 
ment (see, for example, Sheppard’), is expected to 
apply at all heights within the layer of constant 
. shearmg stress. 

Attempts to extend this formulation to the case of 
thermally stratified flow have, however, met with 
severe difficulties, and up to the present time such 
treatments as have been given, mainly of a quasi- 
theoretical or frankly empirical nature, have met 
with only partial success and this limited to smali 
departures from the neutral state. 

Itewill be shown here that it is possible to derive a 
formal solution to the problem devoid of all arbitrary 
constants, expressing the variation of wind with 
height uniquely in terms of the shearing stress and 
the vertical heat flux H associated with the thermal 
stratification. No restriction is imposed on the mag- 
nitude of these latter quantities, and the result is 
applicable at all heights within which t and H remain 
constant 


(1) 


In a steady state of turbulence, the rate of viscous 
dissipation of turbulent kinetic energy at a given 
point, e per unit volume of air, is represented by : 


ge = t — + (2) 


g is the acceleration of gravity, c, the specific heat 
of air at constant pressure and P the temperature 
of the air. The terms on the right-hand side of (2) 
are, respectively, the rate of working of the sheari 
stress on the mean rate of strain, and the work done 
per unit time against gravity by buoyancy. $ 

I now introduce a new height variable X, defined 
according to the aa 


Gu gi 
gx z S CT 
X, which will be seen intuitively to be a function 
of z, t and H, thus permitting the combination of 
contributions from both sources of energy in the 
pseudo-shearing stress term t du/dX. 
A similarity assumption is now made that: 


(3) 


g * 
aK 7 EX (4) 


The hypothesis here is that, just as in (3), the new 
height X is able to accommodate i in the one term the 
energy supply both from the mean motion and from 
buoyancy, so in (4) it will preserve, in conditions of 
thermal stratification, the linear inverse relationship 
between wind shear and height characteristic of simple 
shear flow. It must be emphasized that, at this stage, 
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(4) is no more than a reasonable assumption the valid- 
ity of which remains to be assessed by the accuracy of 
its consequences now to be derived. 

Elimination of u between equations (3) and (4) 
leads to the differential equation : 


ax xX 





Te es s 

where L, of dimension length, has been introduced to 
ot .- 

represent — ee : (The notation here follows 


that of Monin and Obukhov’.) 
Integration of (5), invoking the condition that as 
L > œ, X >z, yields: 


X = L {exp (z/L) — 1} (6) 
from which, after a little manipulation, 
Oujdz = u*/kL {1 — exp(—2/L)}? (1Y 


A recent attempt, by Monin and Obukhov (loo. c##.), 
to solve the problem now under discussion proceeds 
by dimensional arguments to postulate that : 


HoH fief) 4a (Z) Heb. 


where the coefficients remain to be determined by 
experiment. The present formulation lends support 
to this hypothesis, as expansion of the exponential ° 
term in (7) shows. Furthermore, it follows from (7) 
that : 


2 
1+ a (F) +a (4) E 
<1 
t f = exp(—z/L) } 
Integration of (7) between the levels z, and z, 
gives : 


l — exp(z,/L) 
1 — exp(z,/L) 

A similar relation applies to levels z, and z,, whence 
division eliminates u*/k to yield : 


o oao oo 


(8) 


By numerical, or preferably graphical, interpola- 
tion equation (9) then permits the determination of L 
from observed winds, whence substitution of the 
appropriate L in equation (8) yields u*. H, the heat 
flux, can then be determined from the defining 
expression for L. 

The extensive wind observations of Monin and 
Obukhov (lec. cit.) have been analysed within the 
framework of the present analysis, and yield remark- 
ably consistent values of L and u* over the whole 
height-range of 0-5-15 metres, and over a wide 
range of stabilities. The relevant values of z/Z vary 
from —7:6 to 3-75. Furthermore, u* so determined 
accords almost exactly with its value calculated in 
an entirely different manner (involving the use of 
drag coefficient at the lowest level of wind measure- 
ment where the analysis shows the effects of buoyancy 
to be negligible). Equation (8) yields an explicit 
formulation for the ‘roughness length’, determinations 
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from which show excellent agreement. In brief, it 
may be said that the present indications are that 
the law of wind variation contamed in equation (8) 
promises to be capable of universal application with- 
out restriction as regards stability, and at all heights 
within the layer of constant heat flux and shearing 
stress. 

Analysis of other observational material is now in 
hand, and an experimental programme in progress 
designed to assess the validity of the present treat- 
. ment by comparison of its predictions against values 
of the shearing stress and heat flux determined 
directly by the eddy-correlation method. 

A full account of the work summarized here, 
together with that now being undertaken, will be 
published elsewhere in due course. 


W. C. SwInBank 


Division of Meteorological Physics, 
. Commonwealth Scientific and 
Industrial Research Organization, 
Aspendale, 8.13, 
Victoria, Australia. 
Feb. 8. 
1 Sheppard, P. A., Proe. Roy. Soc., A,-188, 208 (1047). 


* Monin, A. 8., and Obukhov, A. M., Works of the Geophysical Institute 
Acad Sof., U.S.S.R., No. 24, 151 (1954). 


GEOLOGY 


Uraninite and Thorianite 


WASSERSTEIN! suggested that the generation by 
radioactive decay of Pb‘+ of smaller ionic radu 
within the crystal lattice of uraninite caused a 
shrinkage in the unit cell proportionate to the 
geological age and the shrinkage was of the order of 
0 0025-0-0041 A. per hundred million years. The 
anomaly in the relation of cell dimensions of Bisundni 
and Gays uraninites with the age, reported by Holmes’, 
was explained by Wasserstein? by classifying uran- 
mites into two different types—«-type for Bisundni 
uraninite and y-type for Gaya uraninite, the latter 
being apparently anomalous and requiring heat treat- 
ment under oxidizing conditions in order to reduce 
the cell size to correspond to that of an «a-type 
analogue. Wasserstein did not, however, state the 
temperature and period of heating and the conditions 
‘under which the cell size of y-uraninite was reduced 
to correspond to age values consistent with those of 
the a-type. 

A number of specimens of uraninite from Bisundni 
and Gaya from the collection in the Indian Museum 
made by H. Crookshank‘ and G. H. Tipper’, and 
thorianite from Ceylon by A. K. Coomaraswamy’‘, 
were used for the present study. The cell dimensions 
of Bisundni uraninites (a, 5:436—5 -440 A.) and Gaya 
uraninites (a, 5459—5467 A.) are different from those 
reported by Waaserstein! (5-448 A. for Bisundni and 
5 481A. for Gaya). A thoria correction! of 
—0-0013 A. for each percentage thorium oxide when 
(TbhO, + UO,) totals 100 per cent wul reduce the 
cell size of Bisundni uraninite by 0-002 A. (a, 5-436 A. 
mean value) and Gaya uranimte by 0-017A. 
(a, 5:445 Å. mean value) if the ratio of uranium 
oxide to thorium oxde is calculated on the basis of 
Holmes’s analysis (Table 1). 

The finely powdered uraninite (a few mgm.) was 
heated at 800°C. im an open silica boat (1) within 
an electric muffle furnace and (2) also within a closed 
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Table 1 


Heated at 800° |- Heated at 800° 
C. for 80 min. | O. for 15 min. 
in vacuum 1n a mufe 


Indan Museum | Uraninite 
No. and locality | (UO, a,) 


Uraninite, Bisun (ex Holmes (ref. 2) ). Age 785 (+ 5) my., 
U = 72 9, Pb = 7°05, Th = 1 4 per cent 
UO: major a 
5 487, plus 


scarce 

UO, major a U,0, major, plus 
5-488, plus Xx x minor 
minor 

Uraninite, Gaya (ex Holmes (ref. 2)). 

U = 684:8, Pb = 8 92, ih = 8°12 per cen 
5-459 UO, major 

54560, plus 
soarce 


UO, major 
5-452, plus X_ 
UO, maj 

or 
5-458, plus T 
scarce 


U,0, major, plus 
x minor 


e 955 (+ 40) my., 


U,0, major, plus 
UO, miner 4, 
455, plus z 


BCaTCe 
U.O., major, plus 
A minor 


U;,0 
U0; 
5 461, 
&CATCO 


pilus 


Thorianite, Oeylon (Nag and Mousuf (ref. 7)), U = 212, 
Th = 60 2 per cent. Holmes (ref. 18), age 490 m.y., U =11 87, 
Pb = 2 80, Th = 67-03 per cent 

J 658 Thorianite| Thorianite a, 

Thorianite from | (Th,0)O, | 5-556, plus a 

a gem sand near | @4,5-575 | fow famt extra 

Kond lines 


Thorianite 
der lines 
a, 5°575, plus a 
few faint extra 
lines 


Thorianite (pow- 
der Capes s ) 
a » Peas 
extra Imes 


pow- 


Thorianite a, 
6 555, plus ex- 
tra lines 





The cell size was determined with an accuracy of # 0 003 A. using 
aluminium es internal standard with 114 59 mm. diameter Philips 
powder ste A) having two fiducial marks and copper Xa-radiation 
QA=1: ai 


silica retort tube (of 2-cm. diameter placed inside 
an electric tube furnace at 800° C.) which was con- 
tinuously evacuated to maintain a vacuum of the 
order of 10-* mm. of mercury. 

Brooker and Nuffield® observed a shrinkage of the 
cell size of uranium dioxide (on heating in vacuum 
at 900° C. for 30 min.) of the order of 0 02-0-05 A. 
depending on the degree of oxidation, the ratio of 
U* to U* in the origmal lattice, and reported the 
formation of the unknown compound X (U,0, 2). 
In the present study (Table 1) the shrinkage of the 
cell size of uranium dioxide is followed by a close - 
doubling of the higher-angle diffraction lines (develop- 
ment of an additional phase) and the formation. of 
the compound X. The oxidation of uraninite out of 
contact with oxygen suggests that in the oxygen-rich 
lattice of natural uraninite the excess of oxygen 
occupies the available interstitial positions (4 0 0) in 
six-fold co-ordination with uranium®,!°, and this 
shrinkage of cell size implies simultaneous replace- 
ment of U“ cations (1:06 or 0-97 A.) by the 
U* cations (0-80A.), that is, the substitution of 
cations of smaller ionic radii and higher charge, is 
preceded by readjustment of interstitial anions in 
the fluorite-type lattice (space group Fm3m). The 
cell size of 6-47 A. for synthetic uranium dioxide 
decreases to 5-39A. for UO,.,, but the structure is 
preserved? even when the alteration of U* : U*:0O 
ratio apparently extends up to about UO,... The 
progressive reduction of the cell size of uranium 
dioxide due to the substitution of Pb‘+ (0-84A.) for 
U* within the lattice with time (which has not been 
evaluated but only visualized by Wasserstein!.*) is 
likely to be quite negligible compared to the more 
pronounced shrinkage due to alteration of U* : U%: O 
ratio in the oxygen-rich lattice of natural uraninite. 
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Moreover, lead ın lower valency state (Pb* 1-21 Å.) is 
a greater possibility”. 

Waaserstein’s proposed classification of thorianite 
into y-type may be interpreted from the observed 
evidence on synthetic members of the series 
(UzTh,-,O,) by Anderson et al.44. On high-tempera- 
ture vacuum heating the type of mteraction*? 
between uranium and interstitial oxygen in the 
original lattice alters with the conversion of U* to 
U* and consequent shrinkage of the unit cell (Table 
l); Th* ions do not react because of their reluctance 
to donate electrons. 

I wish to thank Dr. B. C. Roy, director of the 
Geological Survey of India, for permission to publish 
this communication. 
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Silicon in the Metal Phase of Enstatite 
Chondrites 


I wave recently measured the lattice parameters of 
the metal phases from a number of chondrites. In 
five common varieties the kamacite lattice parameter 
was within the range 2-8682 + 0 0005 À This 
corresponds to an average of 5 per cent nickel in 
solid solution’, Owen and Burns! found that the 
kamacite lattice parameters from 15 meteoritic 
_ irons were within the range 3:8686 + 0-00016 A. 
This is in good agreement with the above result, and 
indicates the presence of about 6 per cent nickel. I 
also examined the kamacite from 6 enstatite chon- 
drites. In these, the lattice parameters were found 
to be abnormally low, and below that of pure iron 
(Table 1). The metal phases of these chondrites had 
previously been analysed and found to contain 
normal amounts of nickel—between 6 and 8 per cent. 
Since the solid solution of nickel ‘increases’ the lattice 
parameter of pure iron, it was mferred that appreci- 
able amounts of some other component were also 
present in solid solution and that this component had 
caused the lattice parameter to contract. 

A process of elimination led to the conclusion that 
the additional component was silicon. This is the 
only element which forms extensive solid solutions 
with iron, causing marked contraction of the lattice 
parameter, and at the same time, occurs in sufficient 
quantities in chondrites to produce the observed 
contraction. A literature survey revealed that 2 
(atomic) per cent of silicon had previously been 
recorded in the metal phase of the enstatite chondrite 
Bhlthfield*. Furthermore, in the metal phases of other 
enstatite chondrites—-Khairpur*, Daniels Kuil? and 
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PROPHRTINS OF KaMacrrm FROM ENSTATITE 


CHONDRITER 


Table I. SOME 





In all onstatite chondrites studied, the only metal phase present 
was kKamacite. 


Saint Marks‘—the analysts have commented upon an 
apparent ‘excess’ of silica, but could not account for 
ita origin. Kamacite from three of the meteorites 
has been examined by X-rays. The lattice parameters’ 
were substantially less than that of pure Iron, and 
it therefore seems highly probable that the excess 
silica found by the analysts was derived from ele- 
mental silicon in solid solution. The ical e 
results in Table 1 have been recalculated on this 
assumption. 

A sample of kamacite was magnetically separated 
from a large sample of the Pillistfer enstatite chondrite 
and purified by grinding, repeated fusion with sodium 
hydroxide and washing on a superpanner. Chemical 
analysis of the pure kamacite has indicated the 
presence of approximately 2-6 atoms per cent of 
silicon. X-ray examination of this sample again 
revealed a contraction of lattice parameter compared 
to iron. 

The variation of lattice parameters of iron—silicon 
solid solutions as a function of composition 1s well 
known’. If one makes the reasonable assumption 
that the relative variation is not greatly modified 
by the presence of 6-8 per cent of nickel in solid 
solution, it is possible to estimate the silicon content 
of kamacite from the difference between the observed 
lattice parameter and that of a normal iron—nickel 
solid solution of the relevant composition. These 
estimates are set out in Table 1. 

The above results mdicate that silicon 1s an 
important component of the metal phase of enstatite 
chondrites, the amounts present ranging between 
2 and 18 atomic per cent. This occurrence is con- 
sistent with the highly reduced state of enstatite 
chondrites, which contam iron-free silicates and 
reduced chromium, calcium and phosphorus minerals 
(daubreelite, oldhamite, schreibersite). 

Ringwood’? and MacDonald and Knopoff* have 
independently suggested the presence of substantial 
amounts of silicon in the Earth’s core. Occurrence of 
silicon in the metal phase of enstatite chondrites is 
very relevant to this hypothesis. A detailed discussion 
of the present results and their bearing upon this 
hypothesis will be published elsewhere. 

I gratefully acknowledge the gift of meteorite 
specimens by Mr. O. Chalmers (Australian Museum), 
Dr. H. B. Wiik (Geological Survey of Finland), 
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Dr. K. Fredrikeson (Geological Survey of Sweden), 
and Mr. K. R. Dawson, Geological Survey of Canada. 
A. E. Rryawoop 
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METALLURGY 


Formation of Beryllium Carbide during 
the Corrosion of Beryllium in Carbon 
Monoxide and in Car Dioxide Gas 


Previous workers! have concluded from a com- 
parison of the reaction between beryllium in dry 
carbon dioxide at 650°C. and in dry oxygen at 
650°C. under kinetic conditions that the higher 
gain In weight of the specimen in carbon dioxide was 
due to the formation of beryllium carbide, which 
rendered the beryllium oxide non-protective. How- 
ever, no metallographic evidence for the deposition 
on to the specimen of carbon, either as elementary 
carbon or as carbide, was given to support their 
hypothesis. 

More recently (Jepson, W. B., and Antill, J. E. 
private communication), experuments designed to 
mvestigate the corrosion behaviour of beryllium 
using radioactive carbon monoxide and carbon 
dioxide under static conditions have shown that 
carbon (as the isotope carbon-14) is indeed deposited 
on the beryllium. Two typical specimens from this 
work have been examined by optical and electron 
microscopy and electron diffraction at the Atomic 
Weapons Research Establishment, Aldermaston, in 
order to locate the deposited carbon and to investigate 
whether beryllium carbide was formed. 

The beryllium specimens were cut from rolled 
sheet 0:031 in. thick produced from French Flake 
beryllium. They were chemically polished and out- 
gassed before insertion into the reaction vessel. 

The first of the two specimens was heated at 700°C. 
in carbon monoxide and in this case spalling of the 
reaction product occurred. The uptake of carbon 
was measured from the decrease in count-rate of the 
gas, and the total gain in weight of the specimen was 
calculated from the measured volume of reacting 


A taper section through a piece of the specimen 
showed a well-defined boundary between the beryl- 
lium metal and the hard grey-looking scale on the 
surface, and immediately beneath this layer occurred 
@ region some 100u ın depth of extensive cavitation 
which, by comparison with a corresponding section of 
as-received metal, was concluded to have been 
produced during the corrosion. 

A reflexion electron diffraction pattern from the 
specimen surface is illustrated in Fig. 1. Measurement 
of the rings showed the presence of beryllium oxide, a 
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Above, Fig. I; 3 3 j 
Right, Figs. 2a and 2b. 
hexagonal structure with a = 2-2679 A. end c = 
4-380 A.%, and in addition, three extra rings not 
attributable to beryllium oxide. Using the oxide 
rings for calibration these extra rings were found to 
have d-spacings of 2-51A., 153A. and 1-31A. re- 
spectively. No similar patterns have been presented 
in any previous corrosion work on beryllium. The 
crystal structure of beryllium carbide (Be,C) is 
reported from X-ray observations? as of theeanti- 
fluorite type, that is, cubic with a = 4-33 A. The 
first three carbide diffractions are given as (111), 
(220) and (311) with d-spacings of 2-51 Å., 1-53 A. and 
1-31 A. respectively. The close agreement between 
the X-ray results and the present electron diffraction 
results is considered to be direct evidence for beryl- 
lium carbide having been formed during corrosion 
in carbon monoxide. 

Fragments of the corrosion product were stripped 
from the specimen using plastic films and the 
extraction replicas examined in the electron micro- 
scope. Particles ranging in sıze from 0-1 to 10u were 
observed adhering to the replica. An electron 
diffraction pattern (Fig. 25) from the edge of one 
particle of about 5u diameter, Fig. 2a (x 4,000), is 
similar to Fig. 1 and clearly shows the presence of 
beryllium oxide and beryllium carbide. Some 
extracted particles gave only beryllium oxide. 
diffractions, but no particles consisting entirely of 
beryllium carbide were observed. 

Examination of a specimen subjected to carbon 
dioxide at 700°C. again gave diffraction patterns 
showing the formation of beryllium oxide and 
beryllium carbide. 

From these experiments it is concluded that 
beryllium carbide is formed together with beryllium 
oxide during the reaction at 700°C. of beryllium 
with static carbon monoxide gas and also with static 
carbon dioxide gas, and that the carbide particles are 
dispersed within the oxide layer. 

Thermodynamical results' indicate that free 
carbon could also be formed during the above 
reactions, although carbon was not identified in 
the present electron diffraction investigation. If, 
therefore, carbon is present in the reaction products 
it must be disseminated in such a way that there is an 
insufficient quantity accessible to the electron beam 
for detection. 

Further work is in progress to study the diffusion 
of carbon into beryllium and the effect of the presence 
of the carbide phase on the mechanical properties of 
the metal. 
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Harwell, for providing the beryllium corrosion 
specumens. This work was carried out in the Crystal- 
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Weapons Research Establishment, Aldermaston, 
under the direction of Dr. A. Moore. 
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Photo-stimulated Emission of Exo-electrons 

from the Surface Layer of Amphoteric Metals 

reacting with Concentrated Sodium Hydroxide 
or Potassium Hydroxide 


Wane studymg the influence of liquids? on the 
tribo-excited emission phenomena of exo-electrons 
(Kragner effect?) from metals, we have found that the 
amphoteric metals like alummium, zine and tin as 
well as brass and some soldering alloys containing 
tin give a comparatively strong emission of exo- 
electrons when irradiated with visible light, after the 
freshly abraded surface is sprayed with strong con- 
centrated sodium hydroxide or potassium hydroxide. 

Aluminium gives this strong emission even when 
the surface is not abraded. 

This emission can also be measured from abraded 
cadmium. In this case, we think the emission is due 
to traces of zinc impurity in the cadmium. 

The intensity of measured photo-stimulated 
emission decreases with the thickness of the covering 
layer of sodium hydroxide or potassium hydroxide. 
This seems to be due to the absorption of exo- 
electrons from the metal-solution interface region. 

In darkness no significant emission is detected. 

The preliminary measurements seem to show that 
each of the amphoteric metals has a different ‘decay 
constant’ for the emission from their reacting surface 
layers. 

The emission was measured in atmospheric air 
with the aid of a point counter with a grid. The 
pulses in the counter could be completely suppressed 
by a retarding potential applied between the grid and 
the reacting metal?. 

The observed effect is not due to the exothermic 
character of the reactions. To prove it, the reactions 
of abraded zinc and aluminium with concentrated 
hydrochloric acid have been examined using the same 
experimental conditions. In neither case was any 
photostimulated emission of exo-electrons observed. 

The effect could not be observed for the metals 
iron, copper, bismuth, nickel, lead and magnesium 
when they were tested under the same experimental 
conditions. 

Magnesium, which is known to give very intensive 
emission of exo-electrons under visible light after 
the abrasion of the surface {like aluminium) but 
which is known not to be amphoteric, shows & remark- 
able decrease of emission intensity after the emitting 
surface is sprayed with concentrated sodium hydrox- 
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Aluminium, tin and 
zinc in contrast always show a strong increase under 
those conditions. 
A detailed report will be published in Acta Physica 
Polonica. 
J. WAWRZYNIAK 
B. SUJAK * 
Institute of Experımental Physics, 
University of Wroclaw, 
Wroctaw, Poland. 
March 23. 
* On leave of absence at the Olarendon Laboratory, Oxford 
1 Lewowski, T., and Sujak, B., Acta Phys. Pol. (in the press). 
***Exoalektronentagung’, Acia Phys. Austriaca, 10, 318 (1957). 
3 Sujak, B., PhystkaHeche Blatier, 15, 209 (1959). 


Thin Films of Silver-Cadmium Alloy 


We have undertaken a detailed electron. diffraction 
study of thin films of silver—-cadmium alloy obtained 
by evaporating the constituent metals consecutively 
m vacuum. Films of various compositions have been 
formed in this way and their phases and structures 
identified. 

Near equi-atomic composition of this alloy system a 
crystallographic transformation has been reported 
by many workers employing X-ray diffraction and 
other methods to occur in the bulk state’. By such 
studies it has been established that, in bulk state, 
the low-temperature §1-phase (body-cantred cubic 
ordered) structure c 
hexagonal) around 250°C., although the exact 
transformation temperature is a matter of con- 
troversy. Employing high-temperature electron 
diffraction technique, we have tried to investigate 
this transformation with the view of determining the 
exact transformation temperature in the case of thin 
alloy films. Careful and repeated observations with 
well-homogenized films about 500 A. thick, giving a 
characteristic pattern of pure 8!-phase (body-centred 
cubic structure) at room-temperature, failed to reveal 
any change at all in the phase up to a temperature as 
high as 300°C. The study could not be extended to 
higher temperatures because of the rapid volatali- 
zation of cadmium from the alloy films, leaving the 
films less rich in cadmium and consequently changing 
to «-phase. 

The details of the investigation will be published 
elsewhere. 

K. BAHADUR 


P V. SASTRY 
National Physical Laboratory, 
Hillside Road, New Dolhi, 12 
March 19. 
1 Hansen, “Constitution of Binary Alloys’, 13 (AleGraw-Hill Book 
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CHEMISTRY 
Preparation of Tritiated Water Samples by 
Distillation 


In many experiments using tritium as a tracer it is 
necessary to prepare a sample of pure water from 
organic material. During measurements of total 
body water using tritiated water in a dilution 
technique we have obtained pure water samples from 
urine by distillation. The urine is placed in a small 
vessel (Fig. 1) the bulb of which is put in an oil-bath 
maintained at 110°C. The distillate collects in the 
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Fig.1. Distillation tube 


bend of the side-arm, which 18 cooled by a piece of 
wet paper or cloth. The glass-wool plug prevents 
urine frothing over into the side-arm. This technique 
has proved more effective and convenient than 
decolorizing with activated charcoal. 

However, we were concerned that there might be a 
considerable isotope effect in the evaporation of 
ordinary and tritiated water, leading to the initial 
distillate being weak in tritium. The apparent 10 per 
cent difference in the molecular weights of water and 
HTO will be effectively reduced if water is associated 
at its boiling point, but the exact degree of association 
seems uncertain’. For a simple system containing 
water and HTO the relative evaporation rates of the 
two components would be expected to equal the ratio 
” of the vapour pressures. This ratio has been measured 
by Price* between 25° and 80° C. Extrapolation of his 
results indicates a vapour pressure difference of about 
4 per cent at the boiling point of water and a difference 
of boiling point of 1-2° C. 

As the fractionation of liquids with different 
boiling points depends upon the exact conditions of 
distillation, particularly the reflux ratio, we distilled 
a water sample containing a known activity of HTO 
im our apparatus, collecting the distillate in four 
approximately equal fractions. The activities of all 
fractions and an aliquot from the original sample 
were measured by liquid scintillation counting. The 
major source of error was probably that associated 


e with dispensing, as counting statistics contributed 


only about 0-1 per cent. The resulte are set out in 
Table 1. 


Table 1 


Specimen 


Orlginal sample 

First quarter of distillate 
Second quarter of distillate 
Third quarter of distillate 
Fourth quarter of distillate 


Relative specific activity 





It would appear that, with our apparatus, little 
separation of the isotopes occurs, and it is permissible 
to distil and measure only a fraction of the initial 
sample. 

We are indebted to Dr. G. Boyd for suggestions 
regarding the distillation vessel. 


J. D. SIMPSON 
J. R. GREENING 
Medical Physios Unit, 
University of Edinburgh. 


? Dorsey, N. E., “Pro es of Ordinary Water Substance” (Reinhold, 
New York, 1940). 
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Oxidation of Beryllium in Carbon Dioxide ` 
and in Carbon Monoxide 


Tar metal beryllium has been suggested as a 
possible canning material in the advanced gas-cooled 
thermal reactor, so that its oxidative behaviour at 
elevated temperatures in carbon dioxide, carbon 
monoxide and mixtures of these two gases is of some 
technological importance. Published work on the 
oxidation of beryllium in carbon dioxide is limited 
to the investigation of Munro and Williams', which 
covered the temperature range 500-700°C.; here 
the course of the oxidation was followed by inter- 
mittent weighing, the sample being cooled to room 
temperature for each measurement. The purpose of 
this communication is to report briefly some of the 
results of a recent study of both the chemistry and 
the kinetics of the reaction between French Flake 
beryllium and carbon dioxide, carbon monoxide and 
their mixtures (usually at a pressure of 10 em.) and 
at temperatures in the range 500-750°C. The 
samples were chemically polished before use. 

With the aid of a specially developed radioactive 
tracer technique using carbon-14 labelled carbon 
dioxide, it has been established that when beryllium 
is oxidized in carbon dioxide, the following reactions 
oceur : 

Be + CO, = BeO + CO (1) 


@Be + CO, = 2BeO + C (2) 


There is no evidence for reaction? of deposited carbon 
with carbon dioxide : 


C + CO, = 200 (3) 
or for the reaction : 
Be + CO, = BeO + C + 40, (4) 


even though this is thermodynamically possible?,‘. 
Chemical analysis of the reaction product shows that 
some 38 per cent of the deposited carbon is combined 
with beryllium as beryllium carbide. It is believed 
that the latter is formed after the carbon has been 
deposited, by the reaction : 


2Be + C = Be,C 
rather than by : 
4Be + CO, = 2BeO + Be,C (6) 


The overall rate of reaction (oxide formation and 
carbon deposition) has been studied on a vacuum 
microbalance and at temperatures up to and in- 
cluding 700° C.; the rate of oxidation continuously 
decreases with time (Fig. 1) to reach a very small 
value after long periods, the rate after 300 hr. vary- 
ing from 0:01 ugm./cm.* hr. at 500° C. to 0:07 ugm./ 
em.? hr. at 700° O. Oxidation is thus protective over 
the range 500-700°C., in general agreement with 
the resulte of Munro and Williamst. At 750° C., on 
the other hand, the rate of oxidation first decreases 
and then increases with time, indicating a breakaway 
reaction. 

The amount of deposited carbon, both elementary 
and combined, in the oxide film is small, varying in 
a somewhat irregular manner with temper. 


(5) 


ature from 
1-8 ygm.fom.? at 550° C. to 11 ugm.jem.® at 750° ©. 

When the carbon dioxide is admitted to the out- 
gassed sample at reaction temperature there is (see 
Fig. 1) a very rapid initial weight gain (which as a 
fraction of the total weight gain after 300 hr. varies 
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Fig. 1. 1. Oxidation of beryllium in carbon dioxide at 500°, 600° 
and 700° 0. The gas was admitted to the preheated samplo 


from 28 per cent at 500° O. to 41 per cent at 700° C.), 
and it appears that most of the carbon deposition 
occurs over this initial period; if, however, the 
beryllium was heated in carbon dioxide from room 
to reaction temperature, the initial gain in weight 
was no longer obtained, carbon deposition occurred 
over a longer period, and the amount deposited was 
less. The oxidation curves corresponding to these 
two differing modes of heating up the sample ap- 
proach each other with increasing time. 

For the oxidation of beryllium in carbon monoxide 
the*reaction : 


18 excluded on thermodynamic grounds** so that 
there are only the possibilities : 


Be + CO = BeO + C (8) 


3Be + CO = BeO + Be, (9) 


Since there are no volatile reaction products, kinetic 
measurements do not distinguish between reactions 
8 and 9 and it is necessary to resort to chemical 
analysis of the reaction product. This shows that 
15 per cent of the deposited carbon is chemically 
combined with beryllium as carbide and is probably 
formed by reaction 6 rather than reaction 9. There 
was no evidence for the decomposition of carbon 
monoxide on the surface, to deposit carbon and evolve 
carbon dioxide (reaction 3). For a given temperature, 
the rate of oxidation of beryllium in carbon monoxide 
is considerably greater than in carbon dioxide and a 
further important difference is that at 550°C. and 
above, the oxidation of beryllium 
in carbon monoxide is non-pro- 


and : 


2-0 
tective, the reaction product 
spalling from the sample during 
the run. is 


For oxidation in mixtures of 
carbon monoxide—carbon dioxide 
there is the possibility of reaction | 
with either one or both of these <1° 
gases, but runs at 650° C. in 
mixtures containing up to 7-5 
per cent carbon monoxide 
showed that the oxidation fol- 
lowed the same course as in 0 
carbon dioxide alone. Supple- 
mentary measurements at a 
number of temperatures suggest 
that there exists a critical con- 
centration of carbon monoxide 
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above which the reaction changes from one with 
carbon dioxide to one with carbon monoxide, the 
rate of carbon deposition, and hence the rate of 
oxidation, then markedly increasing. At 700° C. this 
critical concentration of carbon monoxide is about 
88 per cent by volume. 

A detailed description and discussion of these 
resulta will be published elsewhere. We are grateful 
to Dr. J. E. Antill for several helpful discussions, 
and wish to acknowledge the financial support which 
this work has received from the United Kingdom 
Atomic Energy Authority. 


S. J. GREGG 
R. J. Hussey 
W. B. Jepson 
Department of Chemistry, 
The University, 
Exeter. 
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Behaviour of Some Aldehydes on a 
Sulphonated Polystyrene Resin 


5-HYDROXYMETHYL 2-FURALDEHYDE is a well- 
known product from the browning reaction! between | 
certain sugars and amino-compounds. In the course 
of its isolation from such a reaction mixture it was 
assumed that it would be easily eluted, together with 
the unreacted sugar present, from a column of 
‘Zeokarb 225 [H+] resin. Instead it was found that 
the volume of 0:3 N hydrochloric acid required to 
elute it was approximately 0-6 of that required to 
elute D-glucosamine. Passage of 2-furaldehyde and 
salicylaldehyde down the same column (Fig. 1) 
revealed that these were even more strongly absorbed. 
Since 6-hydroxymethyl 2-furaldehyde showed no 
evidence of behaving as a base on paper ionophoresis 
in either 0:75 M formate buffer pH 2 or 0-3 N 
hydrochloric acid, the explanation for its retention 
must lie in some other mechanism of interaction with 
this sulphonated polystyrene resin. 

One possibility is that the aldehydes form weak 
addition compounds with the sulphonic acid function. 
By analogy with the reaction between benzaldehyde, 
benzene sulphonyl chloride and sodium cyanide, 


850 400 450 600 


Fraction No. (60-ml fractions) 
Doson of elution of frome oluman of Be 2-furalde- 
tcylaidehyde ( 


curves of -hyror 


+ 


470 


which afforded a-cyanobenzy] benzene sulphonate’, 
this addition compound could be formed thus: 


Eo 
R—CHO + R’-—80,0H = R—C-——--_—_O—80 , PR’ 


H 


Another factor influencing the absorption of the 
aldehydes could be van der Waals adsorption forces, 
since it is known that compounds containing aromatic 
residues are adsorbed on polystyrene ion-exchange 
resing". ‘Amberlite IR 120 (H+)’, which is equivalent 
to “Zeo-Karb’ 225 [H+], has been used’ to separate 
phenol, p-cresol and 4-tert. butyl phenol. Gabrielson 
and Samuelson’ have investigated the adsorption of 
aldehydes and ketones on ‘Amberlite IRA-400’ 
(bicarbonate form), which is an anion exchanger of 
the strongly basic type. They reported that salicyl- 
aldehyde and vanillin were strongly absorbed, 
whereas formaldehyde, acetaldehyde and 2-furalde- 
hyde were eluted almost quantitatively. In this case 
absorption was attributed to the acidic character of 
the two aromatic aldehydes. 

The unexpected property of derivatives of 2- 
furaldehyde may prove useful not only in the identi- 
fication of intermediates in the browning reaction 
but also those products of acidic degradation of 
sugars which form the basis of so many colour 
reactions for the quantitative determination of sugars. 

One of us (K. M.) thanks Glaxo, Ltd., for the award 
of a scholarship. 

S. A. Banker 
K. MURRAY 
M. STACEY 
Chemistry Department, 
The University, 
Birmingham, 15. 
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Symmetry of Insulin Dimers and Hexamers 


REount X-ray crystallographic studies of ortho- 
rhombic crystals of bovine insulin sulphate have 
provided information about the symmetry of the 
insulin dimer (molecular weight 2 x 5733). This 
dimer appears to be the stable unit in acid aqueous 
solution, except under special conditions'. The dimer 
is the protein component of the asymmetrical unit 
in the wet, type A and type B sulphate and type A 
citrate, crystals*, and also in the air-dried sulphate 
crystals’. Studies of the shrinkage stages of the type 
A insulin sulphate crystals‘ have disclosed the 
existence of several new crystal forms. The space 
group of all but one of these is P2,2,2, (Z = 4), 
that of all previously examined orthorhombic insulin 
crystals. One 8 stage (type 0) has the 

group J2,2,2, (Z = 8). In this crystal twofold 
rotation axes relate pairs of insulin molecules. On the 
basis of phic and other evidence, it was 
possible to establish the strong probability that the 
insulin dimer has basically an invariant structure, 
with point group 2, in all these crystal forms and in 
acid solution ; that is, the two insulin molecules of 
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the dimer are related to each other by a twofold 
rotation axis. 

This conclusion was strengthened by Patterson 
studies of the wet type A insulin sulphate crystals’. 
The position of the highest non-origin peak in the 
three-dimensional Patterson function is that of a 
pseudo-origm in each of two Patterson projections— 
that is, the distributions of peaks about this position 
are similar to those about the origins of these pro- 
jections. However, the pseudo-origin character 
appears shght or non-existent in the third (a-plane) 
projection and in the three-dimensional Patterson 
function. These observations have been explained on 
the basis of a non-crystallographic twofold (or 
pseudo-twofold) rotation axis parallel (or nearly 
parallel) to a. Given two independent sources of 
evidence, the symmetry, or, if the dimer structure is 
not invariant, at least the pseudo-symmetry, of the 
insulin dimer seems to be established. 

The predominant insulin species in solution near 
neutral pH is the hexamer, A threefold rotation 
axis relating three dimer units has been found in 
rhombohedral zinc insulin crystals, space group #3, 
grown, under these pH. conditions®. It appears to us 
that the dimer as a subunit of the hexamer may well 
have the point group 2. Indeed, it is quite possible 
that the hexamer has the point group 32 with each 
single molecule equivalent. (If the hexamer has the 
point group 32, then the three twofold rotatiow axes 
relating the molecules to each other in the dimer 
subunits lie in a plane normal to the threefold axis 
and at angles of 120° to each other.) If non-crystallo- 
graphic twofold axes should exist in the rhombo- 
hedral zine insulin crystal form, they should be 
detectable, with greater or lesser ease dependent 
upon their orientation to the threefold axis, by 
analysis of the vector structure. 

This investigation was supported by a senior 
research fellowship S#-—2460 from the Public Health 
Service to one of us (B. W. L.). It was carried out 
during the tenure of a National Science Foundation 
post-doctoral fellowship (J. R. E.). 
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BIOCHEMISTRY 
Dolichol : a Naturally Occurring Isoprenoid 
Alcohol 


In 1956! a long-chain isoprenoid alcohol, solanesol, 
was isolated from tobacco and tobacco leaves. While 
searching for solanesol in animal tissues we have 
isolated an isoprenoid alcohol of greater chain-length 
for which we propose the name ‘dolichol’. 
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> The characterization of ubichromenol from 46-5 
kgm. of human kidney has been described’?. Two 
fractions weighing 6:41 gm. were eluted between 
ubiquinone and ubichromenol on chromatography. 
The infra-red spectrum of the bulked material strongly 
resembled that of an isoprenoid alcohol‘. Dolichol 
was purified from these fractions by forming the 
acetate, which was then chromatographed, crystallized 
from ethanol—petrol, and finally saponified to regen- 
erate the alcohol. The alcohol was then c i 
from ethanol-petrol. Both the alcohol and the acetate 
were colourless viscous liquids at room temperature 
and white crystalline compounds at low temperature. 

Dolichol showed no specific absorption in the ultra- 
violet region and its infra-red spectrum (all infra-red 
spectra were examined as films) was very similar to 
that of solanesol. 


OH, 
ia 
H (CH ,—C= CH—-CH ,) OH 


Both showed bands indicating a hydroxyl, uncon- 
jugated double bonds and the trans configuration of 
those double bonds. The infra-red spectrum of solane- 
sol, however, showed a band at 10u due to the presence 
of the allylic alcohol grouping. Dolichol, on the other 
hand, showed C—O stretching absorption at 9-4p. 
Hyduegenation of solanesol and dolichol gave their 
perhydro-derivatives, and the infra-red spectra of 
these materials were identical apart from differences 
in relative intensities consistent with a difference in 
chain-length. In particular, both saturated materials 
showed hydroxyl deformations due to the C—O 
stretching absorption st 9-4u, and it would seem 
likely that dolichol containg a primary alcohol 
grouping but with no «$-unsaturation. 

The analysis of dolichol (C: 86:07; H: 12-18; 
C—CH,: 16:64 per cent) fitted a very long chain 
ioprenoid monohydric alcohol. A molecular weight 
determination by depression of the freezing point of 
cyclohexane gave a value of 1,200. 

The p-phenylazobenzoyl and p-nitrobenzoy] esters 
of dolichol were formed by refluxing with the acid 
chloride in pyridine. The esters were purified by 
chromatography on alumina, and the p-phenylazo- 
benzoate could be crystallized from ethanol—petrol at 
low temperature. The ultra-violet absorption spectra 
of these esters were exammed and were com 
with the esters formed from other alcohols (Table 1). 


Table 1. ULTRA-VIOLMT ABSORPTION (IN cyeloHHXANE) 


p-Phenylazobenzoates (Amax at 324 my) 


E(L%,1 cm.) 324 mz Molecular weight e 324 myu 
of ester 


71°83 

arn 480 6 6,550 
Choles 1 488 0 594-9 26,060 
Solan 330 -0 889-3 ,700 

p-Nitrobenzoates (Amax at 256 my) 
E(1%, 1 cm.) 256 me Molecular weight s 266 mz 
of ester 

Dolichy] 950 man Ex 
Farnesyl 379-5 $71°5 14,000 
Phytyl 3038-5 445 -0 18,520 


The mean molecular extinotion value (e) for the 
p-phenylazobenzoates was 26,770 and from this and 
the H(1%, 1 cm.) of dolichyl p-phenylbenzoate 
the molecular weight of the ester was calculated as 
1,563. The molecular weight of dolichol was therefore 
1,854. Similarly the mean molecular extinction 
coefficient for the p-nitrobenzoates was 13,800 and 
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hence the molecular weights of the ester and dolichol 
were 1,453 and 1,300 respectively. A terpenoid 
alcohol with 19 isoprene residues, C,,H,,,OH, has 
æ molecular weight of 1,312 while one with 20 isoprene 
units, Cy99H1.,0H, has a molecular weight of 1,380. 

The degree of unsaturation of dolichol and dolichyl 
acetate was examined by determining their iodine 
values (Dam’s method) and by quantitative catalytic 
hydrogenation (for method see ref. 3). Table 2 shows 
that the results are in accord with dolichol being a 
long-chain isoprenoid alcohol. 


Table 2. DHGERS OF UNSATURATION 
Double bonds Aloles H,/100 gm. gm. I,/100 gm. 


Bon OH 19 aan S 
1 867 5* 
OrecH 1g, OH 508 1-449" 387 -0* 
Oso, qe ote ABS 
¢ . 62 
Orectt1e10.000H, $503 1-406* 357 0* 
* Calonlated 
Allylic alcohols will react readily with ogo 


dioxide’ to produce «ß-unsaturated aldehydes but 
saturated alcohols are oxidized by manganese dioxide 
only with difficulty’. Farnesol was refluxed with 
excess manganese dioxide in petroleum ether (40-60°) 
for 1 hr. and gave a good yield of farnesaldehyde. 
Refluxing dolichol and manganese dioxide for 2 hr. 
in petroleum ether gave & smaller yield of a product 
which could be crystallized from ethanol-petrol after 
chromatography on alumina. The product showed 
only feeble ultra-violet absorption in cyclohexane. The „ 
infra-red spectrum of the product showed no hydroxy] 
band but absorption at 5-75u characteristic of a 
saturated aldehyde. Farnesaldehyde showed a band 
at 5-974 characteristic of an «f-unsaturated aldehyde 
with another band at 6-2lu due to the double bond 
conjugated to the carbonyl. It seems quite probable 
that the product from oxidation of dolichol was the 
expected aldehyde, dolichaldehyde. 

Treatment of dolichaldehyde and farnesaldehyde 
with a saturated solution of 2: 4-dinitropheny]l- 
hydrazine in 1 per cent ethanolic hydrochloric acid 
gave the corresponding derivatives, which were 
purified by chromatography on alumina and crystal- 
lization at low temperature. The farnesaldehyde 
derivative showed in ethanol Amax, 382-385 my, 
€ = 29,760, while dolichaldehyde 2 : 4-dinitrophenyl- 
hydrazone showed Amax, 360 my H(1%, 1 cm.) 156-1 
(for a molecular weight of 1,312 the molecular extinc- 
tion coefficient is 20,480). Derivatives of 2 : 4-dinitro- 
phenylhydrazine with no a«8-double bond normally 
give rise to maximal absorption near 360 my with 
molecular extinction coefficients of 20,000-23,0007. 
A double bond in conjugation with the dinitrophenyl- 
hydrazine chromophore causes a bathochromic shift 
with an increased intensity as shown by the farnes- 
aldehyde derivative. 

Ozonolysis of dolichyl acetate yielded acetone and 
levulinaldehyde, which were characterized as their 
2: 4-dinitrophenylhydrazones. 

It is apparent that the molecule contains 19 or 20 
isoprene residues* with a primary alcoholic group. 
This alcohol grouping has no af-unsaturation as in 
solanesol and the double bond may have been 
displaced to give By-unsaturation or a vinyl grouping. 
Dolichol has also been isolated from ox kidney, pig 
kidney, pig heart, pig liver, rat liver and ox intestine. 

*Note added in proof. Specially purified dolichyl 
acetate has molecular weight 1,422 (20 isoprene 
residues). We are indebted to Messrs. Hoffmann 
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La-Roche, of Basle (through Drs. O. Isler, U. Gloor 
and J. Wirsch), for this result, based on isotope 
dilution of “C-labelled acetate. 
J. F. Pennoox 
FE. W. HEMMING 
R. A. MORTON 
Department of Biochemistry, 
University of Liverpool. 
* Rowland R. L., Latimer, P. H., and,Giles, J. A., J. Amer. Ohom. 
, 78, 4680 (1958). 
a o E. A., Paterson, J. Y. F., and Pennock, 
J. E., Ohsm, and Indust., 1018 (1959). 
$ Yeidman, D. I., Morton, R. A., Paterson, J. Y. F., and Pennock, 
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Fractionation of Heparin on an Anion 
Exchanger 


PREPARATIONS of heparin have been shown to be 
heterogeneous by a variety of techniques,3, but no 
method is available for the fractionation of bulk 
quantities of heparin or of other sulphomucopoly- 
saccharides. These compounds carry a strong 
negative charge over a wide range of pH, and, 
therefore, it seemed possible that they could be 
purified on basic resins. Five anion-exchange resins 
(“Dowex-—l’, “‘Dowex—2’, ‘Dowex-—3’, ‘Amberlite CG- 
45’, and ‘Duolite A-4’), each buffered at pH 6-0, 
readily adsorbed heparin, which was easily eluted 
with strong salt solutions, but the eluates differed 
from the original material in having greater absorp- 
tion at 400 my than at 535 mp in the carbazole 
reaction’. However, ‘Eoteola’45 (exchange capacity 
= Q-3 m.equiv./gm.) resolved a commercial pre- 
paration of bovine heparin (obtained from Nutritional 
Biochemicals Corp.) mto four major and one minor 
carbazole-positive fractions (Fig. 1), each with 
maximum absorption at 535 mp, and all showing 
metachromasia’, 90 per cent of the original 
material was recovered. Heparin-*8Q0,, extracted 
from a mast-cell tumour of the mouse’, gave only so 
peak on chromatography on ‘Ecteola’ (Fig. 2), and 
only 50 per cent of the material was eluted. 

Independently, Mozen (personal communication) 
has used ‘Ecteola’ for the resolution of heparin and 
found that those fractions that came off the column 
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latest had the highest anti-coagulant potency, as well 
as the highest sulphate content. 

This work was supported by the American Heart 
Association and the Life Insurance Medical Research 
Fund. I am indebted to Dr. Margaret Day for pro- 
viding the mast-cell tumour and to Miss Bella 
Wu and Mr. Mark Lavietes for technical assistance. 
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Mammalian «-L-Fucosidase 


ACCORDING to our surmise that the enzymes, 
6-N-acetylglucosaminidase, a-mannosidase and B- 
galactosidase, with their particularly high activity 
in the epididymis}’, are concerned in the breakdown 
of mucosubstances, they should be accompanied by 
an L-fucosidase. Serological evidence suggests that 
the L-fucose (6-deoxy-L-galactose) residue present in 
many mucopolysaccharides has the «-configuration>,‘. 
Rat epididymis has now been found to have an 
«-L-fucosidase activity of about 20,000 units per gm. 
moist weight, compared with activities of about 
4,000 units per gm. in organs such as liver, where 1 
unit of enzyme liberates 1 ugm. p-nitrophenol in 1 hr. 
at 37° from p-nitrophenyl «-1-fucoside in an arbitrary 
concentration of 1 mM. The maximum activity is 
displayed at about pH 6. There is no «-p-fucosidase 
activity in mammalian tissues, but the limpet, 
Patella vulgata, with a high «-u-fucosidase activity, 
has @ feeble effect on the related «-D-fucoside. This 
may well be a side-action of «-D-galactosidase. 

Whereas §-glycosidases are always inhibited by the 
aldonolactones of corresponding configuration, the 
a-glycosidases only sometimes display this pheno- 
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menons*. It was shown that the hydrolysis of either 
of the a-facosides waa not depressed by the appropri- 
ate fuconolactone. Attempta to prepare suitable 
6-fucosides for enzyme work have thus far been 
unsuccessful. 
G. A. Luvvy 
Rowett Research Institute, 
Bucksburn, 
Aberdeen. 
Deo. 18. 
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Supercontraction of Wool Fibres and Creep 
in the Post-yield Region 


Ir is now well established that hydrogen bonding 
takes a major role in the stabilization of wool keratin. 
This is well demonstrated by the recent finding’ that 
wool fibres supercontract by 70 per cent of their 
length in 1N hydrochloric acid containing 4M 
concentrations of sodium iodide. In agreement with 
earlier workers’, it was considered that the process 
took place in two phases corresponding to areas of 
strong and weak hydrogen bonding lying in series 
along the microfibrils. 

I have been applying this technique to wool 
samples exhibiting marked variations in ther post- 
yield creep properties and have noted two significant 
features. 
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First, as has already been observed, there are large 
variations between samples (Fig. 1) and between 
fibres drawn from the same sample. Secondly, the 
later stages of the 1 hr. supercontraction bear a 
relation to the post-yield creep of the fibres (Table 1). 


Table 1 
Sample nt 
{arbi nnits) 
A 58 8 
B Š 219 
g 18:6 


It appears, therefore, that the ‘strong’ hydrogen 
bonds responsible for the later phases of super- 
contraction may also account for a major part of the 
technologically significant variations in the creep 
properties of wool fibres’. 

K. J. WaHrrenny 

. School of Wool Technology, ; 

University of New South Wales, 
Kensington, N.S.W. 
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Absence of Catecholamines in Cardioactive 
Acetone Extracts of Ox Spleen 


It has been shown that acetone extracte of freeze- 
dried ox spleen are capable of stimulating hypo- 
dynamic papillary muscle’. Evidence has been re- 
ported recently* which suggests that the cardio- 
activity cannot be explained in terms of choline or ite 


below confirm the absence of catecholamines in an 
active extract. 

The amplitude of cardiac contractions was recorded 
by a Cushny myocardiograph sutured to the right 
ventricles of artificially respired guineas pigs anæs- 
thetized with pentobarbitone sodium (45 mgm./kgm. 
intraperitoneally). The animals were pretreated with 
atropine sulphate (2 mgm./kgm. subcutaneously), 
promethazine hydrochloride (6 mgm. intramuscularly) 
and ergotamine tartrate (‘Gynergen’) 0-15 mgm./ 
kgm. intramuscularly. A small moistened cotton- 
wool cover was arranged to prevent drying of the 
thoracic tissues without interfering with the move- 
ments of the heart, lungs or myocardiograph. Injec- 
tions of drugs were made into the right jugular vein 
in small volumes, approximately 0-1 ml., and washed 
into the circulation with 0-2 ml. normal saline, 

Injection of I-2 ugm. noradrenaline caused 
transient positive inotropic actions which were 
approximately matched by 10-25 mgm. doses of 
spleen extract (corresponding to quantities of fresh 
spleen. between 6-7 and 17-2 gm.). Following doses of 
dichlorotsoprenaline, a specific antagonist to the 
inotropic and chronotropic actions of the catechol- 
amines’, the effects of noradrenaline were almost 
completely abolished, whereas the inotropic effect of 
the spleen extract was not significantly altered 
(Fig. 1). 

Further evidence that the inotropic principle in 
extracts of spleen differed from the catecholamines 
‘was obtained from paper chromatographic tests 
using Vogt’s' modification of the technique described 
by Crawford and Outschoorn® using an atmosphere 
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Fig. 1. Effect of 


of carbon dioxide in the tank. Samples of spleen 
extract sufficient to cause inotropic effecte on papillary 
muscles in a 20-ml. bath were applied to Whatman 
No. 1 paper from ẹ& concentrated solution. Adrenaline, 
noradrenaline and dopamine (3-hydroxy-tyramine) 
were applied in 10-ugm. quantities to the paper. ‘After 
development and removal of solvents, the chromato- 
gram was sprayed with the ferricyanide reagent of 
James*. The catecholamines showed up clearly and 
good separation was achieved from a mixture. No 
colour reaction was observed with the samples of 
spleen extract, indicating that catecholamines were 
not present in significant quantities. 

This evidence, together with that previously 
reported’, seems to point conclusively to the absence 
of catecholamines in acetone extracts of freeze-dried 
spleen and suggeste that the inotropic activity of 
these extracts is due to some other factors. 

We are indebted to Dr. C. E. Powell for a generous 
gift of dichlorotsoprenaline. 

L. B. COBBIN 
R. H. THOBP 


Department of Pharmacology, 
University of Sydney. 
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Active Transport of y-Aminobutyric Acid 
in Brain Cortex Slices, with Special 
Reference to Phosphorus-32 Turnover of 
Phospholipids in Cytoplasmic Particulates 


WHEN slices of pig brain cortex were 
incubated aerobically at 87°C. in a saline medium 
containing amino-acid such as y-aminobutyric acid 
or glutamate, the amino-acid was accumulated in 
the brain slices actively from the medium against ite 
concentration gradient in the presence of glucose as a 
substrate. Terner ef al.’ reported that i-glutamate 
accumulated in brain slices accompanied by potas- 
sium ions when they were incubated aerobically in the 
medium containing glucose. Also as reported pre- 
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viously*, non-metabolizable D-1s0- 
mer of glutamic acid accumulated 
in the brain slices in the same 
manner. 

If y-amimobutyrie acid, a neutral 
amino-acid, which has an import- 
ant effect on nervous functions, 
wag present in the medium in 
the concentration of 5 mM in- 
stead of glutamate, it also accumu- 
lated actively in the brain slices 
depending upon  energy-yielding 
processes (Table 1). In this cage, 
however, there was very little 
change in the intracellular potas- 
mum and water content on a dry- 
weight basis calculated by chloride 
assumption. The active transport 
of y-aminobutyric acid in the slices 
was observed only with brain tissue, 
not with liver or kidney. Im 
calcium-free "medium, y-aminobutyric acid was more 
actively transported i in the slices ; on the other hand, 
on omitting potassium ions from the medium, Y- 
aminobutyric acid transport was markedly suppressed 
(Table 1). By the addition of pyridoxal in the con- 
centration of 1 mM, the accumulation of y-amino- 
butyric acid was also augmented remarkably just as in 
the case of glycine uptake by carcinoma colis, as . 
described by Christensen et al.'. 

Slicefmedium ratio indicated in Table 1 was 
indicative of amino-acid transport in the slices. If this 
value represents more than 1-0, y-aminobutyric acid 
should accumulate actively from the medium against 
its concentration gradient, since the intrmsic concen- 
tration of the acid in the nerve cell might be con- 
sidered to be about 5 mM/kgm. as in the medium. 
Under these conditions, only y-aminobutyric acid is 
transported across the cell membrane as a neutral 
substance without any considerable movements of 
extra cations. 

We were interested in the carrier system of y-amino- 
butyric acid transportation across the nerve cell 
membrane against the concentration gradient in 
relation to phosphorus-32 turnover of phospholipid 
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Table 2. PHOSPHORUS-32 INCORPORATION INTO PHOSPHOLIPID FBAC- 
TIOKS OF OYTOPLASMIO PARTIOULATES OF GUDTEA Pia BRAIN 


(c.p.m./gm, tissue 

eae E sere 

phatidic phatidyl- ph 
acld 


ho- 
oholine inositide 


Specific | Increase 
activity | (per cent) 
6,050 
8,880 


11,200 


+ 
amino 
tyr 


ios - 
butyrio acid 
Pyridoxal 


5,930 


15,900 


14,806 





Slices were incubated in 2-ml. medium containing equal radio- 
gotivity of phosphorus-82. Specific activity was expressed as the value 
of the counts per min. per phospholipid phosphorus. The total counts 
of each phospholipid represented as counts per min. per gm. wet weight 
tissue, 


fractions in brain tissue, which are present in farly 
high concentration in the membrane structure. Guinea 
pig brain cortex slices (300-400 mgm.) were incubated 
for 60 min. in the medium containing 5 mM y-amino- 
butyric acid and phosphorus-32 as a tracer. After 
the incubation period, slices were homogenized in 
0-25 M sucrose in the cold. The cytoplasmic particu- 
late fraction was obtained by centrifugation at 
40,000 r.p.m. (105,000g) for 15 min. in the cold after 
the removal of cell debris ; then the particulates were 
washed once, resuspended in 0-25 M sucrose and 
centrifuged again. Ethanol/ether (1 : 1) soluble lipids 
were extracted in the acidic state at 4° C. overnight 
from the cytoplasmic particulates fraction. The 
phospholipids extracted were separated by chromato- 

hy on silicic acid-impregnated paper with 
ditsobutylketone/acetic acid/water in the proportions 
of 40 : 30 : 7 as described by Hokin et al.*. A contact 
radioautogram was taken with X-ray film. The 
identification of spots on the radioautogram was 
made by reference to the mild alkaline hydrolysis 
method of Dawson’ rather than Hokin’s proce- 
dure. 
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The incorporation of phosphorus-32 into the 
phospholipids, particularly phosphatidic acid and 
phosphatidyl choline, in the washed cytoplasmic par- 
ticulate fraction was clearly increased accompanied by 
the accumulation of y-aminobutyric acid in the 
slices. Moreover, on the addition of calcium-free 
medium or of pyridoxal (1 mM), phosphorus-32 
incorporation was accelerated. On the contrary, 
when ‘y-aminobutyric agid did not accumulate in the 
slices on the condition of potassium-free medium, 
incorporation of phosphorus-33 in the phospholipids 
was diminished as shown in Table 2 and Fig. 1. 

As reported previously’, potassium-rich medium 
containing sodium ions (potassium: 650 m.equiv./l., 
sodium : 90 m.equiv./l.) stimulated the metabolism of 
brain slices such as oxygen uptake, glycolysis and 
incorporation of phosphorus-32 into phosphoprotein 
fractions. In these circumstances, the incorporation 
of phosphorus-32 into phospholipids of brain oyto- 
plasmic particulates was also strongly stimulated. 
This suggests that some relationship exists between 
active transport of cations such as potassium influx 
and sodium efflux across the cell membrane and 
phosphorus-32 turnover of phospholipids. 

From these results, phospholipids in cytoplasmic 
particulates of brain tissue, which are thought to be a 
main structure of the cell membrane electronmicro- 
acopically, would play an important part as carriers 
in the active transport of amino-acid or cations 
across the nerve cell membrane. 

Details will be published elsewhere later. 


Yasuzo TSUKADA 
YUTAKA NAGATA 
SHUsvKE HIRANO 
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Histophotometrical Study of the Effect 
of Interstitial Cell-stimulating Hormone 
on the Deoxyribonucleic Acid Content 
of the Testicular Interstitial Cell Nucleus 
in the Adult Rat 


In our investigations of the relation between cell 
activity and deoxyribonucleic acid content of the 
nucleus in endocrine glands, we had the opportunity 
to study the influence of stimulation of the testicular 
interstitial cells by means of interstitial cell-stimu- 
lating hormone on the mean deoxyribonucleic acid 
content of their nuclei. 

Ten male adult rate, 7-8 months old, were used. 
While 5 of these were controls, to each of the other 
rate 60 I.U. of interstitial cell-stimulating hormone 
have been given imtramuscularly per 24 hr., for 
14 successive days. All animals were beheaded 
simultaneously. The testes were fixed in alcohol/ 


Table 1 





formalinjacetic acid (75:20:65) and cut at 10u. 
Sections were prepared on the same slide in order to 
submit them to the Feulgen reaction under identical 
conditions. The deoxyribonucleic acid content was 
measured in individual nuclei by the histophoto- 
metrical method of L. Lison? and expressed in 
arbitrary units. 

Table 1 summarizes the results ; since the individual 
nuclear contents vary following a log-normal distri- 
bution, the log % values were used for statistical 
computations. 

When comparing the pooled results of the two 
groups, it is seen that after treatment with inter- 
stitial cell-stimulating hormone there is an 8-7 per 
cent increase in the mean deoxyribonucleic acid 
content of the nuclei of the interstitial cells (2 = 
7,651; P<€0-001). These resulta demonstrate once 
more & stimulation of cell activity accompanied by 
increase of the mean deoxyribonucleic acid content of 
the nuclei. 

8. L. Liv 


Laboratory of Human and Comparative Anatomy, 
University of Ghent. ` 


1 Lion, IL., Adda Anat., 10, 388 (1960). 


Spontaneous Potential Changes at Crayfish 
Neuromuscular Junctions 


An important feature of vertebrate neuromuscular 
transmission is that acetylcholine is released from the 
nerve terminals in ‘packets’. At rest, a spontaneous 
discharge of these packets gives rise to ‘miniature 
end-plate potentials’. We were therefore interested 
whether this mechanism of transmitter release also 
occurs at a mnon-cholinergic crustacean neuro- 
muscular junction. 

In the abductor of the dactylopodite of the first 
walking leg of the crayfish (Orconectes virtlis), spon- 
taneous potentials of up to 0-8 mV. were recorded with 
intracellular electrodes (20-35° C., pH 7:2). The 
time course of these potentials (Fig. 14) was similar 
to that of an excitatory junctional potential set up 
by stimulation of the motor axon. The largest 
spontaneous potentials were found in those fibres 
with the smallest diameters (about 100u) and a 
relatively high input resistance (about 0-5 MQ). 
They could be recorded from any point in the muscle 
fibre, in the same manner ag excitatory junctional 
potentials*. The amplitude of consecutive spontaneous 
potentials varied considerably (Fig. 18). Smaller 
potentials seemed to have a longer rise time (Fig. LA), 
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fish musele fibre with 
8 mV. A and Bin 
normal van Harreveld solution. C, molarity of van Harreveld 
solution increased by addition of 125 mM sucrose. Voltage call- 


Fig. 1. pponancous potentials from a 
intracell Teco resting potential 


bration same for A, B and 0; 50 msec. calibration for A, 2 sec. 
for B and O 


suggesting that they arose at a greater distance from 
the recording electrode. Frequencies in different 
fibres were between 0-1 and 10 per second. The 
potentials appeared to occur at random intervals. 
Statistical tests? confirmed that there was no notice- 
able interaction between smgle events. Our findings 
are similar to those of Burke‘, who recorded ‘miniature 
end-plate potentials’ in the frog’s slow muscle fibres 
which also have motor nerve endings distributed 
over the entire fibre surface. 

At vertebrate neuromuscular junctions the fre- 
quency of ‘miniature end-plate potentials’ is increased 
when the osmolarity of the extracellular fluid is 
raised?. This also applies to crustacean neuromuscular 
junctions. Thus in Fig. 10 a 50 per cent increase 
in osmolarity raised the frequency three times over 
that in Fig. 18. Doubling the osmotic pressure 
resulted in a seven-fold rise in frequency. It seems 
unlikely that the spontaneous potentials arise from 
spontaneous conducted impulses in branches of the 
motor axon. Thus a five-fold increase in calcium 
concentration (to 67 mM/l., replacing sodium) 
prevented the appearance of an excitatory junctional 
potential following stimulation of the motor axon, 
but did not appreciably affect the spontaneous dis- 
charge. We could further exclude the release of inhib- 
itory transmitter as the cause of spontaneous activity. 
When the membrane potential was shifted by passing 
current across the membrane the inhibitory junctional 
potential reversed its sign at the chloride equilibrium 
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potential as previously seen by others’. The spon- 
taneous activity, however, was not affected. 

If the spontaneous potentials arise from transmitter 
released from excitatory nerve endings, one might 
expect the frequency of the discharge to be altered 
following stimulation of the excitatory nerve‘. 
Fig. 2 shows that during the first second following & 
burst of excitatory junctional potentials at 100 per 
sec. for 1 sec. the frequency of the spontaneous 
potentials was increased; afterwards, however, 
the frequency was markedly decreased for a con- 
siderable period. If the duration of the excitatory 
stimulation was lengthened from 1 to 10 sec., only 
the decrease in frequency was observed for the entire 
30-sec. interval between bursts of stimulations. 


Sec.~* 





0 2 4 6 8 
Sec. 
Fig. 2. Change m fiequoncy of spontaneous potentials follo 


stimulation of the motor axon. Abscissa: time after end o 

stimulation of excitatory axon at 100/sec for 1 sec., every 10 see, 

Ordinate: number of spontaneous potentials observed per sec., 

average of 27 consecutive mtervals between stimulations. The 

do line indicates the average frequency of spontansous 
potentuals at rest 


All the observations are consistent with the 
„assumption that the spontaneous potentials are 
analogous to ‘miniature end-plate potentials’ of 
vertebrates. However, until the chemical identity of 
the excitatory transmitter in these muscle fibres 
is known, more direct evidence that these potentials 
arise from the spontaneous release of transmitter 
from the nerve terminal will be difficult to obtain. 


Josey DupEL* 
RICHARD K. Orxanpt 
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Woods Hole, Mass. 
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Spontaneous Potentials from Explants of 
Brain Tissue in Culture h 


Srno July 1959 we have been recording spon-: ` 
taneous potentials from explants of brain in tissue 
culture. The tissue used was cerebellum from chick 
embryos of 8 days incubation and older. The super- 
natant was & 0-25 per cent solution of human serum 
protein in a physiologically balanced salt solution. 


The composition of the physiological balanced salt 
solution is as follows: 


gm.jiitre ` 


Potassium chloride 0-28 

Sodium chloride 70 ob 
Calcium chlonde 028 ,, 
Magnesium sulphate O15 p 
Di-sodium hy en pce damn O08 45 
Dı-potassum hy phosphate 0-04 a 
Sodium bicarbonate 105 a, 
Bodium acetate 005 =, 
Dextrose 1°75 = 


The other techniques were those described in public- 
ations from this laboratory*. 

Spontaneous potentials have been obtained from 
cultures both in Kahn tubes and in flow systems as 
bursts of activity and as sustained activity from the 
time of explantation until another 14 days in culture. 
We have used a d.c. amplifier of our own design and a 
Dumont oscilloscope or Texas Instrument’s ‘Recti- 
riter’. The actual disturbance is illustrated in Fig. 1 
and is composed of step-like combinations of positive 
and negative potentials lasting from & half to one 
and a half seconds each with a magnitude of up to 25 
uV. Each culture had a simultaneous electrically 
inert control (dead brain tissue, pure epithelium 
cartilage or cornea without iris) with a repeated 
exchange of recording channel between control and 
brain. tissue to exclude artefacte. We have been un- 





Fig. 1. Simultaneous dual-channel recording of spontaneous 
ty om, explants of chick embryo cerebellum in 
culture (upper nnel) and control of dead brain tissues (lower 


Full-scale vertical defiexion e 
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able to find any other record of spontaneous potentials 
from explants of brain tissue in culture. 
Further mvestigationa on these potentials are in 
progress. 
This work was done under a U.S. Navy contract, 
NONR 1598 (04). 
A. W. B. CUNNINGHAM 
MARSHALL DOUGHRETY 
B. J. RYLANDER 
Pathology Department, 
University of Texas Medical Branch, 
Galveston, Texas. Oot. 22. 
*Qunningham and Estborn, Lab, Invest., 7, 156 (1958). 
* Estborn, Ounningham et w., Lab. Invest, 7, 524 (1058). 
* Cunningham and Herbst, Lab. Invest. Gn the press). 


Activity of Muscle Receptors in the Kitten 


In recent experiments! it was found that the tonio 
stretch reflex 18 lacking in the distal muscles of the 
limbs of the newly born kitten. Evidence was also 
presented that the gradual appearance of this reflex 
-ig due to a postnatal development of its afferent 
link, because its efferent link can easily be activated 
from other sources than stretch receptors at birth. 
The postnatal development of the afferent link us 
partly a maturation of the central connexions and 
functions of the muscle afferents*+, but as will be 
reported here it also consists of a development of the 
stretch receptors. 

Whether or not the muscle spindles are functioning 
properly in the muscles lacking tonic stretch reflexes 
was, of course, one of the first questions asked. The 
study of these receptors in a newly born animal, 
however, met with great technical difficulties. Out of 
these has only to be mentioned that the fibre diameter 
of the largest afferents from, for example, the gas- 
trocnemius muscle is about 2u, making the isolation 
and recording from single functioning receptors 
extremely difficult. Recordings from a great many 
receptors have, however, been obtained by now 
allowing an evaluation of the experimental resulta. 

The discharge of the stretch 
receptors in the gastrocnemius 
muscle has been studied both in 
dissected fibres of the dorsal 
roolis L 7 and S 1 and in the 
muscle nerve. The ventral roots 
L7 and S 1 were stimulated with 
square-wave shocks of 0:5 msec. 
duration given either singly or in 
a short tetanus. Muscle tension 
was recorded isometrically. The 
temperatures of the whole animal 
and of the muscle used were 
continuously controlled. 

Recordings from the dorsal 
root of the muscle nerve of the 
discharge of the stretch receptors 
in the gastrocnemius muscle 
have shown that a sustamed dis- Ton 
charge in response to stretch is 
usually lacking in the newly born 
animal. When later prosont the 
frequency of the response 18 very 
low (Fig. 14 and Fig. 2) and 
soon adapts to zero. Repeated 
stretching of the muscle, how- 
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ever, gives rise to & response bee a 
every time, as shown in Fig. 1B, fall in 
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. The response of stretch receptors in the 
12-mm. stretoh, record 
tension due to plasticity in the muscle, which 1s kept at constant length 
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even in the newly born animal. The lack of a 
sustained discharge makes a differentiation by 
behaviour during contraction between the responding 
receptors difficult. Intra-arterial injection of sub- 
paralytic doses of succinylcholine iodide, which 
is known to activate the muscle spindles selec- 
tively’, sometimes makes the spindles fire con- 
tinuously in the newly born animal, but always 
sensitizes them to respond with a few spikes on the 
falling phase of the contraction. By the use of this 
drug it was possible to differentiate between the 
responding receptors. It has thus been found that 
both muscle spindles and tendon organs ın the gastro- 
cnemius muscle of a newly born animal can be activ- 
ated by stretch, but usually only phasically. It has 
constantly been found, however, that sustained 
discharges are obtained from proximally lying muscles 
around the hip and spine which usually are difficult 
to get rid of by denervation. In listening to the 
discharge of these receptors in the loudspeaker on 
stimulation of the ventral roots ıb can be heard that 
both spindles and tendon organs are present among 
the continuously firing receptors. 

The muscles in the newly born kitten are known to 
have different properties from those in the adult 
animal’. It has here been found that they, besides 
having a slow contraction, are extremely plastic (see 
Fig. 2). The intrafusal fibres of the muscle spirallgs are 
known to grow out from extrafusal ones’, and the 
plasticity could thus offer one explanation for the fast 
adaptation and inability of the muscle spindles to get 
up sustained discharges in response to stretch. If this 
was the only explanation, continually re-adjusting the 
tension to high values would set up sustained dis- 
charges. That has, however, not been found to be 
the case. The observation by Hursh®, repeatedly 
confirmed during this investigation, that the absolute 
refractory period is twice as long as in the adult 
nerve before the developing fibres reach a conduction 
velocity of 18-20 m./sec., points to properties of the 
nerve fibres in the newly born animal that might pre- 
vent repetitive firing, at least with high frequencies. 
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Fig. 1. The response of stretch receptors in the gastrocnemius muscle of a 3-day-old kitten 
rded in a small twig of the medial nerve to the muscle during 8-mm. stretoh 
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A combination of immaturity of tho sense organ 
with regard to mechanical properties and of the 
afferent fibre with regard to excitabihty (not neces- 
sarily a function of its diameter which is but a good 
correlative measure) explains the adaptation and the 
inability to respond to both high tensions and 
succinylcholine iodide with sustained discharges 
respectively. In conformity with this, 1t has been 
found that the stretch receptors usually fire contin- 
uously when the conduction velocity of the afferents 
has reached 18-20 m./sec., which happens 8-10 days 
postnatally, but as can be imagined from Fig. 2 
adaptation due to plasticity will still play a great 
part in small extensions. 

In trying to find out when the gamma-efferents 
start activating the muscle spindle, it was found that 
stimulation slightly above threshold for the alpha- 
fibres often activated a few spikes during the early 
phase of a muscle contraction. This is thought to be 
an alpha-activation of the spindle? which appears 
earlier postnatally than the well-known gamma- 
excitation, which is obtained 18-20 days post- 
natally. 

STEN SKOGLUND 
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1 Skoghind, B., Uppsala lakaref. forh., 1-2, 92 (1959). 
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Histochemical Demonstration of Ascorbic 
` Acid in the Locus Coeruleus of the 
Mammalian Brain 


Diehl and Neumann! have determined the 
content of ascorbic acid in the various por- 
tions of the human brain and found a char- 
acteristically high content in the sutonomic 
centres (tuber cinereum and medulla oblongata). 
By means of the histochemical method the neuro- 
secretory nuclei of the hypotha- 
lamus were reported to contain 
many silver granules due to reduc- 
tion of silver nitrate by ascorbic 
acid'*. Although in the above 
chemical and histochemical reports 
particular attention wag not paid 
to the locus coeruleus, the locus 
was recently found by a usto- 
chemical method (Shimizu et al.*,*) 
to demonstrate the pronounced 
activity of monoamine oxidase, 
and by several physiological unves- 
tigations’—* to regulate respiration, 
as the pneumotexic centres. As 
the locus coeruleus was thus sup- 

to display some autonomic 
(visceral) functions, which might 
be related to amine metabolism, Pond method. 
we thought it reasonable to search 
for the histochemical presence 
of ascorbic acid in the locus 
coeruleus. 
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Experımental. animals used consisted of healthy 
adult mice, rats and guinea pigs and also scorbutic 
guinea pigs. Thin slices of the brain were fixed in the 
acidified silver nitrate solution for 30 min. according 
to Giroud and Leblond’s method (cf. Gomori’, and 
Lison") followmg intravascular perfusion first with 
en isotonic fructose solution and then the silver 
nitrate solution. 

In the brain of the mormal animals tested silver 
granules due to the presence of ascorbic acid occurred 
most abundantly in mice, intermediately in rata and 
least of all in guinea pigs. In mice and rats large 
amounts of silver granules were demonstrated con- 
stantly in the locus coeruleus (Fig. 1), where the 
silver granules were mainly encountered within the 
nerve cell bodies. The same observation was also 
mede in the paraventricular and supra-optic nuclei 
of the hypothalamus as other investigators** already 
reported. Similar but leas evident deposition of 
silver granules was further revealed in the dorsal 
nucleus of the vagus nerve and area postrema of mice. 
Regions of the bram other than the above nuclei 
showed rather irregular deposition of silver granules, _ 
which were present in small (rats) or moderate 
amounts (mice). For example, varying amounts of 
silver granules were found in the nerve-cell bodies 
of the cerebral and cerebellar cortices. 

The brains of normal healthy guinea pigs showed 
the deposition of silver granules much less clearly 
than those of rats and mice and the silver granules 
were demonstrable exclusively in hmited portions 
of the brain in contrast to the observation in rats and 
mice. Moderate amounts of silver granules (Fig. 2) 
were shown in the nerve cell-bodies of the locus 
coeruleus as well as in those of the paraventricular 
nucleus. Small numbers of the granules were present, 
furthermore, in the supra-optic nucleus, dorsal 
nucleus of the vagus nerve and area postrema. These 
silver granules were: completely abolished in the 
scorbutic guinea pigs, which were fed on the vitamin 
C deficient diet for about twenty days. This obser- 
vation indicates that the deposition of silver granules 
in the above nuclei might be due to the presence of 
ascorbic acid. 

Our observations that ascorbic acid is concentrated 
in, the locus coeruleus, dorsal nucleus of the vagus 
nerve and area postrema as well as in the hypothala- 
mus lead us to suppose that this vitamin might be 
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1 and 2. Distribution of asoorbio acid in the brain, stained by the Giroud and 
The silver granules are due to a reduction of acidified miver nitrate 
by ascorbic acid. Fig. 1. Loo 
demonstrated mainly 
cells of the mesencephalic nucleus of the trigeminal nerve (at the left hand of the figure) 
are essentially devoid of silver granules (x c. 830), Fig. 2. Locus coeruleus 

Moderate amounts of silver granules are encountered in several nerve cells of the locus 


us coerulens of rat. A amount of silver granules is 


within the nerve cella of the locus coeruleus. Several large nerve 


of es pig. 
coerulens (x c. 830) 
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implicated in the metabolism of the autonomic 
centres of the brain. Ascorbic acid is said to be 
required for the oxidation of tyrosine and in this 
process it does not seem to act as a specific cofactor 
and its role is probably that of a reducing agent 
(cf. Mehler’, Fruton et al.1?). Co-existence of ascorbic 
acid with monoamine oxidase might constitute a 
suitable condition for the active aromatic amine 
metabolism in these nuclei. « 

Nosvo Smaczv 

Tomoxazo MATSUNAMI 

- ATOKO ONISHI 
Department of Anatomy, 
Osaka University Medical School, 
Ogaka-shi, Japan. 
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Serotonin Content of the Pineal Glands 
of Man and Monkey 


GIARMAN et al. have demonstrated the presence of 
certain neurohumours and some of their associated 
enzymes in the bovine pineal gland". While determ- 
ining the relative distribution of serotonm im 
specific areas of human brain, we have obtained the 
pineal glands of deceased mental patients. The glands 
were removed within 24 hr. post mortem, and kept at 
the temperature of dry ice, usually for 24 hr., when 
extraction of serotonin was carried out. Only 
minimal losses are encountered with such a procedure. 
The pineals were homogenized with 2 ml. of isotonic 
salt solution and the amine extracted with 95 per cent 
acetone by a modification of the method of Amin, 
Crawford and Gaddum?. Estimation of the content 
of serotonin in the extracts was made by assay on the 
heart of Venue mercenartat. For purposes of com- 
parison freshly excised pineal glands from non- 
psychotic deceased patienta and from 17 rhesus 
monkeys were treated and assayed in the same 
manner. Table 1 summarizes the results presented 
here and includes some values obtained previously? 
from freshly excised and fresh-frozen bovine glande. 

It is clear that the pineal gland of both man and 
monkey is considerably richer in serotonin than that of 
the cow. In fact, the serotonin-levels found in the 
majority of human and simian glands are the highest 
ever reported for any neural structure of any species 
examined. These values approach the levels found in 
the spleen and portions of the gastro-intestinal tract. 
Moreover, pretreatment with the monoamine oxidase 
inhibitor, iproniazid (‘Marsilid’), fails to give values 
in this range either in whole rat’s brain® or in specific 
areas of the dog’s brain’. Our study of other regions 
of the human brain has shown high values of 0-48 
y/gm. in the central grey of the midbrain and 0-43 y/ 
gm. in the reticulum of the medulla oblongata 
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Table 1 SHROTONIN IN HUMAN, SIMIAN AND BOVINA PINHAL GLANDS 
Weight Serotonin 
Species Age Diagnosis of pineals content 
(gm.) (yigm.) 
Human male 89 COarebral artero- 
sclerosis 0-126 1-00 
Human male 76 Manic depressive 1-898 0 36 
Human female 78 Ohronis schizo- 
hrenic 0 450 10 80 
Human male 84 enile brain 
0 480 5 38 
Human male 87 Schizophrenic re- 
action, chronic 0:3805 0-59 
Human male 40 phrenic re- 
action, chronic 0-285 1:34 
Human male $90 Chrome brain 
syndrome 0 115 2°08 
Human male 45  Ohronio brain 
syndrome; also 
delirium tremens 0 210 22 -82 
Human femalo 44 Cirrhosis of liver 0 180 5°77 
Human male 86 Bronchogenio 
carcinoma 0-005 2 63 
Human male 74 Myocardialinfarch. 0-110 2-18 
17 Rhesus Mean $ 28 
monkeys Range 1 20- 
(adult male) 10 00 
18 Steers Mean 040 
Range 0 20-003 


(Freedman, D. X., Picard-Ami, L., and Giarman, 
N. J., unpublished work). Costa and Aprison have 
reported high values of 0-6-1 0 y/gm., which they 
found in mesencephalic and diencephalic structures 
of the human brain’. 

The greatest variability of serotonm conten was 
found in the human pineal gland, with values ranging 
from 0-36 y/gm. to 22-82 y/gm. (see Table 1). While 
these human glands (especially those from psychotic 
patients) showed great variation in weight, there was 
clearly no correlation between weight and serotonin 
content. In contrast, the serotonin content of the 
bovine pineal glands fell within the relatively narrow 
range of 0-20 y/gm.—0:63 y/gm., and their weight 
was an almost uniform 0-20 gm. The variability in 
the serotonin content of the simian glands fell between 
that of the human and that of the bovine glands. It 
was established in control experiments that the prior 
ingestion of bananas failed to correlate with elevated 
serotonin-levels found in the simian pineal glands. 

The seemingly greater variability of values in the 
glands taken from patients with psychiatric disorders 
than in those from the three representatives of the 
‘normal’ population cannot be interpreted because 
of the small sample and wide range of diagnoses 
represented. Any apparent trend requires replication 
of studies from selected diagnostic categories and 
investigation, among other factors, of histology and 
of relative monoamine oxidase activities. One 
inference we might currently make refera to the 
apparent unrelatedness of serotonin content of the 
human pineal to age in the group 35-90 years of age. 

Despite a long-standing philosophical and scientific 
interest in the pineal gland and a large number of 
somewhat sporadic investigations? the function of the 
pineal and the relation of this function to its chemistry 
or pathology are still unknown. Similarly, any 
proposed relationship of the pineal gland and mental 
function? lacks confirmation by other investigators. 
On the other hand, possible inter-relationships of the 
pineal with the adrenal cortex, gonads, and the 
pituitary gland have been reported. Farrell et al.’ 
noted that destruction of the pineal region reduced 
secretion of aldosterone by the adrenal cortex, while 
infusion of bovine pineal extract restored such 
secretion to normal (Farrell, G., unpublished results 
sent in personal communication from E. 8. Redgate). 
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Lerner ef al.1! have isolated a skin-lightening hormone, 
melatonm, from the bovine pineal gland, and found 
it to antagonize the skin-darkening effect of melano- 
cyte-stimulating hormone, secreted by the neuro- 
hypophysis. Wurtman et al.1* reported that pineal- 
ectomy in young female rats led to pituitary and 
gonadal hypertrophy, which was reversible by 
injection of pineal extract. These findings and our 
earlier reports! on the presence of neurohumours 
and associated enzymes in the bovine pimeal gland 
tend to support the view that the pineal satisfies 
certain criteria for physiological function, and further 
investigation into the nature of this function is 
necessary. 

This research was aided in part by grant B940 from 
the National Institute of Neurological Diseases and 
Blindness and in part by grant M-1204 from the 
National Institutes of Mentel Health. We are 
indebted to Dr. D. Howie, pathologist at the Fair- 
field State Hosp:tal, for autopsy material, and to 
Dr. V. L. Loosanoff, U.S. Fish and Wildlife Service, 
Milford, Conn., for supplying us with the Venus 
mercenarta. 
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HÆMATOLOGY 


Evidence for a New Allele in the Kidd 
Blood Group System in Indians of 
Northern Mato Grosso, Brazil 


A NEw phenotype in the Kidd blood group system, 
Jk (a—b-), has recently been recognized in a Filipina of 
Spanish and Chinese ancestry’. This phenotype is 
extremely rare in Whites and Negroes ; its incidence 
in Asian people or their descendants has not as yet 
been determined. We recently had the opportunity 
to study the blood groups of a number of Brazilian 
Indians indigenous to the northern part of Mato 
Grosso in the region of the headwaters of the Upper 
Xingu River. Because of the peculiar geographical 
features defining this area, these Indians hve in 
virtual isolation, and because of tribal customs, 
marriage is exclusively between first cousins. The 
present communication reports the frequency of the 
phenotype Jk (a—b—) and evidence for a new allele, 
Jk, in a sample of this population. 
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Venepuncture specimens were collected in sterile 
vacuum tubes containing acid—cttrate-dextrose sol- 
ution, and shipped by air to New York, where the 
testing was performed 3-5 weeks after the initial 
collection. It was possible to obtam 88 specimens 
from representatives of four linguistic groups. The 
names of these groups and the distribution of the 
phenotypes of the Kidd system are shown in Table 1. 
Because of the heretofore reported rarity of the 
phenotype Jk (ab), detailed re-testing was performed 
on the five specimens found to be Jk (a—b—). The cells 
were tested with three different anti-Jk* sera, two 
anti-/k> sera, and with the serum of Mrs. Santos, 
the patient reported by Pinkerton et al.4. In all 
instances negative results were obtained. 


Table 1, DISTRIBUTION OF PHENOTYPES OF THE KIDD BLOOD GROUP 
SYSTHM IN 88 INDIANS OF MATO Grosso 





Calculations of gene frequencies based upon the 
hypothesis that only two alleles exist in the Kidd 
system yielded results that were internally incon- 
sistent. The results were then recalculated on the 
assumption that three alleles exist, using Bernstein’s 
method as described by Mourant?. The agreement 
between the observed and theoretical frequencies 
shown in Table 2 provides further evidence for the 
presence of a third gene, Jk, in the Kidd blood group 
system. It appears likely that this gene, though rare 
in Caucasians, is common in Asians and their des- 
cendants. 


Table 2. PHENOTYPE AND GANE FREQUENOIRS 


Phenotypes (per cent) Genes (per cent) 





This work was performed in part during tenure of 
one of us (R. T.8.) as Visiting Fulbright Lecturer, 
University of Bahia School of Medicine, Salvador, 
Bahia, Brazil. 
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Brazil Central, the Fulbright Commission and U.S. 
Information Service, U.S. Embassy, Rio de Janeiro. 
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Role of C’, in the Antiglobulin Reaction 


Wun human red cells are incubated with fresh 
serum containing a complement-binding blood-group 
antibody, they become agglutinable by an anti- 
‘non-y’ globulin serum, that is, a serum reacting with 
human globulins other than y-globulim’-*. In such 
cases the antiglobulin serum reacts with complement 
(O’) rather than with the bleod-group antibody‘. 

The object of the present work was to identify 
more precisely the antigen and antibody concerned 
in this reaction : that is, the particular component of 
O’ on one hand and the particular antiglobulin on the 
other. 

In trying to identify the component of C’ reacting 
with antiglobulm serum, two approaches were used. 
First, red cells sensitized with antibody were allowed 
to react with O’ under conditions which permitted the 
formation. of the complex O’,,, but were unfavourable 
to the formation of C’,,,, 5%. Secondly, sensitized red 
cells were treated with some components of C’ 
supplied from human serum and other components 
supplied from rabbit serum. In both sets of experi- 
-mente the cells were tested with antiglobuln serum 
(either with anti-human globulin or anti-rabbit 
globulin), and with immuno-conglutinin serum ([-~K) 
of the type described by Coombs and Coombs’ as 
“I-K serum (auto-stimulation)”’. 

In the first series of experiments, sensitized red 
cells (for example, Le(a+) red cells incubated wrth 
inactivated anti-Le+) were treated with de-ionized 
serum to which either calcium or calotum and mag- 
nesium had been added. Gandini! has recently 
published the results of similar experiments. Like 
Gandini we found that sensitized red cells treated at 
0°C. with fresh serum containing calcium but not 
magnesium would react with antiglobulin serum, 
suggesting that the adsorption of C’, is not necessary 
for a positive antiglobulin reaction. We also carried 
out experiments at 37° C. and found that cells treated 
with de-ionized serum to which only calcium had 
been added reacted moderately strongly with an 
antiglobulin serum and weakly with an I——K serum 
(the positive reaction of the J--K serum could be 
explained by the presence of small amounts of 
magnesium in de-ionized serum’). Sensitized cells 
treated with serum to which calcium and magnesium 
had been added reacted strongly with J—-K serum, 
but the reaction with an antiglobulin serum was 
also improved. This enhancement of the antiglobuln 
reaction suggested either that the adsorption of C’, 
enhances the adsorption of O’, or that QO’, itself 
reacts with the antiglobulin serum. In an attempt to 
decide between these hypotheses, a second series of 
experiments was done. 

For these experiments preparations containing 
predominantly O’, or C’, were made from human 
serum and rabbit serum by the method of Pillemer 
et al.*. Human serum containing only O’, was pre- 
pared by heating fresh serum to 56°C. for 30 min. 
and then treating it with zymosan. Rabbit serum 
was heated only to 52°C. for 30 min. because at 
higher temperatures CU’, waa destroyed; the serum 
was not treated with zymosan since this removes all 
complement activity!. 

Sensitized red cells incubated with human 0’, alone 
were not agglutinated by an anti-human globulin 
serum ; but if they were first incubated with human 
O', or rabbit O’, and then incubated with human C’,, 
they were agglutinated by anti-human globulin 
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Fig. 1. Immuno-electrophoresis of normal human serum (placed in 
the circular cups and submitted to electrophoresis) anti- 
human globulin serum (in the longitudinal pene 1 


in the figures Is due to f,-globulin). 
e same antiglob 


absorbed antigiobulin serum ; 
removed by absorption with ‘complement-coated’ 
{indicated by broken lines 


aim region 
cells are 


serum. Similarly, sensitized cells treated with human 
O’, then with rabbit O’, (and C’,), were agglutinated 
by anti-rabbit globulin serum. 

In the case in which cells were firet exposed to 
rabbit C’,, then to heated, zymosan-treated, human 
serum, it seems clear that the only component of 
human complement adsorbed was C’, and since the 
cells were strongly agglutmated by anti-human 
globulin serum, C, must be the chief and perhaps the 
only protein reacting with the antiglobulin serum. 
Nevertheless, stronger reactions with anti-human 
globulin serum were obtained when sensitized red 
cells were treated with rabbit C’, and C’, and human 
QO’, than when they were treated with only rabbit C’, 
and human C’, ao that again there is suggestive 
evidence that C’, enhances the adsorption of O’,. 

The conclusion that antiglobulin serum does not 
react directly with O’, is supported by the further 
observation that when sensitized red cells were 
incubated with fresh serum and then treated for 
1 hr. at 37°C. with 0-01 M ethylenediamine tetra- 
acetic acid (treatment which is said’! to remove 
virtually all O’, from the cells without removing 
C’), the cells still reacted strongly with antiglobulin 
serum. 

That antiglobulin serum and J—K serum do not 
detect complement in the same state is known from 
the fact that the reactions of antiglobulin serum, but 
not J—K serum, are inhibited by the addition of 
whole serum to the reagent. A further difference may 
be shown by incubating sensitized cells with C’ for 
varying periods, for after 4~5 hr. the cells no longer 
react with J—K serum but still react strongly with 
antiglobulin serum"! ; similar observations have been 
reported by Gandini®. Coombs et al.!* and Gandini’ 
have shown that C’,, O’, and O‘, are all needed for a 
positive J-—K reaction. Incidentally, we have noted 
that in tests with an J—K serum it is common to 
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observe that only a proportion of the cells are agglutin- 
ated, the appearance being that of a mixture of 
strongly agglutinated cells and unagglutinated cells; 
this may be due to the fact that the complex C’,,, , 
decays rapidly at 37° C. }* go that only a proportion of 
the cells are ‘coated’ with the active complex. 

In order to identify the antibody in the anti- 
globulin serum reacting with O’ adsorbed on to red 
cells, antiglobulin sera, were examined by the technique 
of ummuno-electrophoresis, before and after absorp- 
tion with ‘complement-coated’ cells. Sheep red cells 
were sensitized with bovine antibody and then 
incubated with fresh human serum (previously 
absorbed with unsensitized sheep red cells). These 
‘complement-coated’ cells, after being well washed, 
were used to absorb several different anti-human 
globulin sera. The sera were absorbed until they no 
longer agglutinated red cella which had adsorbed 
human 0’. Such absorbed sera were found to have 
lost lines in the §, region (Fig. 1). This finding is 
consistent with the observation of Ellis and Gell, 
who immunized rabbits with an antigen-antibody 
precipitate which had been allowed to adsorb human 
C’ and obtained a serum containing predominantly 
an anti-B globulin; and of Matuhasi and Usuil§, 
who obtained anti-B, and anti-c, following the 
injection of human C’ adsorbed on to an antigen- 
antibody complex. 

The conclusion of Gandini® that the antibody 
reacting with adsorbed complement ıs anti-c, may 
have been due to the fact that the particular pre- 
paration of «,-globulin which he used is known to 
contain traces of other globulins (unpublished 
observations). We have found that a very pure 
preparation of 19S globulin, kindly prepared by Dr. 
R. A. Kekwick, containing only «,- and y-globulin 
fails completely to inhibit the reaction between 
antiglobulin serum and ‘complement-coated’ cells. 
On the other hand, we have succeedod in inhibiting 
the reaction by adding a fraction of serum containing 
predominantly §,-globulin, obtained from starch- 
block electrophoresis. 

It appears, then, that the so-called ‘non-gamma 
globulin’ Coombs reaction is a reaction between O’, 
adsorbed on to red cells and a corresponding anti-B, 
globulin. 
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Further Evidence for the Dual Nature 
of the Third Component of Complement 


Dorma the past two years there have been 
several reports of the complex nature of the third 
component of complement (C’3) based on its lysis of 
sensitized erythrocytes in the presence of the other 
components of complement?-*, and Rapp et al. have 
separated two factors from guinea, pig serum which 
are both needed for the action that was previously 
associated with 0'3. The existence of two such 
factors has also been suggested by the experiments 
described here. 

Guinea pig serum heated to 56° for 20-30 min. fails 
to lyse sensitized erythrocytes that have already 
reacted with the first, second and fourth components 
of complement (#AO’,,,,.) (see Table 1). This 1s not 
due to an anti-complementary action of heated serum, 
since it will not inhibit the lysis of HAO’,,,,, by whole 
guinea pig serum in the presence of 0:02 M versene. 
Classical methods of titrating C’3* uring an R3 
{whole serum from which 0'3 has been removed by 
treatment with zymosan) indicated that only about 
50 per cent of the O’3 in guinea pig serum is inacti- 
vated by heating, so that heated serum should be able 
to bring about the lysis of HAC’, ,,, unless some 
previously unknown heat-labile factor is also involved. 
Definite evidence for this factor was obtained by 
treating EAC’, (prepared according to the 
directions of Levine et al.*) for 15 min. at 37° with 
heated serum, centrifuging, resuspending the cells in 
#3, incubating for a further 15 min. at 37° and then 
determining the percentage hemolysis. Table 1 
shows that this leads to considerable hemolysis, 
while treating #AO’,,,,. with the two reagents in the 
reverse order gives practically no hemolysis. 


able 1. HEÆHOLYBIS OF FAC’1,4.. BY GUINHA PIG SERUM REAGENTS 


Reigent a orna of reaction aa Oe eee ek D 
AO run) guinea pg serum human serum 
Heated serum -+ R8 43 37 
R3 + heated serum 7 12 
Heated serum slone 5 7 
R8 alone 15 17 
Serum + 0 02 M versene* 51 = 
Serum + 0 02 M versene + 
heated serum* 52 EE 


* Reacted simultaneously with FAC’,,4,s 


Similar results are obtained by treating HAC’,,,,, 
prepared with human serum as a source of complement 
by the method of Leon’ with the two reagents from 
guineas pig serum. However, the analogous reagents 
prepared from human serum will not lyse HAC’,,,,, 
prepared with either human or guinea pig serum. 
R3 from human serum can replace #3 from guinea 
pig serum, but heated human serum cannot substitute 
for heated guinea pig serum in these systems. 

It is suggested that the term C’3 should bo reserved 
for the component of complement that is adsorbed 
by zymosan and is comparatively heat-stable, while 
the new heat-labile factor not adsorbed by zymosan 
which reacts last in the known series of complement 
components should be called the fifth component of 
complement (C’5). Work on the identification of 
these components with Rapp’s factors a and 6¢ is 


p 

Preliminary investigations of the kinetics of the 
reactions of 0'3 with HAC’,,,, and of O’6 with 
EAO’,,4,2,3 suggest that the first reaction is a fast one 
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and the complex HAO’,,,.,,, loses its reactivity with 
O’5 fairly rapidly at 37°, while the second reaction 
involving O’5 and leading to hemolysis is a com- 
paratively slow one. This is in apparent conflict with 
Rapp’s demonstration of a short lag in the hæmolysis 
of HAQ’,.,3 by versene-treated guinea, pig serum! 
(containing C’3 and C’5), which suggests that the 
earlier step is rate limiting. This discrepancy would 
be resolved if the reaction of O’5 with the complex 


- HAOQ’s.4,1,3 could be shown’ to be slower than the 


lytic reaction of the sensitized erythrocyte which 
has already reacted with all five components of 
complement. 
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Hamogliobin Content of the Larva of 
Tendipes f.i. plumosus L. from Various 
Levels of Bed Sediment 


Ls previous work}? it was shown that the amount 
of hæmoglobin in the larvæ of Tendipes f.l. plumosus 
varies according to the amount of dissolved oxygen 
present. However, the results obtained cannot be 
considered to be particularly reliable since at various 
seasons the larvæ are at various stages of develop- 
ment, and this may have some effect on the hamo- 
globin content. 

In order, therefore, to prove that the amount of 
hæmoglobin depends on the oxygen content of the 
environment, I tested for hæmoglobin content larvæ 
from various levels of bed sediment at the same 
period, taking into consideration the age of the 
larve. If the amount of dissolved oxygen is larger in 
larvæ from the surface layer, in which oxygen content 


is without doubt greater than in the deeper layers, 


then the amount of hæmoglobin should be less in larvæ 
from that layer than in larve from deeper layers. 
Tendipes f.l. plumosus larve were collected for 
analysis from the bed of the Ordynacki pond in 
Dojlidy (a suburb of Biatystok). Specimens were 
taken on the day when the pond had been emptied ; 
thus it was possible to collect them and to calculate 
the exact depth of the strata from which they were 
taken. The larvw were collected from two layers: 


Table 1. HÆMOGLOBIN OONTENT IN THH LARYS) OF Tends ft. 
plumosus L. FROM DIFFERENT LAYERS OF SHDIMANT ON THE D OF 
THA ORDYNAOKI POND. DEY MASS (PHR CHANT) 


Position No. | Surface layer (6 om. deep) | Layer 10 cm. deeper 
1 
2 
3 
4 
5 


Average” 





May re 1960 VoL, 186 


20 


man 
kani 


No. of individuals 
n 
O 





800 900 1,000 
Width of head (4) 


Fig. 1. Bizə of head of the larvæ of Tendipes fl. plumosus L. 
.—.—.—, Surface layer (6 cm.); x—x—, layer 10 om. deeper 


from a 6-cm. surface layer and from a layer 10 cm. 
below it. The hæmoglobin content was determined 
by the method used in the previous studies?. The 
age of the larves was estimated by measuring the size 
of their heads‘. 

As a result of these studies it was found that the 
larve of Tendtpes f.l. plumosus from the 6-cm. 
surface layer and those from the layer 10 cm. deeper 
were in the fourth stage of development (Fig. 1), 
despite the fact that the body ee Same He and 
weight of dry mass of one larva from the deeper 
layer are greater’. As will be seen from Table 1 
there is a difference in the amount of hemoglobin 
found in larva from the two layers of bed sediment. 
In the superficial layer the hæmoglobin content 
averaged 8-2 per cent of dry mass, whereas in the 
deeper layer of 10 cm. the hæmoglobin content of 
the larve varied, the average being 26:7 per cent. 
There is no doubt but that in the 6-cm. surface layer 
the oxygen content 18 much greater than that of the 
deeper layer. The fact that there is more hamoglobin 
in the larves from the deeper layer is due to the 
smaller amount of oxygen there. It is characteristic 
that in that part of Rajgrodzkie Lake where there is 
least oxygen, not only is the hæmoglobin content 
highest and the weight of one of the larva heaviest 
but also that there is a greater concentration of 
larve found at that depth’. 

B. CZEOZUGA 
Biology Laboratory, 
Białystok Medical Academy, 
Biatystok. 
1 Oxecazuga, B., Bull. de L’ Acad. Polon. Sct., 7, 868 (1959). 
* Oxeczuga, B., Polskie Arek. Hydrobtol. (in the press). 
7 Ozecxuga, B., Roczen. Akad. Med. w. Bialymstoku, 4, 148 (1968) 
t Konstantinow, A. B., Watesojuzn. Naucen.-Iasled. Inst. Ortorn i Recz. 

Ryon. Choz. Trudy Sarat.otd., 5, 8 (1958) (In Russian). 

* Creoxzuga, B., Bull. de L’ Acad. Polon. Sei., 8, 105 (1960). 
t Creczuga, B., Ekolpia Polska, B, 5, 328 (1050). 


RADIOBIOLOGY 


Removal of Strontium from Milk 


THE importance of milk as a dietary source of 
calctum and other important nutrients makes it 
desirable to develop methods for use in removing 
radiostrontium from milk in the event that the 
concentration of the radioisotopes of strontium in this 
food should become a health hazard. Migicoygky? has 
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Tablo 1. EFFECT OF BONE COLUMN TREATMENT ON ser asa z STRONTIUM-85 AND COMPOSITION OF MILK. (COLUMNS* APPROXIMATELY 
. -14 0M. x 1'8 ow ) 


Amount bone 


Bone (gm.) pet quart 
mulk 


Control milk 


Anorganic bone treated with 4 N calcium 
chlonde 


Fat-free bone treated with 8 N potassium 
hydroxide 

Fat-free bone treated with 4 N calomm 
chloride and 8 N potassium hydroxide 


employed a synthetic resin in the mixed calcium, 
potassium, and sodium forms to remove substantial 
amounts of the radioisotopes of strontium and 
cæsium from contammated milk. A large amount of 
resin to the volume of milk treated is required by this 
method. 

Bone, owing to the fact that ıt contains as ite 
mineral phase crystals of apatite, rapidly sequesters 
strontium ions from fluids 4m vivo and tn vttro®. This 
property of bone has been utilized to develop 4 
sumple process for the removal of radiostrontium from 
milk. Various methods used in preparing bone for 
use have been observed markedly to affect the effici- 
ency of the material in taking up strontium. The 
followmg have been found to be more effective than 
other forms of apatites : anorganic bone prepared by 
removgl of protems by extraction of bone with 
ethylene diamine*; fat-free bone prepared by 
extraction of lipids with a 50 per cent mixture of 
alcohol and ether; anorganic bone or fat-free bone 
treated with 4 N calerum chloride solution and the 
same materials treated with 4N calcium chloride 
solution followed by 8N potassium hydroxide 
solution. Excesses of each of the latter solutions 
were removed by washing the solids with water. 
Table 1 presents data demonstrating the efficiency 
of columns of pulverized modified bone (40-60 mesh) 
in the removal of strontium-85 added to milk. 
Analyses of milk before and after treatment are also 
given. Anorganic bone treatment produces the 
least alteration in milk composition and appears 
efficient in the removal of added strontium-85. Fat- 
free bone further modified, as indicated ın Table 1, 
also has a marked ability to remove radiostrontium 
from milk but produces more alteration m the ionic 
composition of milk than anorganic bone. 

10 ml. of 4 N calcium chioride solution will remove 
the bulk of the radiostrontium picked up by 10 
grams of bone from milk. Potassium hydroxide does 
not improve the regeneration of anorgamic bone 
column treated with calcium chloride, but it almost 
doubles the regeneration of a fat-free bone previously 
treated with calcrum chloride. 

The effect of treating fat-free bone with potassium 
hydroxide and/or calcium chloride on the efficiency of 
a column in removing strontium-85 added to a quart 
of milk is shown in Table 2. In each trial a constent 
flow-rate of 2 ml. per min. was maintained. As 
indicated a single column of modified fat-free bone 
can, be regenerated repeatedly and is most efficient 
after combined treatment with calcium chloride and 
potassium hydroxide solutions. Anorganic bone can 
be repeatedly reactivated and re-used after calcium 
chloride treatment alone. The calcium content of 
milk when altered can be re-adjusted, if desired, by 
calcium additives. A taste panel has not reported 
changes in flavour of the treated milk. Greater 
efficiency in removal of radiostrontium by these 
materials should be obtained with longer columns. 


(m.equty /1.) | (m.egmay./l } | (m.equry /L) | ( 





Strontium-85 
removed 
{per cent) 


Sodium Potassium Phosphorus 


mgm. per cent) 
24 


21 
21 
21 


Table 2, REMOVAL OF ADDED STRONTIUM-85 FROM MILK WITH A 
REGENERATED FAT-FRHE BONB COLUMN (15 OM X 1 OM, DICENSIONS) 


Percentage activity 
Trial 


Column* ficatment removed from milk 
(per quart) 

1 8 N Potassiam hydroxido 34 
2 4 N Qaleium chloride 23 
3 4 N Calcium chloride AT 

8 N Potassium hydroxide 
4 4N cium chioride - 45 

8 N Potassum hydroxide 
5 4 V Calclam chloride 25 
6 4 N Oaleiam chloride 39 

8 N Potassium hydroxide 


- 


* 50 mi. of regenerating solution per trial. Í 


It has been demonstrated in other experiments ın 
which a gram of solid was mixed for 10 mm. with 
50 ml. of milk that approximately 50 per cant of the 
radiostrontium was removed by fat-free bone pre- 
oe with potassium hydroxide or by anorganic 

one. 

The techniques described indicate that a simple 
method for the commercial treatment of milk based 
upon these results is practical. 


LEON SINGER 
W. D. ARMSTRONG 


Department of Physiological Chemistry, 
The Medical School, 
University of Minnesota. 
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Effect of Oxygen on the Radiosensitivity of 
Bacteriophage in the Presence of 
Sulphydryl Compounds 


TIonIziInG radiation ıs generally more effective in 
killing celis if oxygen is present at the time of 
irradiation’. In view of the variety of the organisms 
in which the injury appears to be associated with the 
genetic apparatus’, it is surprising that no oxygen 
effect should be found when bacteriophage? and 
transforming principle‘ are irradiated in an aqueous 
suspension containing nutrient broth or other 
material to protect them against indirect radiation 
effects. 

The suggestion that a hydrogen donor may be 
responsible for the reduced sensitivity found under 
anoxia has been put forward on chemical grounds’, 
and a similar conclusion has been reached from an 
analysis of the kinetics of the effects of oxygen and 
nitric oxide on the radiosensitivity of bacteria? ; but 
direct evidence in support of the role of a hydrogen 
donor in the oxygen effect in a biological system has 
been lacking. 
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Two observations have directed attention to the 
sulphydryl compounds in this connexion. Cysteme’ 
and cysteamme® gave added protection to T2 
bacteriophage, which appeared to be already fully 
protected by nutrient broth. In an attempt to 
elucidate this effect, an investigation has been made 
into the effect of known concentrations of oxygen 
and cysteamine on the radiosensitivity of bacterio- 
phage protected from indifect action. Similar 
experiments have been carried out with the F2 
E. cols B complex formed by the adsorption of T2 to 
the host cell. 

Wild-type T2 bacteriophage were irradiated in 
aqueous suspension, diluted in nutrient broth, plated 
in a layer of soft agar seeded with E. cols B and 
incubated at 37°C. It was found that thiourea was 
more effective than nutrient broth in protecting the 
phage against indirect effects of irradiation, and was 
convenient in that it did not froth when bubbled 
with a gas. Thiourea was without toxic effect even 
at high concentration, so long as it was adequately 
diluted before plating. The complexes were prepared 
from a logarithmic phase culture of E. cols B which 
was infected at a multiplicity of about 0-02 phage 
per bacterium in the presence of cyanide. Phage 
which had not adsorbed were inactivated with 
antiserum. The irradiations were carried out at 
30,000 rads per min. with 8-MeV. B-rays at 2°C. As 
both cysteine and cysteamine oxidize at pH 7, care 
was taken to see that the oxidation to the disulphide 
form and the resulting depletion of oxygen did not 
influence the results of the experiment. Samples of 
the suspension were placed in an irradiation vessel 
which had a glass filter base. To control the amount 
of oxygen present, either oxygen or oxygen-free 
nitrogen was passed through the filter so that it 
bubbled through the suspension. Thus anoxia was 
ensured by the nitrogen stream, independently of 
the presence of the sulphydryl compound. When 
oxygen was bubbled through the suspension con- 
taining cysteamine, some oxidation occurred. At the 
end of the irradiation, after bubbling with oxygen 
for a total period of about 10 min., the amount of 


~~~ CYSTEAMINE 


Fraction surviving 


O Ol 





O OO 200 300 


Kilo rads 


400 


Fig. 1. Effects of 10 mM cysteamine and 2 mM orygen on the 
inactivation of T2 phage saspendod in buffer at pH 7 with 10 mAf 
urea 
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2. Effects of 10 mal oystoamino and 2 mM oxygen on 
fon a vaan of the T2-E. colt B mono-complex suspended 
in buffer at pH 7 


—SH remaining was found to be more than §0, per 
cent of the initial concentration, as estimated by the 
nitroprusside method’. Studies of the rate of equili- 
bration of the dissolved gases in a similar bubbling 
vessel indicated that the concentration of oxygen 
fell by a factor of 100 in 40 sec. when nitrogen was 
bubbled through a suspension containing oxygen. 
It was estimated that at this rate of equilibration, 
the amount of oxygen consumed in the oxidation of 
the c would reduce the oxygen concen- 
tration by less than 10 per cent below the equilibrium 
value of 2 mM. Thus, during the period of the 
irradiation, the concentration both of cysteamine and 
oxygen was known to lie within certain limits. 

The combined results of duplicate experiments are 
shown. in Fig. 1. It is seen that the rate of mactivation 
of T2 bacteriophage protected by 10 mM thiourea 
was almost independent of the oxygen concentration. 
On adding cysteamine, there was a marked decrease 
in the inactivation rate under nitrogen, although 
most of the effect was abolished in oxygen. These 
results strongly suggest that oxygen competes very 
effectively for the radiation-induced injuries in the 
phage deoxyribonucleic acid which can be restored 
by the cysteamine. It seems unlikely that the pro- 
tective effect of cysteamine is due to an improvement 
in the degree of anoxia to which the phage were 
subjected, as cysteamine was equally effective in 
sealed ampoules in the presence of sodium dithionite, 
which combines rapidly with oxygen at pH 7, while 
the dithionite by itself was without effect. The 
disulphide form cystamine was not active®, but 
cysteine and cysteamine were about equally effective 
in causing anoxic protection. 

It is of interest that after the host Æ. colt B has 
adsorbed 7'2 phage, the complex so formed is about 
twice as radiosensitive In oxygen as it is when 
anoxic! 1, As shown in Fig. 2, 10 mM ine is 
without effect on the sensitivity of either the aerobic 
or anoxic complex. Metabolic steps are not involved 
in the development of the oxygen effect, since it 
occurs even if the adsorption takes place in the 
presence of cyanide. 
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It appears that an oxygen effect is observed when 
the phage deoxyribonucleic acid is in the presence of 
substances with lebile hydrogen groups. With free 
phage, cysteamine or cysteine is effective, while 
in the case of the phage—bacterium complex, it may be 
that intra-cellular sulphydryl compounds or other 
hydrogen donors are involved. The degree of the 
injury sustained in an irradiation appears to depend 
upon competition between oxygen and the hydrogen 
donor*, presumably for a carbon radical mduced by 
radiation in the phage deoxyribonucleic acid. If this 
is true, the action of the hydrogen donor is to replace 
a hydrogen atom on the deoxyribonucleic acid 
which had been removed by ionization or by radical 
attack, thus restoring the deoxyribonucleic acid 
molecule to the active form. The oxygen effect 
observed with the free phage is smaller than that 
found with the complex. The explanation of this 
difference may lie in the difficulty which the 
sulphydryl compound (or oxygen) may experience in 
penetrating the phage head membrane and the 
tightly packed nucleic acid. If these substances are 
unable to diffuse freely over the surface of the 
deoxyribonucleic acid molecule, there will be reduced 
opportunity for reaction with a radiation-induced 
injury, so that a smaller oxygen effect might be 
expected. There is some evidence for this explana- 
tion in the findmg that mature intracellular phage 
partiel& show no oxygen effect (unpublished work). 
If this is the correct explanation, then it is to be 
expected that transforming principle would show an 
oxygen effect in the presence of a sulphydryl com- 
pound and that the effect might be larger because of 
greater accessibility to the nucleic acid. 

In summary, the reason why oxygen is without 
effect on the X-ray inactivation of bacteriophage in 
protective suspension lies in the absence of a suitable 
hydrogen donor such as a sulphydryl compound. A 
second factor is that some compounds may experience 
difficulty in penetrating into the compact structure 
of the phage head. The oxygen effect on the X-ray 
inactivation of the complex is presumably a reflexion 
of the competition between molecular oxygen and 
intra-cellular hydrogen donors, such as sulphydryl 
compounds, for the radicals induced by radiation in 
the phage nucleic acid. 

I acknowledge valuable discussions with Dr. N. 
Symonds and Dr. H. Marcovich, and the assistance 
of Mra. Elspeth van Durren. I am indebted to D. K. 
Bewley and Q. Harding, who carried out the 
radiation. 
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Yeast Ribonucleic Acid and its 
Nucleotides as Recovery Factors in Rats 
receiving an Acute Whole-Body Dose of 

X-Rays 

Ir has recently been shown that ribonucleic and 
deoxyribonucleic acids injected in rats and mice can 
markedly influence the post-irradiation survival! ; 
but the exact nature of the mechanism responsible 
for this beneficial effect is at present unknown. An 
attempt has been made to give a partial answer to this 
problem by studying the restorative effect of a 
ribonucleic acid extracted from yeast, as well as the 
products of a progressive degradation by controlled 
alkaline hydrolysis of the same substance, upon rats 
which had received a single whole-body dose of 
X-rays. The selected irradiation dose corresponded 
approximately to the 2.D85(30) for the control 
animals the death of which was due to acute damage 
caused to hmmatopoietic tissues. The 30-day survival 
of the treated animals was taken as a criterion of 
effectiveness. 

The rats used in the experiments were 4 months 
old male albinos, of an inbred strain raised in the- 
Institute, the body-weight of which varied from 140 
to 150 gm. The animals were left un-fed overnight, 
then irradiated in groups of 4 contained in a ‘Lucite’ 
box which was revolved at 2-5r.p.m. The X-ray unit 
was a G.E. Maxitron operated at 260 kVp. and 
25 m.amp., equipped with a beryllium end-window 
and additional 0-25 mm. copper + 1 mm. aluminium 
filters. The half-value layer was 1-16 mm. copper. 
At a target distance of 80 cm., the delivery-rate 
averaged 40 r./min. as measured in air with a Victoreen 
Radocon dosimeter. 

The trial solutions, adjusted to a pH of 6-5-7, were 
injected intraperitoneally at a constant volume of 
2 ml. per animal. Their tonicity was determined by 
the freezing point depression method and equalized 
by the addition of appropriate amounts of sodium 
chloride with the tonicity of sodium chloride 150 
mM. 2 ml. of this latter solution were injected into 
each animal of the control series. 24 hr. after the 
irradiation, the rats were given an unlimited standard 
diet. The subsequent mortality-rate and body-weight 
modification were checked at daily intervals during 
the 30-day period following the X-ray exposure. 
Dead animals were subjected to autopsy, and the 
survivors have been kept for a study of long-term 
effects. 

In the first series of experiments, a dose of 100 
mgm. of sodium ribonucleate, corresponding to 72 
mgm. of pure ribonucleic acid, was injected within 
15 min. of irradiation. Table 1 (rows 4 and B) shows 
the results observed at different X-ray levels between 
450 to 550 r. It is clear that the treatment reduces 
the subsequent mortality-rate. Probit analysist of 
the results allows the following regression equations to 
be calculated: Y = —57-05 + 23-05 log,, r. for the 
treated animals, and Y = —41-82 + 17:72 logy, r. 
for the controls, in which Y is the probit of the per- 
centage of 30-day mortality and r. the X-ray dose in 
roentgens. There is no significant difference between 
the regression coefficients. The £D50(80) derived 
from the previous equations are respectively 492-3 r. 
(5 per cent fiducial limits 504 and 481-5) and 438-7 
(5 per cent fiducial limits 451-2 and 427). They differ 
very significantly from one another (P < 0-001). 
Calculation of the corresponding dose-reduction 
factor gives a value of 1-13. It is noteworthy that a 
dose-reduction fastor of the same order of magnitude, 
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Table 1. EFFECTS OF INJBOTION OF YHAST RIBONUOLEIO AOID ON 


THE 80-DAY MORTALITY oF RATS 
i X-ray Number of rats Mortality at 30 days 
ose 


(per cent) 
: (r)  Pergroup Total Per group Total 
a. Control 550 20 20 100 100 
series* ın- 20, 20, 20 85, 80, 75 
jected with 500 20, 20, 20 184 76, 70, 05 81 6 
2 m of PR sae ae Tu 100, 70 8. 85 
saline 10, 12, i 
20, 20 82 70, 75 69 4 
400 20, 20 40 10, 25 17 5 
B. Sodium 1ibo- ° 
nucleic acid 
(Merck)¢{ ın- 550 20, 12, 12 44 85, 100, 95 90 9 
jected at a 
dose of 100 500 20, 20 68 50, 45 515 
m. in 2 ml. 20, 8 65, 37 5 
animal with- 20 15 
ın 15 min. of 
uradiation 
C. Sodium ribo- 
nucleics acid 
(Merok)t m- 
jected ata 
dose of 100 20 50 
.1n 2 mi 500 20 80 60 63-8 
o with- 20 80 
in 15 min. 
pror to uia- 
diation 
D. Ribonucleic 
acid (BDH)t 
i f ah 500 20 50 
a dose o 2 
in 2 ml. 20 y 40 50 } 50 
o with- 
in 15 min. of 
irradiation 


* At each level of irradiation (excepted, 550 r.), the contiol series 
include groups injected with saline solution either before or after 
irradiation. re statistical axamination of thelr mortality after 80 days 
falled to reveal diference between the pre- and post-freated 
groups, ıt was considered feasible to combine them in a single control 
group, valid for compmison with the ribonuolele acid pre- and post- 

jected animals. 


+ Obtained from Merok Co., Darmstadt, Germany, as the sodium 
salt of yeast ribonucleic acid. Follo the method of Ogur and 
Rosen (ref, 6) the product has been found to contain 72 per cent of 
pure ribonucleic acid and 2 per cent of deoxymbonucleic acid. Traces 
of protein materlal have been detected. 


t Ribonucleic acid from yeast, British Drug Houses, Ltd., England. 
It is converted into its sodium salt by addition of appropriate amount 
of sodium bicarbonate at 0° O. and injected at a doss corresponding 
to the ribonucleic acid content of the ‘Merck’ preparation Both 
these producia, of different commercial origin, seem equally effective 


1-17, has been reported for the protective effect of 
cysteamine on the hematopoietic tissues of the same 
strain of ratsë. 

While demonstrating the restorative effects of 
ribonucleic acid, the above results do not by any 
means exclude the possibility that this product can 
also exert a protecting action. To elucidate this point 
3 groups of 20 rats were first injected with a similar 
dose of 100 mgm. sodium ribonucleic acid, then 
uradiated with 600 r. 15 min. afterwards (Table 1 
row 0). Comparison of their 30-day mortality with 
those of animals mjected after irradiation shows the 
post-irradiation treatment to be at least as effective 
as the pre-irradiation treatment. A y* test, in the 
formula of which the Yates correction of contmuity 
was incorporated’, failed to reveal any significant 
difference between these two treatments (calculated 
P > 0-1). Therefore, it seems very likely that 
ribonucleic acid, injected intraperitoneally, acts 
purely as a recovery factor, without any additional 
protective effects. 

Further experiments were conducted to determine 
whether the effectiveness of ribonucleic acid is 
retained after partial degradation of the molecule 
into nucleotides by controlled alkaline hydrolysis. 
Two preparations were tested. The first, in which 
intermediate products were still abundant, was 
obtained under very mild conditions, while the second 
consisted of an almost pure mrxture of mononucleo- 
tides. A comparative mspection of Tables 1 and 2 
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Table 2. DECREASE OF THE 30-DAY MORTALITY OF BATS IRRADIATHD 
WITH 500 R. BY INJECTION OF 2 Mu. OF ALKALINE HYDROLYSATE OF 
RIBONUGLBIO AcTD* 


Number Mortality 
- Composition of Moment of Lata at 80 days 
hydrolysatest 0 {per cent) 
(per cent) injection Per Total Per Total 
group group 
I Oligonucleotides 70 Within 20 49 80 30 
Mononucleotades 28 16 mim. of 20 30 
idual mbe- uradiation 
nucleic acid 0 
Within 16 sh i 
mn. 3 
prior to 20f W appr 46 
Irradiation 
II Oligonucleotides 567 Within 
Mononucleotides: 873 15 min. 20 40 60 50 
Residual ribo- of irre- 20 50 
nnaleis aod : 0 thation 
ILM Control seres 184 81:5 


* Solutions wero made up so that thelr content in nucleotides 
corresponded to a concentiation of 50 mgm./ml. of non-depolymerized 
‘Marck’ sodium iibonucleie acid 


t Hydiolysate I was prepared by incuba 
with 


1 part of sodium 
ubonucleio acid ‘Alerck’ 8 parts of 0 83 V sodium hydroxide 
for 16 hr. at 24° 0, 


Hydrolysate II was pre according to the 
method of Davidson and Smelle (ref. 7). ethar acidification by 
perchloric or trchloracetic acid did not give any precipitation m 
either solution, but caused a slight opalescence due to a trace of 
deoxyribonualele acd, A non-mononucleotide fraction was, however, 
still present and was demonstiated by paper Sry ons CeteP Ey. The 
relative concentrahon of the non-mononuclectide material and the 


mononucleotide mixture was afterwards analysed by the method 
of Smith and Allen (ref. 8). 


shows that both these hydrolysates are equally as 
effective as the native ribonucleic acid and leads to 
the conclusion that the recovery effect of this sub- 
stance does not depend upon the integrity df its 
molecular structure. 

The precise action of ribonucleic acid and its 
biochemical bases are under investigation at the 
moment and a full account of this work will be 
published elsewhere. 
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BIOLOGY 


The Redpoll in New Zealand : 
interbreeding Sub-species 


Smnoz the opportunity of studying an animal 
population m which interbreeding and genetical 
mixing between two hitherto good and mainly 
allopatric sub-species is taking place must be relatively 
uncommon, it may be of interest to report on the 
discovery and preliminary investigation of a situation 
of this kind occurring in New Zealand. 


The redpoll (F. Fringillidae : Aves) was introduced 
to various parts of New Zealand from about 1862 
-onwards!. The taxonomic status of the introduced 
birds was originally determined only to the species: 
level: Carduelis flammea (L.) (the present generally 
-accepted nomenclature is used here, following 
` Witherby et al., 1938, “The Handbook of British 
_ Birds”). In 1953 Westerskov?, on the basis of wing and 
-bill measurements and details of plumage coloration 
Of 36 skins collected in New Zealand and some 
adjacent islands, concluded that only one sub-species, 
/.f. cabaret (P. L. S. Mull), was present. In the 
surse, however, of an investigation of the ecology 
of the redpoll and other introduced fringillid species 
Canterbury, New Zealand, it has been found 
necessa modify Westerskov’s. conclusion. It 
t least one other sub-species, notably 
(L.), is present in the New Zealand 


























populations. 
‘The distinguishing features of the two sub-species 
C.F. flammea and C.f. cabaret are given in Table 1. 





oe Table 1, DISTINGUISHING FEATURES OF THE SUB-SPECIES C. {$ fammea 
AND C. f. cabaret 


oe (After Westerskov, 1953, following Salomonsen, 1928, and Witherby 
et al., 1938) 
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| | wing length | Billlength | General 
mm.) (mim.,) plum- Wing- Body- 
s ~ cree E: t: bar size | 
sS u| F mN F | colour 
flammea | 71-79 69-76 | 8-10 7°7~ | Paler | Con- Slightly 
9-1 spicuous | larger 
| whitish 
: cabaret | 67-73 | 63-69 8-10 | 8-0-5 | Darker aeons Slightly 





spicuous | smaller 
uff | 


| 





| | 





_.. Observations made on approximately 170 living 
=o birds are summarized in the form of frequency- 
__. distribution curves for male and female wing-lengths , 
_ Fig. 1. The symbols W and p are given to show the 
 Oecurrence, at various wing-lengths, of white wing- 
_ bar and pale plumage respectively (that is, the 
"Occurrence of fammea-type plumage characteristics). 

= Reference to bill-length and body-size has been 
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Redpolls’ wing-lengths — frequency distribution curves, 
W, Whitish wing-bar; p, pale plumage l 
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course very much open to doubt.) | It would bes- 
interesting, also, to ascertain what were the original 
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omitted, since nothing significant on these has been | 
obtained in the present sample. l T 

On comparison of Fig. 1 with Table 1, the following. 
points will be noted": (1) The occurrence of individ- Š 
uals above the upper limits of the cabaret range of 
wing-lengths, for both sexes. (2) The absence of © 
individuals in ‘the higher portions’of the flammea — 
range. (3) The shift of the centres of gravity of the 
areas enclosed by the curves above the vicinity of the 
mean for cabaret. (4) The occurrence of fammea-type 
plumage characteristics (denoted by W and p) below 
the wing-length range for that sub-species. 

From the conjunction of these features it seems 
apparent: (a) that the bulk of the population is 
composed of cabaret-type individuals; (6) that a. 
proportion of flammea-type individuals, perhaps 
10-15 per cent of the population, is present ; (c) that 
the two types are interbreeding, resulting in the — 
mixing of characteristics, for example, the occurrence | 
of W and p with short wings, ete. (On several 
occasions, however, small groups of flammea-type 
individuals have been taken together.. This suggests 
that there may still be some tendency to segregation.) 

An explanation of the observed deviations from 
the typical cabaret characteristics, alternative to the 
assumption that one of the larger sub-species is 
present, may be mentioned in. order to be dismissed. 
The alternative explanation is that the observed 
deviations from cabaret characteristics may be due 
to an evolutionary change within a pure cabaret 
population. It must be pointed out that this change 
must have been extremely rapid (the New Zealand 
populations have been isolated for less than a cen- 
tury); that selection pressure must have been low 
during this time of generally rapid expansion of the 
populations; that the direction of the changes, 
increased wing-length and paler coloration, are the 
opposite of what would be expected, in an environ: 
ment on the whole warmer and not less humid than — 
the original, according to Bergmann’s and Gloger’s _ 
rules; that the simultaneous evolution of several 
of the characteristics of another sub-species is in-any 
event unlikely, much more so in the present case when. 
the previously mentioned points are considered. = > 

It may be noted that another of the introduced 
bird populations of New Zealand, that of the yellow... 
hammer, Emberiza citrinella L., is now thought to bes = 
mixed population of more than one sub-species, 
where previously it had been considered that only thè > 
British sub-species was present in New Zealands, 

A number of points still await clarification. It is — 
not yet certain, for example, that the large sub- ¿> 
species is actually flammea, The uncertainty arises 
out of the mixing of characteristics due to inter- 
breeding. This sub-species seems much the most 
likely component of the present mixed population ‘on 
the grounds of the observed characteristics ( 
possible sub-species are even larger than flam A 
their absence cannot at present be asserted, of è GO. i 
and in fact slight evidence has been obtained thata = 
very few individuals of one or more or these larger - 
sub-species may be present) and the fact that it is | 
the only sub-species apart from cabaret which is 
found regularly and in appreciable numbers in: 
Britain, the presumed place of origin of the Ne 
Zealand populations. (This last presumption. 































proportions of pure cabaret and pure flammea, if that 
could be done. The present distribution of the various 





~ 490 i 


types will be investigated—this may yield information 
as to possible modification of the presumed previously 
‘existing geographical, behavioural and ecological 


. segregating mechanisms between the two sub- 
- œ ‘Species. 


- 
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This investigation is continuing, and results will be 
reported and discussed in full elsewhere. 


e DAVID STENHOUSE 


Agricultural Zoology Department, 
Lincoln College, 
University of New Zealand, 
Christchurch. 
t Thomson, G. M., “The Naturalization of Animals and Plants in 
New Zealand” (Cambridge University Press, 1022). 
3 Westerskov, K., Notornia, 5, 189 (1953). 


3 Harrison, J. M., Bull. Brit, Orn, Club 174, 9 (1054); 75, 1 (1955) 
(quoted in Notornix, 6 (6), 176 (1955)). 


Yolk Formation in Oocytes of Patella 
coerulea L. and Aplysia depilans L. as observed 
in the Electron}Microscope 


ELECTRON microscope research on vitellogenesis 
has so far been mainly concerned with the identifi- 
cation of the precursors, or cellular constituents, 
from which the yolk formation 
begins'-*. The origin of the yolk 
and further stages in its formation 
in oocytes of Patella coerulea and 
Aplysia depilans are described here. 
Small fragments of the female gonads 
were fixed in a 1 per cent solution 
of osmium tetroxide at pH = 7:4 
for 1 hr. Other technical details are 
reported in a previous paper‘. Pre- 
parations and observations were 
made at the Centre for Electron 
Microscopy at the University of 
Padua with a Siemens Elmiskop Ia 
a atus. 

Fag i abena oocytes of Patella coerulea, 

at the beginning of vitellogenesis, it 
is possible to observe a reticulum of 
filaments about 200 À. thick, which 
carry dark granulations about 300 A. 
in diameter (Fig. 1). Some reticular 
wavities show a dark content, which 
gradually increases with the growth 
of the oocytes, and gives rise to well- 
formed proteic yolk globules showing 
an oval form (Fig. 2). Isolated or 
clustered granulations on their sur- 
face appear to enter the developing 
globules (Fig. 2). They are totally 
absent ‘when the globules have 
reached their full development and 
only the filaments remain (Fig. 3). 
Previous experiments with ribo- 
nuclease showed that granulations 
are formed mostly by a ribonucleic 
complex’. 

In the oocyte of Aplysia depilans, 
vitellogenesis starts with the trans- 
formation of Golgi bodies or dictyo- 
somes into small globules. They are 
surrounded, at a given stage, by a 
semi-lunar structure, which is formed 
by particles (Fig. 4) of about 950 A. 
in diameter. Each particle shows a 
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lasm in the oocyte of Patella coerulea with dark 3)9-A. grin tiation 


ule of Patella oocyte with granulations (g) on its surface. Fig. 
atella oocyte surrounded by filaments (f) without dark 
‘ig. 4. Yolk globule of Aplysia depilans oocyte with particles on its surface. 
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central clear zone and a peripheral zone which is com- 
posed of dark granulations with a diameter of about 
300 Å. Many particles strictly adhere to the surface of 
the globules and it appears that granulations penetrate 
them (Fig. 4). When the globules are more developed, 
they show another semi-lunar structure, which is 
composed of a very dense reticulum (Fig. 5). Some 
of the biggest globules show some vacuoles (Fig. 5), 
the presence of which confirms a liquefaction process, 
which has been previously described*-'°, Each 
globule then divides into very minute granules 
(Fig. 6), which find a place in the cavities (Fig. 7) of 
the surrounding reticulum. They finally aggregate to 
give origin to the definitive yolk (Fig. 7). 

The electron microscope results give a fair explan- 
ation of previous optical microscope observations, 
which were made both in Patella coerulea" and in 
Aplysia depilans*”. A very fine alveolar structure of 
the cytoplasm was observed in the former species 
along with variations in basophily, and a transform- 
ation of dictyosomes into yolk globules was deseribed 
in the latter. This transformation appeared to be 
followed by a considerable growth of the globules, 
which divide to give rise to the smaller globules. 
Dictyosomes must thus be considered as true pre- 
cursors in Aplysia depilans ; no precursors in a strict 


+ (9). 
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ysia oocyte with two vacuoles and a very dense semi-lunar network (r). 
k globule of Aplysia oocyte, which divides into very minute gra 
Cavities (c) in Aplysia oocyte with granules in aggregation and definitive yolk (v) 
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: “Sex Difference in Accidental Mortality of 
Guppies exposed to Elevated Temperature 


Mass mortalities of fish exposed to low! and 
high*-!° temperatures in Nature have been reported ; 
but no sex differences in such incidents appear to 
have þegn reeorded. The omission of data on sex 
ratios may be due.to the fact that their interpretation 
would generally be unsatisfactory since the sex 
ratios of the original populations would be unknown, 
and even slight differences in habits of the sexes 
might result in their exposure being significantly 
different. In the present instance, interpretation 
is easier. because the exact number of adults of each 

(Bex before and after exposure is known. 

Over a week-end the temperature of the laboratory 
-in which about 2,000 guppies of unnamed strains 
being developed for experimental purposes were 
housed was accidentally raised. At the time the 
accident was discovered the temperatures in aquaria 
ranged up to 41°C. and about 150 adult and many 
“young fish were dead. Some adult fish survived in 
<14 aquaria in which deaths occurred and in which 
there were adults of both sexes. The results of 
-observations on fatalities and survival among adults 
in these aquaria are presented in Table 1. Generally, 
if both immature fish and adults were present the 
former were almost all dead if any adults were ; and 
In one tank with several large females as well as 
smaller ones, the smaller ones died and the large ones 
all survived: 
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“ Gompanison OF SURVIVAL OF ADULT MALE AND FEMALE 
GUPPIES: EXPOSED TO ELEVATED TRMPRRATURE 








Male none 
No. Per cent : oe Per cent 
urviving |] 10 47 81 
ead | | il o] 19 | 
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The difference in the mortalities of adults of the 
two sexes has been examined using the chi-square 
_test.and found to be statistically significant (P <0 -002 
using the two-tailed test). 

The observations here reported agree with the 
y observed higher mortality of males and with 
boratory observations of Gibson!*? on survival 
f guppies at 37°, although they do not agree 
me results at other temperatures. She found 








p rectly ust * _ about 50 per cent higher for fëmales than for males 
‘his work was supported by Consiglio Nazionale _ 


(3, 4001 min. ) and at’ ae temperatures (35°, 36° antl 
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; females. 





88 a ‘natural’ one for some aquaria contained mated — 
_. groups that had been selected, and fish had been 
removed from others for experimental purposes.) 


I aj, G. G., Boll. Soc. Ital. Biol. Sper., 35, _ in small, shallow, unshaded ponds may bring about 














that the mean time to death of guppies at, 37° was 


At 34° °, on the other hand, the timeʻto ‘death was j 


38°) she found no sex ‘differential. - 

Before the mass mortality here, reported, the sex 
ratio for adults in the aquaria was 54 males per 100 
females; after the aacident, 21 males per 100 
(The original ratio cannot be interpreted 








The observations on this laboratory population 
suggest that elevations.of temperature such as occur 


significant alterations of the proportions of the sexes. 


Joun A. FREEMAN 
Biology Department, o 
Winthrop College, 
Roek Hill, 
South Carolina. 
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Stereobalanus, a Genus New to the Old - 
World ae a 
DurnG a faunistice survey of all the lochs on the Eo AE eg 
west coast of Scotland from Cape Wrath to the 
Solway, several pieces and some whole specimens of a ~ 
golden yellow enteropneust were discovered in 
bottom samples taken with a 1/10 Van Veen grab 
(Fig. 1). The geographical location and bathymetric ° 
distribution of these specimens are given in Table 1. 
In the first four localities the substratum consisted 
of a layer a few em. thick of black glutinous mud |... 
overlying a stiff clay, but in Loch Glendhu it ceon- ~~ 
sisted of a mixture of small stones and mud. As the 
sampling intensity in all the lochs examined was fairly 
uniform, it is evident that the species is moderately = 
common and widely distributed selene the west coast = 





ph of live 
8., common 
sac-ike' intestinal 


Fig. 1. Stereobalanus sp. Line-drawing from pho 

specimen. Overall length, about 8 em. a, Anus; 

branchial slit; k, olive green hepatic region > ; È, Sa 
region : Diy parabranchial ridges: 
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preliminary analysis of the associated fauna expressed 
_ as numbers per 1/10 m.? is summarized in Table 2. 

= The pronounced radial arrangement of the longi- 
tudinal. muscles and thick enveloping layer of circular 
museles and reduced condition of the coelom in the 
proboscis, the absence in the mesosoma of complete 
dorsal and ventral mesenteries and collar pores, the 
very prominent dorso-lateral and ventro-lateral 
parabranchial ridges enveloping the branchial aper- 
tures, the rudimentary peripharyngeal cavities and 
the absence of any trace of esophageal pores, justify 
the identification of this enteropneust as a species of 
the genus Stereobalanus Spengel. 

The type material upon which this genus was 
established was first dredged off Cape Breton, Nova 
Scotia, in 1873, by the late Prof. W. C. McIntosh, and 
originally named Balanoglossus canadensis by Spengel’ ; 
afterwards, in a review of the nomenclature of certain 
of the Enteropneusta, Spengel established a new 
genus for this species and it became Stereobalanus 
canadensis*. It was later rediscovered by Reinhard? 
some 430 miles away from the type locality at the 
mouth of Sullivan’s River, Frenchman’s Bay, Maine, 
where it occurred in considerable numbers in a ‘soft, 


_ fine..mud’ substratum together with Corymorpha 


pendula, Nephthys caeca and Ctenodiscus crispatus. 
It has also been found at San Diego, California 
(Bullock, T. H., and Rao, K. P., unpublished work). 

The only other species: of the genus recorded (S. 
willeyt Ritter) was found in San Pedro Channel, New 


Table PA ANALYSIS OF THE ASSOCIATED FAUNA 
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PRCIMENS FROM West Coast Locus Port 


A 2 sof” ‘the Scot ish- species 
cannot be dend” ES a more detailed. 
rA a. ' preliminary é: amination” of 

ato shows. that itis more closely 





then i will provide 







from the British Isles ; 4 > 

We are grateful to ‘Prof. T. H. Bullock and Dr. 
K. P. Rao for a copy of their manuscript on this . 
genus, and to Dr. J. S. Ryland for his assistance with 
the collection and preservation of the material and 
also for taking the photograph from which Fig. 1 was 
drawn. ; 
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Aberdeen. 
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Effect of a Sewage Effluent Discharge 
on the Deposition of Calcium Carbonate 
on Shells of the Snail Potamopyrgus 
jenkinsi (Smith) 


DvurRinG an ecological survey of the River Ivel’, a 
chalk stream in Bedfordshire, it was observed that 
shells of the snail Potamopyrgus jenkinsi (Smith) 
were heavily enerusted with calcareous nodules 
upstream of a sewage effluent discharge whereas 
downstream of the discharge such shells were clean 
(Fig. 1). Above the sewage effluent, snails were more 
than 70 per cent heavier than those below the 
effluent (Table 1). 


A COMPARISON OF WEIGHTS OF SNAILS TAKEN FROM ABOVE 























Table 1. 

AND BELOW THE SEWAGE EFFLUENT (AVERAGE OF 12 seins 

TS Ni a I SI GARETT 
Location W Width of shell | Dry weight | Calcium carbonate | 
| aperture (mm.)} (mgm. ) (mgm.) 
| Above effluent | 150 | 298 | 2-44 | 
| Below effluent 1:46 | 1°73 | 1 +42 | 
i 
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Snails taken from below the discharge and placed 
in cages above it developed encrustations within 
three weeks. Warwick? referred to calcar us 





district of Derbyshire but no N of habitat, 
effect was observed. Deposition also occurred on” 
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Fig, 1. Potamopyrgus jenkinsi shells from an un 
h and from a 


of river sho calcareous encrustations (A 
polluted stretch (B) 


glass slides immersed in the River Ivel upstream of 
the effluent. The pH value of the river water both 
above and below the effluent varied between 7-9 and 
8-3 on the several occasions on which it was determ- 
1 otal hardness was about 290 p.p.m. as 
calcium carbonate. The algal flora on the snail shells 
was dgminated by Cocconeis and ‘Chantransia’ both 
upstream and downstream of the discharge. The 
effluent was of good quality (Table 2) and constituted 
between 5 and 10 per cent of the dry summer flow. 















Table 2. ANALYSIS OF SEWAGE EFFLUENT 
j | 
Concentration | Number of 
(p.p.m. ) samples 

Organic carbon (as C) | 22 3 
Ammonia (as N) 1 Ee 2 
Araton (a8 N) N | 0-1 2 

Oxidi nitrogen (as N) 70 2 | 
pmegmate (as P 10:3 3 

8 etic detergent (as ‘Manoxol 

OT.) € 5-2 4 
te value 7 2 
8 day B. É 11 2 
Suspended solids 10 2 








Laboratory experiments were conducted in which 
glass slides were immersed in: (a) river water ; 
(b) river water plus sewage effluent (5 per cent by 
volume); (c) river water plus synthetic sewage 
effluent containing no synthetic detergents? (5 per 
cent by volume) ; (d) river water plus sodium carboxy- 
methyl! cellulose (5 p.p.m.); and (e) river water plus 
sodium hexametaphosphate (1 p.p.m. as phosphorus) 
at pH 8-2 and 8-5. . 

Deposition occurred only on those slides immersed 
in river water without additives. The sample of 
sewage effluent used in the above experiments con- 
tained 52 p.p.m. total organic carbon, 4:5 p.p.m. 
synthetic anionic detergent (as ‘Manoxol O.T.’), and 
5-2 p.p.m. phosphate (as phosphorus). The synthetic 
sewage effluent contained 24 p.p.m. total organic 
carbon and 2-6 p.p.m. phosphate (as phosphorus). 

It is evident that sewage effluents contain several 
constituents which prevent the deposition and 
aggregation of calcium carbonate under conditions 
similar to those prevailing in the River Ivel. Certain 
constituents of packaged detergents and soaps, such 
a phosphates which sequester calcium 

ind magnesium ions and act as dispersive agents, and 
organic soil suspenders such as sodium carboxy- 
methyl! cellulose‘ may be of importance. It seems 
likely, from experiments with sewage effluent pre- 
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` pared without synthetic detergents, that other i 


K 


à agents inhibiting deposition are also present. Similar _ 
} conclusions were drawn by Alekin and Moritschewa® _ 
`> from their observations on the Don and Volga. It 


would seem, from their work, that certain organic 
substances present in these waters are inhibitors of 
calcium. carbonate deposition, particularly humus 
material of plant origin. 

š R. W. EDWARDS 


Water Pollution Research Laboratory, 


Stevenage, Herts. 
J. HEY woop 
Zoology ent, 
The University, 
A. Reading. 
* Heywood, J., and Edwards, R. W. (in preparation), i 
* Warwick, T., Proc. Malac. Soe. Lond., 30, 71 (1953). 
* Truesdale, G. A., Jones, K., and Vandyke, K. G., Water and Waste 
Treatment J., 7, 441 (1959). i 
* Schwartz, A. M., Perry, J. W., and Berch J., “Surface-Active 
Agents and Detergents”, 2 (Interscience Publishers Inc., New 


* Alekin, O., A., and Moritschewa, N. P., Doklady Akad. Nauk. S.S.8.R., 
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Occurrence of Halimeda opuntia var. 
minor on Jamaican Shores 


I wish to report the presence of Halimeda opuntia 
var. minor on Jamaican shores. The variety was 


d . 


a add 


confirmed by Miss Lena Pierce at the Institute of ome! 


Jamaica. 

It was found in water 1-2 ft. deep, at the eastern 
end of the barrier reef protecting the west harbour at 
Port Antonio, in the passage between the reef and 
Navy Island, on July 17, 1959. 

It is not common, but several clusters are scattered 
around and easily distinguished from the more 
normal variety by the fine construction. 

Although found on other Caribbean islands, this is 
the first time this variety has been discovered in 
Jamaica, 

P. F. JAMES . 
Box 120, 
Port Antonio, 
Jamaica. 


Living and Fossil Unicellular Algæ and ~- 
Aplanospores 


In studies of peat deposits from south-western 
Australia, a number of small fossil algæ have been 
found with a morphology similar to certain living 
polyhedral unicellular species of the family Oocyst- 
aceae of the Chlorococcales. The classification 
of this family is artificial’ and is based on the type of 
colony produced. Genera which have been placed in 
the family include T'etraedron, Desmatractum, Octo- 
goniella and Scotiella’*. Two of these, Octogoniella 
and Desmatractum, have a peculiar form characterized 
by two envelopes, separated by a more or less wide 
space containing an aqueous mucilage. The inner 
envelope is delicate, while the outer is composed of 
two conical halves joined together in the median 
plane. ; 

Three distinct fossil algae, which match the forms 
described, have been found preserved in Western 
Australian peats of various ages between 4000 B.C. 
and the present. These are illustrated in Fig. 1, Nos. 
2, 4 and 7. The principal difference between the 
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Fig. 1. Fossil algae of the Cyanophyceae: from a recent peat 


at Walpole (2 and 7) and Lake Muir (4). Fossil algal aplano- 
spores: from a recent peat at Walpole (1, 5 and 11) and Lake 
Chittering (8). From a Lower Eocene glauconitic shale between 
1,285 and 3,185 ft. in the Rottnest Bore (3, 9 and 10). From 
the Palmocene in the King’s Park shale at 164 ft., Narrows Bore, 
No. 2 (6). Nos, 12 and 13 are living spores (refs. 2 and 3) 


fossil forms and the living forms is the absence of the 
internal envelope of the protoplast, which is pre- 
sumed to have been lost either after death of the 
organism, or during the processing of the peats for 
extraction of the microflora. 

Fossil algal aplanospores have also been found 
preserved in peat sediments from a number of 
swamps and these are illustrated in Fig. I, Nos. 1, 5, 
8 and 11. Aplanospores are transported by the wind, 
as they have been found trapped with atmospheric 
pollen, in dried pinnules of tall Schizaea plants. 

A palynological analysis of a peat profile from a 
“swamp near Walpole, Western Australia, into which 
algal aplanospores are at present blown, suggested 
that a large- number of the aplanospores were pre- 
. served under freshwater-lake conditions between 
4700 B.c. and 600 B.c. Since then, with the rapid 
expansion of sedges and Hystrichosphaerideae, bog 
¿conditions have developed. Water in the bog has 
“become more saline than in the lake and the number 


> of preserved aplanospores diminished rapidly. The 
increased salinity is thought to favour germination 
uo he aplanospores, after which they are no longer 





fossil a iso occur ‘in lower Tertiary 
- glaueconitie shales from the Perth Basin and these are 
<c illustra: s. 3, 6, 9, and 10. From 
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“How to Know. the er Algae” (W.M. C. 
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f Water-Soluble Methacrylates as 


Media for Preparation of 





Ultra-Thin Sections 


Ar present, the-embedding of preparations for 
cutting of ultra-thin sections is most frequently _ 
carried out by the procedure originally described by 
Newman et al.’ and later perfected by a number of 
other authors?-*. This method, however, suffers from 
the drawback that the embedding media used are, in 
their monomeric form, immiscible with water and’ — 





usually. good solvents of fats. The preparation must 


be dehydrated—usually with alcohol or oth 
solvent—before embedding and this, togethe it 
the solving of fats, may lead to the alteration of 
biological structures and formation of artefacts... 

These disadvantages. might be expected to be — 
avoided by using an embedding medium which is 
completely miscible with water in its monomeric 
form. 
monomers prepared by Wichterle and Lim’—glycol 
monomethacrylate and triethyleneglycol dimethacry]- 
ate. These compounds are prepared by a procedure 
based on re-esterification of methyl methacrylate 
with ethylene glycol and triethylene glycol, respect- 
ively. 

Both monomers are clear, colourless liquids at room 
temperature of a viscosity somewhat higher than that 
of water, and stable indefinitely at 0-4° C. “Whe tri- 
ethyleneglycol dimethacrylate serves as a cross-link- 
ing agent and is added in a ratio of about 1: 100. 
When an accelerator is added (for example, ammonium 
persulphate) the polymerization proceeds uniformly 
at about 40-50° C. or under the influence of ultra- 
violet radiation for about 12 hr. and results in a 
clear, transparent polymer of three-dimensional 
structure. It was noted that polymerization is 
greatly accelerated by the presence of even traces of 
different co-catalysts, for example; also by osmium 
oxides. This is a particular advantage especially in 
the case of preparations fixed with osmium tetroxide. 
The final properties of the polymer—particularly its 
hardness—-can be controlled by adjusting the ratio of 
the two monomers and especially the water content 
of the mixture. 

Embedding in glycolmethacrylate for cutting ultra- 
thin sections can be carried out by two procedures. 
Since an isotonic aqueous solution of the monomers 
does not appear to cause alteration of biological 
materials, the structure of the preparation may first. 
be fixed in a mild manner by polymerization in an 
isotonic monomer solution. Mechanical fixation of the _ 
biological structure is assumed after this first step,” 
although a relatively soft polymer is formed. Further 
hardening of the primary gel is then achieved by 
stepwise replacement of the water by monomer _ 
followed always by polymerization. ere 

Although it is a little time-consuming, this pro- _ 





cedure, according to our preliminary results, appears — 


to be milder than the alternative method in which | 
the preparation is passed through a series of aqueous 
monomer solutions of gradually increasing concen- — 
tration in the same way as is usual with alcoholic 
solutions. 

Preparations embedded by either procedure show a 
satisfactory hardness. A disadvantage is a certain 
swelling of the block in water which results in a 
decrease in hardness during cutting. We are at 
present trying to eliminate this drawback. 

The sections which we have obtained so far were 
found to spread very well on the surface of aqueous © 








This condition is met by a mixture of two. ee 
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ethanol containing lanthanum nitrate, and were 
easily picked up from the surface. 

The technique for cutting ultrathin sections 
described here is being developed and further details 
will be published soon. 

O. WICHTERLE 


Institute of Macromolecular 
Chemistry, 
P. BARTL 


Chemical Institute, 
Czechoslovak Academy of Science, 


Prague. 


M. ROSENBERG 


Virological Institute, 
Czechoslovak Academy of Science, 
Bratislava. 


* Newman, B., Borysko, E., and Swerdlow, M., J. Res. Nat. Bur. Stand- 
ards, 43, 183 (1949). 

* Massey, B. W., Stain Tech., 28, 19 (1953). 

* Moore, D. H., and Grimley, P. M., J. Biophys. Biochem. Cytol., 3, 
255 (1957). 


* Bachmeyer, M., and Schreil, W., Naturwiss., 44, 555 (1957). 
* Wichterle, O., and Lim, D., Nature, 185, 117 (1960). 


A New Specimen of Nipa Fruit from 
Mohgaonkalan Cherts 


Taetruit Nipa hindi (Rode) Sahni was collected by 
Prof. K. P. Rode from Intertrappean beds of Mohgaon- 
kalan, Chhindwara District, in 1933. So far it has 
been a holotype of Nipa from Deccan Intertrappeans 
of India. 

A fresh specimen has been collected by me recently 
from the same locality. It differs from Nipa hindi 
(Rode) Sahni in size, shape, structure of internal 
seed, and the characters of the endocarp. However, 
the importance of the discovery of a new specimen is 
undoubtedly unique. Presence of Nipa fruit is very 
characteristic of the Eocene period ; younger records 
are not yet known. Accordingly, on the discovery of 
Rode’s only specimen of Nipa hindi, Prof. Sahni' had 
suggested an. Eocene age for Intertrappeans at 
Mohgaonkalan. This new specimen falls in line 
and brings more support to Prof. Sahni’s view on the 
age of the Deccan Traps of India. Hislop too had 
recorded this fruit in Deccan cherts in the publications 
by Carter*, Hislop*, and Hislop and Hunter‘; but 
_ unfortunately his specimens are untraceable. Almost 

all the known records of Nipa show its existence 
roughly along the shore of the Nummulitic sea 
(Tethys), as indicated by Reid and Chandler*, which 
probably extended from about north of Chhindwara. 





Fig. 1. Nipa fruit from Mohgaonkalan cherta, x06 
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Fig. 1 shows a complete fossil fruit comparable to 
modern Nipa fruticans. The fruit is a single-seeded 
drupe, slightly flattened, obovoid, with six longi- 
tudinal ridges which meet at the apical distinct 
umbo. It measures 6-5 cm. in length and 5 em. in 
breadth at its broadest distal part. The carpel wall 
is thick especially at the apex. The epicarp is thin 
and smooth, the sarcocarp is about 10 mm. thick, and 
the endocarp is about 0-8 mm. thick. The single seed 
inside is slightly flattened, and has a prominent sulcus 
with endocarpic ridge dipping into it. The sulcus 
with the endocarpic ridge extends from the base to 
the top of the seed. 

Preservation of the material is satisfactory and 
structural details are under further investigation. 


S. D. CHITALEY 


Government College of Science, 


Nagpur. 


* Sahni, B., and Rode, K. P., Proc. Nat. Acad. Sci, India, 7, 3, 165 
pl. 1 (1937). : 


s aee tu J., Geol. Papers on Western India, 2 volumes (Bombay, 


* Hislop, S., J. Bom. Asiat. Soc., 5, 58-76, 148-150 (1853). 
* Hislop, S., and Hunter, R., Q. J. Geol. Soc., 10, 470 ; 11, 345 (1855). 


* Reid, E. M., and Chandler, M. E. J., The London Clay Flora, British 
Mus. (Natural History) Cat. (1933). 


Variation in Phytophthora palmivora 
(Butl.) Buti. on Theobroma cacao L. 
in West Africa 


DtsEasEs of Theobroma cacao L., particularly pod- 
rot, caused by Phytophthora palmivora (Butl.) Butl., 
have been described in all the cocoa-producing areas 
of West Africa. A large collection of isolates from 
most territories, however, has shown that the nature 
of the pathogen varies greatly in the region and that 
at least two types of the fungus exist. 

The first type of isolate, referred to as the Ghanaian 
type, is the dominant fungal pathogen in the more 
westerly cocoa-growing countries of Ghana, Ivory 
Coast, and Sierra Leone. This type occurs occasion- 
ally in Nigeria, Southern Cameroons, Gabon and the 
Belgian Congo. The isolates are characterized «by 
cultural and morphological features typical of P. 
palmivora, and also have rapid growth-rates when 
inoculated into healthy pods. Minor differences have 
been found between isolates within the group, but for 
the most part they are indistinguishable. 

The isolates of the second, or Nigerian, group, 
which are the dominant pathogens in the more 
easterly countries of Nigeria, Southern Cameroons, 


Fernando Po, French Cameroons and probably  — 


Gabon, show marked differences from the Ghanaian 
type. Cultural and morphological characters are very 
dissimilar, especially in growth-rates on artificial 
media and in sporangial dimensions, and the rate of 
lesion development in pods is both appreciably slower 
and very variable. Current tests have shown that 
complementary strains for oospore production occur 
within the group. Mixed cultures of the two groups 
of isolates grown on oatmeal agar at 60° F. have 
been found to produce oospores. Dimensions of these 
spores corresponded to those described by Ashby: on 
growing cultures of the ‘cocoa’ and ‘rubber’ groups 
of the fungus together under similar conditions. No 
oospore production has been obtained by cross 
in any isolates from the westerly group of 
countries. ye : 
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The occurrence of complementary isolates within a 
particular territory could result in genetic variation 
of the organism and possible changes in its patho- 
genicity. Varieties of Theobroma cacao now being bred 
for resistance and tolerance to blaek-pod disease will 
need more extensive testing in areas where the pathogen 
is variable than may be necessary in Ghana, where it 
appears to be uniform. The variability of the organ- 
ism must also be recognized when conducting bio- 


assays of fungicides to be used in chemical control of 


the disease in the field. 
Further investigations are proceeding, and a fuller 
account of the work will be published elsewhere. 
P. D. TURNER 
West African Cocoa Research Institute, 
Tafo, Ghana. 
1Xshby, S. F., Kew Bull." 257 (1922). 


ANATOMY 


A Reconstruction of the Foot of the 
‘Abominable Snowman’ 


THe clearness of the tracks of the 
shown in the photograph taken by 


‘Snowman’ 
Erice Shipton! 


(Fig. 1) has enabled me to make a reconstruction of 


its foot (Fig. 2). This has been used to produce 
imprints in snow which show a great similarity to the 
natural tracks (Figs. 1 and 3), suggesting that the 
model is accurate. 

The plaster foot has the following anatomical 
peculiarities : (1) It is of great size: length 12) in., 
fore breadth 74 in., the width thus being 60 per cent 
of the length. The heel is 64 in. broad—nearly as 
broad as the fore part of the sole. (2) The hallux is very 
thick and separated from other toes. (3) The second 
is the longest toe, and it is separated from the hallux 
and third toe ; it is thinner than the hallux though 
more powerful than the other toes. (4) The third, 
fourth and fifth toes are small and united towards their 
bases, although the distal end of each toe gives a 
clear impression in the snow. The little toe is less 
bent than the others. 

‘These features can be seen to a lesser degree in 
human and gorilla feet, and by comparing them 
certain inferences can be made. 
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(1) The ‘Snowman’ foot is as long as that of a 
large gorilla but much broader. Sir Arthur Keith? 
emphasized the increase of the tarsal, and decrease 
of the digital, elements of the skeleton of the foot 
during the evolution of higher primates. In the foot 
of the gorilla, the tarsal elements account for 39 per 
cent of the length measured along.the third digit ; 
in the human foot, it accounts for 52"per cent. At shia 
same time, describing the soft tissues of sole, Keith 
states : “‘we see the enormous increase of the heel in 
the gorilla ; it is relatively and absolutely larger than 
the heel area of man”. Fig. 4 shows this huge foot 
and it can be seen that it resembles the much larger 
heel of the Snowman. This may equally be regarded 
as a combination of the hominoid tendency towards 
inereasing length and breadth of tarsal bones together 
with gorilloid tendency for a spread of the soft tissues. 
The great fore breadth (42-8 per cent of the length) is 
found also in the skeleton of the foot of the neander- 
thaloid from the Kiik Koba cave in the Crimea’. 

2) The hallux of the ‘Snowman’ resembles that of 
the gorilla, except that it is straighter, longer and 
much more powerful. In conjunetion with the depth 
of the impression made in the snow, this suggests 
that it carried much of the weight of the body. But 
at the same time the hallux has every appearance of 
being opposable, and could be used to grasp objects 
or in climbing. The first row of foot bones is shortest 
because of a very shortened metatarsal dement. 
although the phalanges themselves are big. R, 
Neuhaus‘ and H. Virchow® call such cases in human 
foot (Fig. 5) “zurücktretende” hallux and they appear, 
as in the ‘Snowman’, to be due to an unusually short 
metatarsal bone. 

(3) The unusually large size of the second toe of the 
‘Snowman’ can be also compared with the human foot 
with “‘zuriicktretende” hallux. This type of big toe 
can be accompanied with an elongated and thickened 
second toe (Fig. 5). H. Klaatsch* has described a 
similar case in an Australian aborigine, who possessed 
the same type of foot which was able to grasp much 
better than normal. This is the same combination of 
shortened first and elongated second axis both in 
the foot of the ‘Snowman’ and in an abnormal human 
foot. 

These peculiarities can be explained functionally, 
The hallux is shortened and capable of grasping, bug, 





Fig. 1. 


Fig. 4. 


The original track of the ‘Snowman’ (after Shipton). 
Fig. 2. The reconstructed foot of the 


The Mount Everest Foundation 
‘Snowman’ 


C 'Opy right : 


Plaster cast of a gorilla’s foot 


—— age ial track made with the reconstructed foot 
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Fig. 5. The “zuriicktretende” hallux in human feet (after Neuhaus) 
D Fig. 6. Artificial track of Gorilla beringei 


7. Artificial track of a lan 


ig. r 
Fig. 8. Tracks of the fore and hind paws of the Pindleven black bear 


~ = 


_ less effective for use in walking upright. The second 
toe is therefore also involved in balancing and is 
elongated and thickened. This type of foot with its 

- dual functions of grasping and balancing was probably 

_ charactgristic of early prehominids in the first stages 
of thé bi ‘mode of life. 

~ (4) The ive shortness of digits 3, 4 and 5 and 
their corresponding metatarsals are an obvious feature 
of the human foot. Also all three lateral toes of the 
‘Snowman’ seem to show signs of partial syndactyly, 
but metatarsals 3-5 do not show any signs of the 
shortening which is observed in the human foot. The 

__ two distal phalanges of the little toe in the human foot 

are often fused together, and this condition may also 

explain the faintness of the impression made by the 
little toe of the foot of the ‘Snowman’, which we must 
su was held straighter than the others. 


Re: > pressions made by plaster casts of the feet 
of the Wlountain gorilla (Fig. 6), langur (Fig. 7) and 
the tracks from the preserved feet of black bear 
(Fig. 8) show that the footprint of the ‘Snowman’ is 
much like that of the gorilla and very different from 
the other two. Yet it has been suggested that Shipton’s 

` photograph was a footprint of either a bear or langur. 

Other criticisms that the footprint of the ‘Snow- 
man’ was deformed by the melting of the snow do 
not seem well founded, in view of the sharpness of the 
imprint and the similarity to the fresh artificial prints 
from the plaster model. 

Hans Gross? mentions that good photographs of 
the tracks in the snow show even more details than 
do a plaster cast made from such tracks. But since 
heel and toes press more deeply into the snow than 
the sole, the arch of the foot is exaggerated and 
the impression is slightly shorter than the actual 


. 


G. W. Gayer: stressed that the deepest impressions 
of human tracks are: the outer side of the back of 
the heel and on the inner side the big toe, and slightly 
less the outer side of the sole behind the little toe 
and the inner side behind the hallux. These details 
are well known from criminological studies and are 
very clearly seen in the tracks and plaster cast of the 
‘Snowman’. 

In the original photograph it is also possible to see 
small heaps of snow thrown up by the back of the 


_ heel when it first touched the snow surface and was later 
l {A a we 
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pressed down by the flat of the heel; which is, accord- 
ing to Gayer, characteristic of the track of a bare 
human foot. This suggests that the track of the 
‘Snowman’ was formed in the same way as a human 
one and that the ‘Snowman’ must walk in a human 
manner. 

All the evidence therefore suggests that the so- 
called ‘Snowman’ is a very huge, heavily built 
bipedal primate, most probably of a similar type to 
the fossil Gigantopithecus. | 

W. TSCHERNEZKY 

Zoology Department, 

Queen Mary College, 

Mile End Road, 
London, E.1. 


t Shipton, E., “Upon that Mountain” ( n, 1958). 
* Keith, Sir Arthur, J. Bone and Joint Surg., 11, No. 1 (1927). 
* Bonch-Osmolowsky, G. A., “The Skeleton of the Foot and Shin of 
ie noe tose Kiik Koba Cave" (Moscow-—Leningrad, 1954) 
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* Neuhaus, R., “Deutsch Neu-Guinea", 1 (Berlin, 1911). ~ 
* Virchow, H., “Über Fuszskelette farbiger Rassen” (Berlin, 1917)s 


* Klaatsch, H., “Schlussbericht über meine Reise nach Australien 
in den Jahren 1904-1907", Z. Ethnol. (Berlin, 1907). — 


* Gross, Hans, “Criminal Investigation” (London, 1949), 
"Gayer, G. W., “Foot Prints” (1909). a 
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CYTOLOGY . 

P f < ` *s 

Chromosomes of Gyraulus circumstratius, 
a Freshwater Snail 


PoLyPLoipy is relatively scarce in the animal 
kingdom, and is apparently almost entirely confined 
to those species in which reproduction is partheno- 
genetic, hermaphroditic or clonal’. Such ani 
usually do not have a heterogametous sex-determining 
mechanism to be disturbed by polyploidy. The 
hermaphroditic nature of freshwater pulmonate snai! 
and their ability for self-fertilization* suggest - 
possibility that there might be a considerable degree 
of polyploidy among the large number of species of 
this group because a single accidental polyploid 
individual could give rise by self-fertilization to a 
polyploid strain, rather than producing only sterile 
triploids, if cross-fertilization were obligatory*. So 
far there has been little reliable evidence for polyploidy 
in aquatic pul snails, (An earlier indication 
a E Ss > ww * 
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- be made, but 





8 a‘, and P. acuta (=integra?)* 
n = 6 and 18, respectively, is due to erroneous observa- 
tions concerning P. gyrina). Six specimens of this 


| of polyploidy, based on the chromosome numbers 
reported for Physa gyri 


species from several localities in Colorado from which 
animals were n for the earlier investigation were 


found to have haploid chromosome” numbers of 
eighteen (J. B. Burch, unpublished work). The high 
chromosome number (n = e. 59) reported for the 
limpet Ancylastrum costulatum (=Ancylus fluviatilus 
Miiller?) was not considered to be polyploid, but due 
to diphylogeny in freshwater snails‘. 
During recent ingia of the chromosomes 
of freshwater snails we have had the opportunity to 
-study Gyraulus (Torquis) circumstriatus (Tryon). 
Specimens were obtained from a mill pond on highway 
M-132, Section 5, Scio Township, Dexter, Wash- 
tenaw County, Michigan, U.S.A. Identifications were 
made by Dwight W. Taylor, U.S. Geological Survey. 
Duplicate shells have been deposited in the collections 


- of the Museum of Zoology, University of Michigan 


(UMMZ 197464), and the United States National 
Museum (USNM 628895). The material examined 
consisted of ovotestes of ten specimens, all in active 
stages of gametogenesis. The tissues were sectioned 
and stained by Newton's crystal violet following 
fixation in Sanfelice, and acetic-orcein squashes were 
prepared following fixation in Newcomer's fluid’. 
Observations were made with a Tiyoda microscope 
using a x90 (n.a. 1-25) oil immersion objective and 
x 10-30 oculars. 

All specimens of Gyraulus circumstriatus were 
found to have thirty-six elements (presumably all 
bivalents) present during late prophase and metaphase 
of the first meiotic division of spermatogenesis (Fig. 1). 
So far as could be determined, the pairing behaviour 
of the bivalents appeared to be normal, and duri 
diakinesis the paired chromosomes were held tog 
by one or more chiasmata. m 

Exact counts on gonial metaphase cells could not 
they contained about seventy-two 
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Table 1. CHROMOSOME NUMBERS IN ‘PLANORBID SNAILS 













Le Calvez and Certain 
(ref. 6) 


Inaba and Tanaka (ref, 8) 
Burch (ref. 9) 








G. deflectus 














G, circumstriatus | Burch (ref. 9) 
Biomphalaria Azevedo and Gonçalves 
glabratus (ref. 11) 
olivaceus Burch (ref, 9). 






Helisoma stb- 


Planorbarius 
corneus 

P. cornuta 
(= corneus ?) 










Promenetus er- 


acuous Burch (ref. 9). A 


chromosomes. As seen in squash preparations gonial 
metaphase chromosomes are monocentric, with 
median, submedian, or subterminal primary 
strictions. This is in contrast to the ‘dot-like’ 
mitotic chromosomes described from sectioned 
material of Gyraulus hiemantium and considered to 
be characteristic of aquatic pulmonate snails‘. 

Chromosome numbers found in planorbid sħañs are 
shown in Table 1. It is interesting to note that with 
the exception of two species, Gyraulus hiemantium 
(Japan) and Planorbarius corneus (Portugal?), all — 
species other than Gyraulus circumstriatus have a 
haploid chromosome number of eighteen. It should 
be emphasized also that this is the haploid number of 
the only closely related North American species 
studied, Gyraulus deflectus. These numbers, together 
with the hermaphroditic nature and ability for self- 
fertilization of planorbid snails, strongly suggest that 
Gyraulus circumstriatus is polyploid, that is, tetra- 
ploid. If this is true it is the first case of polyploidy 
to be found in pulmonate snails. The apparent rarity 
of polyploidy in snails indicates that this is not. a _ 
major factor in the evolution of this group. ` 

This investigation was muipocee th, ) by a 
research grant, E-952, from the National itute of 
Allergy and Infectious Diseases, U.S. Public Health 
Service. Grateful acknowledgment is made to 
Linda L. Bush, Department of Biology, Western 
Michigan University, for technical assistance and to 
Henry van der Schalie, University of Michigan, for 
facilities and many kindnesses. . 

Jonn B. BURCH 
Museum of Zoology, 
University of Michigan, 
Ann Arbor. 
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FORTHCOMING EVENTS 


(Afeelings marked with an asterisk; * are open to the public) 


Monday, May 9 
UNIVERSITY oF LONDON (at the Postgraduate Medical School of 


London, Ducane Road, oe WwW. a at 4 p.m.—Prof. Feodor 
pce ea “Co-enzyme A d Fat Metabolism”.* 

oF LONDON (at oa beeen Institute of 
aboroblology,. Bt. Mary’s Hospital Medical School, Norfolk Place, 
London, wh at 5 p.m —Prof, A. Neuberger, F.R.S. : “The Digestion 
and Absorption of Protein in Normal Man and in some Pathogenic 
Conditions’.* (Second of four Almroth Wright Lectures. Further 


Lectures on May 16 and 23.) 


UNIVERSITY COLLEGH (in the Gustave Tuck Theatre, Gower Street, 
London, W.O. O.1), at 6.30 pm. m.—Prof. T. Kotarbinski (Polish Academy 
Warsaw) : me Reflections on Praxtology . The Effect- 


ain of Human Actions’.* (Further lectures on y 1i and 13.) 
ROYAL SOOrsTYy OF oe t John Adam Street, Adelphi, London, 
M. Kay: “The Generation of Power’, 


ee at 6 p.m-—Prof. J 
(First of threo Cantor Lectures on “Energy”. 
Tuesday, May 10 


UNIVERSITY OF LONDON (at the Institute of Obstetiica and a 
logy, Hammersmith Hospi tal, London, W.12), at 2 p.m.—Prof. O 
Scott’ Russell : “Pregnanedial”’, 

ZOOLOGICAL Sootr-y or LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Sclentific Papers. 


ROYAL Soolwry oF ARTS, COMMONWHALTH SHOTION (at John Adam 
Street, A delphi, London, W.C.2), at 5.15 m— Sir Olaf Caroe- “The 
Pathans” (Sir George Burd "Memo ture). 


l Wednesday, May II 
GREOLOGIOAL Soorsty oF LONDON (at Burlington oun Piccadilly, 


London, W.1), at 5 p.m.—Prof. Alwyn Williams * o Stratigraphy 
Oeics Geek pod Faunas of ths CatadoGan Sooke of the Girvan 


South-West Ayrshire”. 


Uxivirsrry of LONDON (m the W 
St Mary’s Hospital aa School 
at & p.m.—Prof. G, 
Glucocorticoids and oa 

INSTITUTION OF ELECTRIOAL Braa 


avoy. tues, London, W.0.2) 
pment of the 400 kV. 


t-Fleming Institute Theatre, 
orfolk Place, London, W.2), 
oes “Current Concepts : 


WED, EPN SEOTION (at 
at 530 p. m—Mr. | . Jancke “The 
Network in Sweden 


UNIVHRSITY COLLEGE (in the Physics Theatre, Gower Street, 
London, W.C.1), at 6.80 m. Prof. AL Nicolet (Institut Royal 
Météorologique de Belgique): “Solar Radlations and their Effects 
on the Upper Atmosphere” K (Further lecture on May 12.) 


CHALLENGMR Soorety (at the Linnean Society, Burlington House, 
Piccadilly, Tendon, W.1), at 5.45 p.m-—Annual General pee 
Koved by, E | F. P. Herdman. ‘Modern Trends in 

goin OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1), at 6 pm —Mr. C. AM. V les: ‘Petroleum People—Planning 
for To-morrow" (Pregidential ddress). 


Socraty oy INSTRUMENT TECHNOLOGY (at rae Pr Eno 26 Port- 
land Place, London, bee at 7 p.m.—Mr, A. E. Ada Reoord- 
ing Stereocomparator”’ 


ROYAL InsrErUTION fat 21 Albemarle Street, London, W.1), 
8 p. nore O; R. Frisch, F.R.8.: “Are the Laws of Nature aol 
metrical ?’’ 


Thursday, May 12 


PHYSIOAL Soorery, OPTIdAL GROUP (at the National Physical 
Laboratory, Teddington, Middlesex), at 11.15 a.m.—Salentific Papers. 


ROYAL Soormry (at Burlington House Seen ae Fe Oleg an W.1) 
at 4.30 PmaaProf. P, AL S, Blackett, FR A. Ol 

Mr. P. H. 8. Stabbs’ “An Analysis of Rock Sea Data”; 
W. H. ion. F.R.S.: “The Origin of the Solar System 


INSTITUTION OF HUHOTRIOAL oe (at Savoy Place, London 
W.C.2), at 5.30 p.m.——Dr. J. H. Mason. “Tho Resistance of Sheet 
Insulation to Surface Dcesae” > 


ROYAL AERONAUTICAL SOOIMTY, ASTRONAUTICS AND GUIDED FLIcu? 
SEOTION (at the Institution of Mechanical Engineers, 1 Birdcage Walk 
London, 8.W. Dy at 6 pm.——Mr. J. E. Allen: “On Reducing Costs of 


Space 
Friday, Mayf!3 


BOYAL ASTRONOMICAL Socrmry (at as Na, sd Hone ak n House A ME 
London, W.1), at nea th a —Prof, V. A Tho 
Hvolution of ’ (George Darwin Memorial Lecture) 


APPOINTMENTS VACANT 


APPLICATIONS aro invited for the following appointments on or 
before the dates Era pol 
duate, preferably a degres 


ASSISTANT, Grade B (gra possessin 
which includes fe ae subjects and chemiesty or p hyaica) IN THE 
ATURAL teach biology to GOE. “A” level, 
human biol “GOT. level, and elemen solence--The 
Prin Derby and District College of Teshnology, Kedleston Road, 
Derby (May 14). 


“on 
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ASSISTANT EXPHRINENTAL OFFIOHR (maduate in ter apconr pe but 


ars dua in 1860 Ona, for soul and piant analysis with 
eet flel ariments, at flat near Lincoln and later near 
Bury St. Hdmun Secretary, Rothamsted Experimental 


Station, Harpenden, Herta (May 14). 
L&OTURMES And ABSIETANT Vaoreieie: iih research lera la 


inorganic chemistry, polymer omin or polymer physics) IN 
CHEMISTRY—~-The Registrar, Manches allege of Science and Tech- 
nology, Manchester 1 (May 14}. 

LSOTURHRS or ISTANT LECTURERS IN MATHEMATIOS-—Tho 
Registrar, The Manchester College of Scsence and Technology, Man- 


chester 1 (May 14). 

RESHARCH ASSISTANT (qualified in biochemistry, physio 
zoology TO THE PROFESSOR oy Zooroay—The tary, Queen 
reg niversity of London), Campden Hull Road, Lon- 


don, W.8 int 
RESHAR Ae IN ELECTROPHYSIOLOGY IN THE DEPARTMENT OF 
ecpancently PSYOHIATRY, to take part in research into the actions 
sS ids on the brain in experimental animals and even y be 
nape He the primate section of this programme—The Assistant 
ie Rogar, The Medical School, The University, Burmmgham 15 
ay 
SENIOR LEOTURRRS IN METALLURGY, ALATHEMATICS OR STATISTICS, 
PHARMACHUTIOAL MICROBIOLOGY, and PHARMACOLOGY ; LEC- 
TURERS IN TAEORNTIOAL CHEMISTRY, MATHEMATIC8 AND PHARMA- 
csuTiog—The Bursar, College of Advanced Technology, Gosta Green, 
are 4 quotang abd y se 
ASSISTANT UREE IN ORGANIO CHEMISTRY—The Secretary, 
The Queen’s University, Belfast (May 16). 
ASSISTANTS (8) (two m organic chemistry and one im imorganic 
chemistry) IN THE >My 20), OF CHEMISTRY-——The Secretary, The 


OAL ENGIVHERING—The Registra, 
ane b0 ee (University of London), Strand, Dain. W.C2 
ay 


ASSISTANT IN THN DEPARTMENT OF NATURAL PHILOSOPHY-—The 
Secretary, he University, Edinburgh (May 21). 


ASSISTANT aeda graduate, preferably wit 
Paeon ) IN THR DRPARTMHNT OF PuysnioLoGY—The Secretary, 
College, Harlsfort Terrace, Dublin (May 21), 

CN rire IX AGRICULTURAL MIOROBIOLOGY IN THE ag re 


a B.Sc. degree im 


and Lobe 


i Sse a sf 


good honours degre & 
holding the degreo of GEOGRAPHY — 
University, Nea 

LECTURER (with q eer in pure mathematics 
ae a Sey The Univermty, 36 North 

SHELL STUDENTS (graduates in chemistry or e 
ICAL ENGINEERBING-——The Registiar, See Co 
PODATI l Strand, London, W.C.2 (May 26) 

Lgor IN MBTALLURGY—The Registrar, The Univeraity, 

hilosophy of sclence) 


Sheffield i Olay EHAR 
LECTURER ( 1 interest in the 
In rir ake trar, The University, Hull (May 30). 
DErury (with expemence of handling a and preferably a 
zoological background) TO THE DIRECTOR, Whipsnade Park, to asmst 
the Director in the scientific and anrmal management work in the Park 
—The Secre , Zoological Society of London, Regent’s Park, London, 
N.W.1 (May 3 j. 
LECTURER IN EDUCATION; and a LEOTURBER IN GEOGRAPHY in 
the Faculties of Arts and Economica, University of ‘Adelaide, Austtaha 
o Secretary, Association of Universities of the Bntish Common- 
wealth, 36 Gordon Square, London, W.0.1 (Australia, May 81). 
LYOTURER IN GEOLOGY with special reference to aspects Economié 
Geology and, in particular, to the Geology of Coal and_Ou—Tho 
Roasts r kings College (University of ham), Newcastle upon 


Aaa ie a IN THR DEPARTMENT OF ANATOMY at the Uni- 
versity of the Witwatersiand, Johannesburg, South Africa—Tho 
Secre , Association of Univermties of the British Commonwealth, 
$6 ao ; on Square, London, W.C.1 (South Africa and London, 

I). 


IX THR DWPARTMMNT OF FUEL TECHNOLOGY AND 
CHEMIOAL HNGINHERING--T'he Registrar, The University, Sheffield 


(June 1). 

UNIVERSITY LEOQTURER or DRMONSTRATOR (with qualifications in 
chemical or mechanical engineering, physical chemistry or bal 
IX THEA DEPARTMENT OF CHEMICAL ENGINEERING—The Secretary of 
the Appointments Committee, Department of Chemical Engineering, 
Pembroke Hated Cambridge (June i). 

LECTURER ( with a qualification in biochemistry and preferabiy, a 
medical cation) IN CHEMICAL PaTHOLOGY—The Dean, St 
Thomas’s Hospital Medical Sehool, Er Eeey S.E. (June 4). 

SENIOR TUTOR/DEKONETRATOR IN Paysioa at the Univeralty of 
Sydney, Australa—Association of Universities of the British Common - 
Mera 86 Gordon Square, London, W.0.1 (Australa and London, 
June 4 

LECTURER (preferably with a medical degree) IN OneMICAL 
Parnotoay at the Univeralty College of the West Indies—The 
Secrotary, Senate Committee on Colleges Overseas in Special Relation, 
University of London, Senate Houss, London, W.C.1 (June 6). 

CHAIR OF PHYsICs—The , The University, Burmingham 1 
Sen LECTURERS (registered veterinary surgeon, preferably with 
OAL 
an interest in obstetrics, infertility and in | reproductive diseases es) 
Du 


IN MATHE- 
ey, Durham 


eeting) IN CHEAM- 
ge (University of 


IN a PRACTICR--The Registrar, Trinity College, 

Juns 20 

; SCIUNTIFIO ASSISTANT (with a biological degree, the ablhty to m 
correct Rnglish and preferably some knowledge of foreign  illogton 
for work which peak the abstrac an coven of b biological 
hterature—The Director, Commonwealth Bureau of P 


and Genetics, School of Agriculture, Cambndge (June OB). 
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LECTURER (with special qualficationa or experience in monano 
ohemistry) IN INORGANIO CHEMISTRY at the University of Canterbury, 
Christchurch, New Zealand—The Secretary, tation of Univer- 
sities of the British Commonwealth, 86 Gordon Square, London, W.C.1 
(New Zealand and London, June 30). 


LINCOLN PROFESSOR OF CLASSICAL Bhoniny is AXD ART—-The 


dilly, London, W.1 ‘(October 81). 

ASSISTANT, Grade 
Advanced Level with some general gsclence—The Principal, Peter- 
borough Technical College, Hastfleld Road, Peterborough. 

SRAT (Basico grade)—The Secretary, 8t. Heler Hospital, 

n, Surrey. 

CHAIR o¥ PHYSICS; and a CHAIR OF BIOLOGY In the Royal Univer- 
aly of Malta—The Secretary, Inter-University Counci for Higher 

uea uon Overseas, 29 Woburn Square, London, W C.1. 

CABMIST or BICOHENMIST (with a good honours degree in pelea aged 

or biochemistry and preferably with postgraduate experience) Ix 
THA RADIOBIOOHEMIStTRY DEPARTMENT, for biochamical research 
involving the use of radioactive aolopra and ın particular carbon-14 
and titium—Tho Secretary, National Institute for Research in Dairy- 


Shinfleld, Reading, quo 
Dre eE {well qualificd candidates) 


STRUCTORS or ASSIS 
IN TEH DEPARTMENT OF OHEMIBTREY—-Prof. C. A. McDowell, Depart- 


ment of Chemistry, University of British Columbia, Vancouver 8, 


B.0., Canada. 
IN MaTapuarios—The Registrar, Bradford Institute 
of Tochnology.. Bradford 7. 
MICROBIOLOGIST, to participate in reasearch dealing with the origin, 
ee and utilization of fossil fuels—The Secretary, Researcl: 
Council of Alberta, 87th Avenue and 114th Street, Edmonton, Alberta, 


PHYSICAL MRTALLURGISTS or PAYSIOISTS Ais resesroh eap arlene) 
IN THR PHYSIOAL METALLURGY DIVISION, partment of Mines 
Technical Surveys, Canada, to work with a group carry out funda- 
mental investigations in metal physics—Dept. AI.T.S., National 
Government of Canada, 61 Green Street, 


Employment Service of the 
psi bits “(basic grade)—The Secretary, l Free Hospital, 
AY SLOW? BIG 8 8 Roya osp 

cays Inn Road, London, W.C.1 

PRINGIPAL LECTURER IW NOG ANALYSIS, & SSNIOR LECTURER 
IN STATISTICS, and an ASSISTANT (Grade B) IN THE DEPART- 
MENT OF ALATHEMATIOS—The Principal, Welsh College of Advanced 
Technology, Cathays Park, Cardiff. 

RaSBAROH ASSISTANT (with a physics, mathematica or engineering 
degree, and interested in heat transfer and calarly in computa- 
Hiona) work in that fleld}, for an onginal Investigation into the transient 
” epee e T in ing Depart of ieam kara r e D. 

o opartimen an ege, 
a pata Rea London, 5 W.7 

SCYENTIFIO OFFIOBR (with an ` honours in chemlstry) at 
Northern Outfall Werks. Beokton, London, 4.6, for control, develop- 
ment and Tesearch-Modioal Officer of Health (D.1/A), County 
London, 

RENIOR GEOLOGIST (with a Ph.D. degree in sedimentary geology 
and an interest in stratigraphy) WITH THE PETROLWUM AND NATURAL 
.GA8 BRANOH of the Denartnest of Mineral Resources, Regina, Sas- 
katchewan, Canada, to prepare reports for publication on strata 
considered to havo. petroleum possibilities—The Agent-General for 
Saskatchewan, 19 Ohester Mews, London, 8.W.1 

BHNIOR LABORATORY TROHMICIAN, to be responsible for the new 
physics teaching laboratories and lecture demonstrations up tod e 
standard—-The Secretary, King’s College, Strand, London, W.0.2, 
quoting Ref. 3072. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Northam phot College of Advanced Technology. Report of tho 
Governing Body for the year 1958-1959. Pp. 23. Prizes and Oertifi- 
cates, Seasion 1968-1059. Pp. 24. (London Northampton College of of 
Advanced Technolo 1960. 

Annual Review of the Bri Kisetronic Engineering iaa 
TER ae Pp. 28. (London: British Blectronic Engineering SHOE On 


Trok cathe: Oo., Ltd. Geological Laboratory and Held 
io . i424. (London : Outrock Enginesring Oo., 


ues 
Report on Defence 1960. Pp. 18. (Omand. 952) (London: H M. 
dintianary Office, 1960.) 1s. net. [192 
ares A of Agrioulture, Fishemes and Food. Bulletin No. 179: 
Identification of Seedlings of Common Weeds. By BR. J. Chancellor. 
Pp. ti+72. (London: H.M. Stationery Ofiice 1959) as. 6d. net. [192 
istry of Agriculture, Fisheries and Food Orop Protection 
Products Approved Scheme—Approvod List 1959-80 Pp. 64. (Lon- 
don’ Ministry of Agriculture, Fisheries and Food, 19860.) {192 
Philosophical Transactions of the Royal Society of London. Series 
A? Mathomatical and Physical Sciences. No. 1008, Vol. 252 (18 
Febru 1966): On Adsorption at the OL/ Water Interface and ue 
Calculation of Electrioal Potentials in the Aqueous Surface ei 
Noutral Molecules and a Simplified a Snn, for Tons. oe 
Haydon and F. H. Taylor. Pp. 225-248. 7s. 6d. No 1010, Vol ieee 
(18 February 1960)" The Oauchy Problem for Elastic Waves in an 
Anisotropic Medium, By G. F. D. Duff. Pp. 249-278. Bs. we. 1011, 
Vol. 252 ver oe 1960): Atmospheric Waves Oaused b 7 Large 
Explostons. T K, Hunt. R. Palmer and Sir Willam enner 
Pp. P376-815. tA Tondon Royal Society, 1960.) {1 
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B.C.I.R.A. Journal, Vol. 8, No. 1 


lia which is incorporated tho 
B.O. LRA. ta). 


Buletin and Foundry Abs Pp. 162. Subscription 
rung area £8 6s. Od. per annum; Dollar area 20 dollars per 
(Alvechurch, Birmingham . British Oast Iron Research 
Association, {192 
British Steal Castings Research Assocation. Date Sheets on Moulding 
Sands. Second, revised and enlarged edition. + eer go Poe (Sheffield . 
British Steel Castings Research Association, 1960.) 30 [192 
Scientific Council for Africa South of the Sahara. Publication No. 


annum. 


37- Tenth Meeting of the Scientific Council, Kampala, 1959. Pp. 135. 
Stee : Secretariat, C.0.T.A./0.8.4., Abbey House, Victoria treet, 

Research in Veterinary Sctence, T 1, No. 1 (Jan 1960). (A 
Journal of the British "veterinary Ansi tion.) Pp. 93. Published 
oer , Annual subscription: 90s. post free. ingle issues 258, 
Oxford Blackwell Scientific Bee eer 1860.) [192 

Beyond Nthilism. Prof. Michael Polanyi. (The Thirteenth 
Arthur Stanley Hdd n Mamorial Lecture, 16 February 1960.) 


Pp. lv+37. (Cambridge: At the University "Press, 1980.) 3e. ae 


net. 

British Universities Film Counc. The Use of Film in Teac 
and Research in British Universities 1959, (A Report of an investiga 
tion carried out in selected Paoa a E by a Sub-com- s 
mittee: G. &. H. Foxon, H. B 0. J. Duncan.) Pp. 24. 
(Newcastle upon Tyne’ J. Duncan, Hon. Secretary, British 
cai Fum Council, ais The Medical School, King’s Coneaes 


Planning, Vol. 26, No. 439 (22 February 1960 The Market for 
Coal. Pp. 87-64. (London: Political and is Planning, 1960. i 


3s afldin Research Station Digest, No. 131 oa ls 
Hirternal ered Finishes. Pp. 4. (London: H.M latloner: 
Office, 1960.) 4d. 


Other Countries 


United States Department of the Interior: Geological Survey. 
rator apply Taer 1808: Compilation of Records of Surface Waters 
of the Um Sta through September 1950. Part 6: Hudson Bay 
ane Upper, Mississippi Biver Basins. Prepared under the direction of 

Wolls. Pp. v+708+1 plate. Water-Supply Paper 1315—A 
TALIN of Records of Surface Waters of the United States renee 
September 1950. Part 11-B: Pacifico Blope Basins me © 
Central Valley. Prepared under the direction of J. V. B. 
v¥+458-+1 plate. bib tah Paper 1508: Surface Water Supp y 
of the United States, 1957 t2—-A: South Atlantic Slope Basins 
James River to Savannah River. Prepared under the direction of 
J. Y. B. Wells. Pp. vin +328. 1.25 dollars. ee ed Cae 1507 : 
Surface Water or puppy or the United States, 1957 Bt. - 
rence River pared under the direction of J..V. B. Wells. 

Omice 1968) 1.25 dollars. (Washington, D.C.: Government t Pring 


OT ti States Department of the Interior: Geological ey 


Professional Pa 318-A : The Phosphoria, Park Olty end Shedhorn 
Formations in the Western Phosphate Field. By YV. B. MoKelvoy and- 
others. Pp. vár +3 plates. 1 dollar. Professional Paper 316-0. 
onal ical Inves aons of the Lisbon Valley Area, Utah 
ona Bdwa ly and H. R. Joesting. Pp. ili +- 
30-50 + lates 6-8. DRET aper 354~A * Intrenched Meanders 
of the North Fork of the Shenandoah River, Virginia. By John T, 


Hack and Bonert 8. aS A 


Pp. 111 +10-+1 plate. 20 cents. (Wa 
ton, D,0.: 1980.) 


rinting Offices, 1 1 
: Zoology. Vol 4r, 


Chicago Rotor History Museum. Tieldians 
No. Birds from Gabon and Moyen Congo.” By Austin L. Rand, 
Ferber Friedmann and Melvin A. Taylor; Jr. . 1+4+221-411 
(Chicago: Ohleago Natural History Museum, 1959.) 8.50 dollars. [102 
Transactions of the American Philosophical Society, New Series. 


VoL 50, Part 1: apo rapan The Individual and the Group, 
By Y. 8, Matsumoto. Pp. 75. 2 dollars. VoL 50, Part2. Studies in 
Byzantine ETETA "Terminology. By Prof. O. Ne 
te 1.50 dollars. (Philadelphia: American Philosophical 

Bulletin of the Florida State Museum, Biclogical Sciences. Vol. &, 
No 2: A Bilsterally Syao ronron Hypodynerus, and a Summary 
of © a Origins of Such Mosaic ymenopiora. ‘Blology of Humen- 
ine reg See y Kenneth W. Cooper. 25-40. 35 cents. Vol 5, 
No.3: How Many Speoips of Birds have ted By Pierce Brodkorb, 
Pp. 41-58. 25 cen (Gainesville, Fla.: Flori State Museur, 
1959 and 1980.) [1902 

United States Department of the Interior: Fish and Wildlife 
Service. Fishery Bulletin No. 183: Contributions of Hudson and 
Connecticut Rivers to New York-New Jersey Shad Catch In 1966. By 
Kenneth J. Fischler. Pp. tv+161-174. (Washington, D.0.° Govern- 
ment Printer, 1959.) 20 cents [192 
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SCIENTIFIC RESEARCH IN THE OVERSEAS TERRITORIES OF THE 
BRITISH COMMONWEALTH 


N a recent book, ‘The End of Empire”*, Mr. John 

Strachey argues cogently that Britain has oa 
unique opportunity to lead the world in meeting the 
needs of the under-developed peoples and that, in 
doing so, in supplying both materiel means and 
technical skills, she can rise to a new level of national 
greatness. Mr. Strachey does not enter into any 
detail as to how this is to be done, and only passing 
reference is made to the Colombo Plan, the Colonial 
Development Corporation and the Colonial Develop- 
ment and Welfare Funds. Much stress is, however, 
laid on the replacement of the old conception of 
¢Colonial’ by something wider, perhaps even wider 
than that of ‘Commonwealth’, though Mr. Strachey 
readily admits that the idea and the structure of the 
British Commonwealth offer possibilities of genuine 
advance. 

From this point of view alone there is much to be 
said for the oreation of the Overseas Research 
Courtci® though it is all the stranger that it should 
have been left for a question in the House of Com- 
mons to elicit the statement that the Colonial 
Research Council was dissolved in August 1959, and 
that its functions as an advisory and co-ordinating 
body now fall to the Overseas Research Council, 
which 1s responsible to the Minister for Science and 
operates in relation to overseas research generally. 
This was stated by Mr. Ian Macleod, Secretary of 
State for the Colonies, on March 10, and accordingly 
it would seem that ‘Colonial Research 1958-59’, 
which includes the report of the Colonial Research 
Council on Colonial research during the year 1958—59, 
along with the “reports of the several specialist 
advisory bodies and one on regearch matters not 
covered by their reports, is the last to appear from 
the Colonial Research Council. Although, however, 
the covering letter submitting the report is dated 
November 4, 1959, no reference is made in any of 
these reports to the change, nor ıs any indication 
given as to the proposed future policy in regard to 
publication. 

It would be difficult, however, to over-stress the 
importance of the work which has been briefly 
described in the reports collected under the general 
title “Colonial Research’’ during the past decade, 
and comments recently made by Dr. B. V. Bowden, 
principal of the Manchester College of Science and 
Technology, in two articles in The Guardian of 


*Ths Hnd of Empire. By John Strachey. Pp. 351. (London: 
Vietor Gollancz, Ltd., 1959.) 30s. net. 
Colonial Office, Colonial Research 1068-1959: Re of the 
nial h Oouncil; Committee for Oolonfal cultural, 
Health and F ; Colonial Koo o 
. nial erfes Adviso Committee Colonial 


Committee; Colonial tictdes Research Com- 
mittee; Colonial Products Council; Colonial Road Research Com- 
mittee: Oolonial Soclal Sclances Research Oo : 

Committee ; Director, Anti-Locust Research Centre : 
and Research Matters not covered by the above Reports of the 
Spesialist Advisory Bodies. Pp. 419. (Omnd. 988.) (London: H.AL 
Stationery Office, 1959.) - 


March 9 and 10 dealing with his recent visit to 
Ghana, show how important it 1s both that such 
work should receive effective publicity and also 
that research work should be stimulated on an 
adequate scale in the university and technological 
institutions of the overseas territories before and 
after they achieve independent status. Dr. Bowden’s 
articles show that the importance of research is ag 
yet far from being understood in these emerging 
nations, or the contribution it can bring to the solu- 
tion of their problems. The research schemes 
supported from Colonial Development and Welfare 
Funds and the research branch of the Overseas 
Civil Service may well increase rather than decrease 
in importance during the next decade. 

The schemes noted in the present report—71 new 
schemes and 63 supplementary—involve grants 
totalling £798,974 and bring the total allotted to 
Colonial Development and Welfare Research Schemes 
since 1940 to £19,493,932; actual disbursements 
now total nearly £14:7 million. Much the largest 
research schemes approved during the year ended 
March 31, 1959, are those for the Tropical Section 
of the Road Research Laboratory (£121,568), the 
Colonial Pesticides Research Unit, Arusha, East 
Africa (£71,188) and the maintenance of the Anti- 
Locust Research Centre, 1958-59 (£66,657) ; £31,405 
was for trachoma research, 1958-60; £23,372 for 
the Desert Locust Survey ; £39,524 for the Tropical 
Metaboliam Research Unit, Jamaica; £22,728 for 
agricultural research in Swaziland; some £31,000 
for the West African Building Research Unit; 
£19,440 for the Colonial Microbiological Research 
Institute, Trinided ; £20,226 for the Seismic Research 
Unit in the Imperial College of Tropical Agriculture, 
Trinidad ; £15,825 for the establishment of a cocoa 
research station in the British Solomon Islands 
Protectorate; and £15,000 for sorghum breeding 
research in East Africa. While no other research 
grants exceeded £15,000, these examples sufficiently 
indicate the vital importance of continued support 
from the United Kingdom, both in respect of the 
nature of the schemes and the financial resources of 
the territories concerned, even when due regard ig © 
had to the assistance already given by the Colonial 
governments from their own resources. 

Tt is obvious from these figures that the research 
schemes represent a relatively minor proportion of 
the assistance already being given to the lesser 
developed countries from British Government funds. 
The White Paper “Assistance from the United King- 
dom. for Overseas Development’’* put the total at 
£138 mullions in the current year alone, an increase of 
£57 million on 1957-58, and although the former 
sum represents about 1-25 per cent of the national 


* “Assistance from the United dom for Overseas Devel A 
omnd. 074. Pp. 10. CHALB.O, 1908) La net moment: 


* 2% 


502 


income of the United Kingdom, the White Paper 
urges the need to continue and if possible increase this 
effort. It may well be that the proportion going to 
research schemes is the one that, apart from educa- 
tional assistance, most urgently needs increasing and, 
as already suggested, the need may become even 
more urgent as the Colonial territories achieve inde- 
pendence. About 33 per cent of the gross allocation 
of Colonial Development and Welfare Research 
Funds has been for agricultural, animal health and 
forestry schemes, 17 per cent for medical research, 
9 per cent for fisheries research, 10 per cent for tsetse 
and trypanosomiasis research, 8 per cent for social 
science and economic research, 9 per cent for pesti- 
cides research, 5 per cent for research sponsored by 
the Colonial Products Council and 3 per cent for anti- 
locust research. Frequently such research involves 
the co-operation of research institutions and organiza- 
tions working in several territories, and it may not 
be easy for a newly independent territory always to 
appreciate the significance of such work or the factors 
determining its success. A similar observation might 
be made of some of the work described in the section 
of ‘Colonial Research’? which deals with research 
matters not covered by the reports of the specialist 
advising bodies. Building and housing research, for 
example, largely relies on the work of the Tropical 
Building Section of the Building Research Station of 
the Department of Scientific and Industrial Research 
in Britain. The Geodetic and Topographical Surveys 
and the Geological Surveys as well as meteorological 
research also depend largely on assistance from the 
United Kingdom, and although in East Africa there 
is a flourishing Industrial Research Organization, 
elsewhere the Crown Agents’ Engineering Advisory 
Service assists and advises overseas officers on & 
wide range of technical matters; reference is also 
made particularly to advice given overseas by the 
Water Pollution Research Laboratory. 

In much of this work man-power is an important 
factor. Twenty-five new appointments brought the 
total complement of the Research Branch of the 
Overseas Civil Service to 207 in March 1959. There 
was also a Research Fellow studying nematode 
damage on East Africa crops, who completed his 
investigations during the year, and a second continu- 
ing work on human trypanosomiasis at the West 
African Institute for Trypanosomiasis Research ; 
two further Research Fellowships were awarded for 
work at the University College of the West Indies 
as well as two research studentships in medicine 
and one in soil science for training for research 
appointments overseas. 

Measured against the tasks still to be undertaken, 
let alone completed, this man-power seems slender 
even, when allowance is made for the substantial 
contribution made by British universities and the 
staffs responsible to the several research councils 
such as the Council for Scientific and Industrial 
Research, the Medical Research Council and the 
Agricultural Research Council. The question of 
man-power is undoubtedly one of the most important 
which the Overseas Research Council will have to 
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face, and it should be able to count on the full support 
of the Advisory Council for Scientific Policy, perhaps 
the more especially since the recent inquiry into 
scientific and engineering man-power in Great Britain 
conducted for that Council by its Committee on 
Scientific Man-power made no estimates of the 
demand for such man-power overseas. The proceed- 
ings of the Commonwealth Education Conference 
again show how important it is that the overseas 
need should receive full attention in planning the 
expansion of university and of technological educa- 
tion. 

In this context the new Overseas Research Council 
will require to work in close association with the 
Scientific Council for Africa South of the Sahara and 
with the Commission for Technical Co-operation in 
Africa South of the Sahara. The recently published 
report of the tenth meeting of the Scientific Council* 
gives no indication of the resources at the disposal 
of either the Council or the Commission ; but, quite 
apart from the extent to which many problems in 
Africa depend on international co-operation for their 
solution, it is obvious that every effort should be 
made to avoid duplication of effort, and to use the 
limited resources of scientific and technical man- 
power as wisely as possible and where the um 
advantage to the general benefit can be obtained. 
Reference is already being made to the increasing 
difficulty in co-ordinating agricultural research pro- 
jects, for example, owing to the speed of developments 
in Africa, and only international action can hope to 
solve the problems raised by the destruction of 
natural resources in Africa. 

There are indeed signs that co-operation is deveidp- i 
ing. An Inter-African Conference on hydrology is to 
be held at Nairobi in January 1961, and the Inter- 
African Pedological Service, which was expected to 
be fully staffed by the autumn of 1959, reports 
progress with the pedological map of Africa except in ` 
West Africa. The Inter-African Soils Bureau is 
directing its activities more towards liaison between 
technical organizations working in Africa and is 
seoking to play a more dynamic part. Inter-African 
Conferences on Soils and on Forestry have already 
been. held, and the Food and Agriculture Organization 
of the United Nations intends to set up in Africa a 
regional forestry commission as in other continents. 
Other examples are to be seen in the Inter-African 
Bureau for Epizootic Diseases, the function of which 
in examining requests for technical aid in the field 
of animal diseases is likely to develop in future, the 
Inter-African Conferences on Housing and Urbaniza- 
tion and on Labour, of which two and six, respec- 
tively, have already been held, and the Inter-African 
Committee on Maps and Surveys. 

One note of caution should be sounded in respect 
of any developments depending on the Scientific 
Council for Africa South of the Sahara. Among the 
participants are the Union of South Africa, which 
indeed supplies the present chairman in the person of 
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Dr. P. 8S. du Toit, and Dr. S. M. Naudé as an ordinary 
member. Recent events in South Africa and the 
general policy of the South African Government must 
make it more than ‘doubtful whether the continued 
support of that Government can be expected, and 
even whether its membership of the Council will 
continue to be acceptable to other countries. The 
ultrmate effect of the South African Government's 
policies towards the universities and eventually to 
scientific research is likely to stultify the value of 
much of its contribution. 

The picture of co-operation provided in ‘Colonial 
Research 1958-59” is much more reassuring. Much 
the longest of the reports of the ten specialist advisory 
bodies is that of the Committee for Agricultural, 
Animal Health and Forestry Research, which occupies 
more than 170 pages out of a total of 419. Besides 
stressing the importance of the work being done 
by the Commonwealth Institute of Entomology, the 
Commonwealth Institute of Biological Control, the 
Commonwealth Mycological Institute and the Depart- 
ment of Statistics at the Rothamsted Experimental 
Station, this report deals at length with the work of 
various regional organizations such as the East Africa 
Agriculfure and Forestry Research Organization, 
the East Africa Veterinary Research Organization 
and the West African Cocoa Research Institute. 
- The much shorter reports of the Colonial Fisheries 
Advisory Committee and the Colonial Social Science 
Research Council are likewise much concerned with 
the work of regional bodies. But the report of the 
Colonial Pesticides Research Committee, by and 
large,. depends on the work of such co-operative 
venkuires as the Colonial Pesticides Research Unit at 
Porton, the Agricultural Research Council’s Unit of 
Experimental Agronomy at Oxford, the Silwood 
Park Field Station of the Imperial College of Science 
- and Technology, the Colonial Pesticides Research 
Unit, East Africa, and the West African Fungicides 
Team. 

The bulk of the work of the Tsetse Fly and Trypano- 
somiasis Committee is carried out through the East 
- African Trypanosomiasis Research Organization and 
the West African Institute for Trypanosomiasis 
Research, while that of the Anti-Locust Research 
Centre on locust research and control 1s peculiarly 
dependent on political factors which may retard or 
favour international co-operation. This year’s 
report refers to a notable tendency to expand and 
strengthen international co-operation both in locust 
control and in these lines of research which provide 
a basis for practical anti-locust measures. The 
Director refers appreciatively both to the help given 
by the Food and Agriculture Organization, the 
United Nations Educational, Scientific and Cultural 
Organization and the World Medical Organization, 
and to progress made in research on problems of 
locust biology. 

In such conditions it is imposmble for scientific 
and technical research on problems of the Colonial 
or Overseas Territories to disregard entirely the 
political situation, at least so far as it affects the 
conditions in which scientific and technical work is 
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pursued. It would indeed be wrong if scientiste and 
technologists failed to make representations when 
particular policies threaten the conditions in which 
creative work, effective co-operation between scien- 
tists and technologists of different nationalities or 
races, or the free interchange of scientific and technical 
knowledge, are possible. ‘‘Colonial Research 1958-59” 
provides an unpressive picture of the effort which is 
already being made in Great Britain to serve the 
Overseas Territories, whether dependent or inde- 
pendent. But there is no room for complacency ; 
expansion is an urgent need. It is the more important, 
therefore, that the political conditions which determine 
its efficiency and effectiveness should be clearly 
understood, and that government policies should be 
such as to encourage and not hinder or frustrate the 
essential co-operation and the creative work which 
have so much to bring to the welfare and develop- 
ment of the less advanced peoples. 


MODERN PHILOSOPHY OF 
SCIENCE 


Modern Philosophy of Sctence 

Selected Essays. By Hans Reichenbach. Translated 
and edited by Maria Reichenbach. Pp. ix+214. 
(London: Routledge and Kegan Paul, Ltd.; New 
York: Humanities Press, 1959.) 28s. net. 


HIS book contains eight articles by the late Prof. 

Hans Reichenbach, only one of which has previously 
appeared in English. Five are translated from earlier 
appearances in German, and two, concerned with the 
ethical problem, are compiled from MS. notes left by 
the author. The translation and editmg have been 
carried out by the author’s widow, Mrs. Maria 
Reichenbach, and there is a short foreword by Prof. 
R. Carnap. A valuable feature of the book is a 
complete bibliography of Reichenbach’s writings 
which is appended. 

Reichenbach was one of the founders of the logical- 
empiricist school of philosophy which came into 
being mainly through the philosophical implications 
of the theory of relativity, and throughout his life he 
remained one of its ablest and clearest expositors. 
Anything from his pen is worth reading. Nevertheless, 
it is doubtful whether the present volume was a well- 
advised venture. Much of the material has been 
incorporated in better form in work published by 
Reichenbach during his lifetime, and some of the 
remainder—particularly the first essay, which replies 
to some early objections to relativity——is no longer 
of vital interest. The immediate philosophical 
reaction to the relativity theory was the charge that 
it violated certain fundamental philosophical prin- 
ciples and therefore could not be true. This is now 
generally acknowledged to have been due to a mis- 
understanding. It is clear that, so far as such prin- 
ciples are concerned, the theory could be true: the 
important question now is whether it is true. The 
criticisms which Reichenbach set out to answer in 
1921 have long ceased to trouble anyone. 

The essay on “The Freedom of the Will’, together 
with a short note on “The Explication of Ethical 
Utterances’’, constitute the part of the book not 
previously published. This was well worth issuing, 
for it presents in more detailed form ideas already 
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adumbrated.in ““The Rise of Scientific Philosophy”, 
published in 1951. The thesis maintained is that 
while determinism excludes complete freedom of the 
will, probabilistic causality does not, and a “non- 
cognitive theory of ethics” is advanced of which the 
essence is “the recognition of the non-logical relation 
between knowledge and action”. This is consistent 
with the author’s general philosophy of science, of 
which “The Rise of Scientific Philosophy” gives an 
admirable account. Owing to the much more specu- 
lative nature of the subject, however, it is scarcely 
likely to carry the same conviction as the epistemo- 
logical discussions which are more directly related to 
the actual content of modern physical theory. 
HERBERT Direrm 


SOCIOLOGY: THE NEW HOPE 


The Sociological Imagination 

By C. Wright Mills. Pp. vu+234. (London and 
New York: Oxford University Press, 1959.) 36s. 
net. 


HIS book has, in effect, three themes: (1) a 

sociological account of the present state of the 
social sciences themselves, and particularly of the 
state of sociology in the United States; (2) recom- 
mendations concerning what the social sciences should 
be like, and finally, (3) reflexions on our times. The 
three themes are, of course, closely interwoven, 
for the account of current sociology is largely a 
condemnation, which calls for a specification of a 
better way, while the diagnosis of how the ills came 
about requires & discussion of the wider social factors 
responsible for them. 

At the root of sociology and the social sciences lies 
a great hope and a promise—of a kind of collective 
self-knowledge. If there is one thing which ought 
to be obvious (though there are still people to whom 
it is not) it is that society constrains us, that our 
lives, thoughts and aims are, at the very least, 
conditioned by a social framework we never made or 
chose, and in a way we often do not understand. 
Sometimes, and for those fortunate enough to be in a 
congenial environment, this is no source of sorrow : 
but when the imsight is combined with a partial 
rejection or failure of current values and institutions, 
it leads to a hope of control through knowledge. This 
hope, as.Prof. Malls reminds us, was at the origin of 
sociology, and it still powerfully animates him-—=if 
not all his colleagues. 

If there is one country where this hope might be 
thought to have better expectations of fulfilment 
than elsewhere, it is the United States, where sociology 
is a recognized and extensive profession, where it is 
neither muzzled (as it is behind the Iron Curtain), 
nor ignored as the dubious fad of a marginal minority. 
In fact, the picture in the United States is not at all 
rosy, despite the number of sociologista and the 
recognition they receive. Prof. Mulls provides an 
explanation, and he does it brilliantly. 

A good deal of the output of the flourishing 
American sociological profession consists, using Mills’s 
terms, of “Grand Theory” or of “Abstracted Empiri- 
cism”, “Grand Theory”, not to put too fine a point 
on it, is simply pretentious verbiage of a kind which 
has to be read to be believed. Prof. Mills charitably 
says that it does contain some ideas, and heroically 
extracts them for us. The respectable mice rescued 
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from under the mountains of rubbish are insights— 
valid so far as they go and well suited for any system- 
atic treatment of societies—such as that social life 
consists of the interaction of individuals with reason- 
ably stable reciprocal expectations, with shared 
values which had been inculcated by a common 
background, and so forth ... (but not for very long, 
for this is nearly all there 1s in it). 

“Abstracted Empiricism” consists of the prolifera- 
tion of ritualized, standardized surveys, usually by 
means of questionnaires, in which the collection of 
dubiously valuable or even reliable data is guided by 
little thought or concern with genuine questions. 
The blindness of such “Abstracted Empiricism” 
complements the emptiness of “Grand Theory”. 

Prof. Mills gives us a convincing account of how 
these fashions came to be dominant. Their roots are 
various: the emulation of a false image of natural 
goience, an image which was mistaken anyway, 
and which in any case, even if it were valid, could 
not be easily re-applied to social matters ; the shift 
of the practical impulse from, roughly speaking, help- 
ing the poor to helpmg sales promotion and the 
manipulation of personnel; the safe political inno- 
cuousness of the new practices; the (probably 
inevitable) bureaucratic ethos inherent in the adminis- 
tration of foundations, expensive and large-scale 
research, etc. (Natural scientists are fort®nate in 
that the traditions of their subject were well estab- 
lished before our present era. One shudders to think 
what might have happened had the foundations 
existed in the early days of the Royal Society.) 

Prof. Mills attempte to do more than describe and 
analyse the current ills, he also hopes to remedy them. 
His recommendations to sociologists are sound and 
perceptive. So are his reflexions on our times 
and part that thought and valuation can play in 
the modern world. I only fear that he may implicitly 
—in trying to stem the tide—be too optimistic, that 
the general social factors on the other side are too 
strong. I hope I am wrong. 

But this is not a book which will stand or fall by 
either the soundness or the success of its positive 
recommendations. It is already fully justified by the 
admirable account offered of an important if unattrac- 
tive phenomenon, and one which is playing a very 
significant part in American life. This was, so to 
speak, a necessary book. Somebody had to write it, 
and we can all be thoroughly grateful that the some- 
body was Prof. C. Wright Mills. E. GELLNER 


DAIRYING IN GREAT BRITAIN 


The United Kingdom Dairy Industry 

Edited by Prof. E. L. Crossley. (Prepared under the 
auspices of the XV International Dairy Congress on 
behalf of the United Kingdom Dairy Association.) 
Pp. vii+ 1424+16 plates. (London: United King- 
dom Dairy Association, 1959.) 


HIS book was written to mark the fifteenth 

International Dairy Congress held in London 
during the summer of 1959; it provides a valuable 
picture of the state of the dairy industry in the late 
fifties. Prof. E. L. Crossley, helped by a list of 
distinguished contributors, has distilled 142 remark- 
ably uncluttered pages of useful information. He 
begins by setting dairying in relation to other branches 
of agriculture and reminds us that milk and dairy 
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producte worth no less than £350 million are produced 
annually on British farms. This forms about one-third 
of the total agricultural output and represents almost 
twice as much milk as was produced for sale in 1935, 
or is produced at the present time in such major 
dairying countries as Denmark, the Netherlands and 
New Zealand. Further, the annual increase in milk 
production has also been considerably more rapid 
than in most other dairying countries. 

From the economic structure of the industry we 
pass to milk production on the farm and the astonish- 
ing changes which have taken place since 1935 in the 
national herd, m milk recording, in artificial insemina- 
tion, in the feeding and management of cows and 
in the demgn and use of cowsheds and milking 
machines. Nor are the advisory services, the neces- 
sary milk tions and the means of controlling 
milk quality overlooked. 

About two-thirds of the book is devoted to dairying 
in its narrower sense, to milk collection, transport 
and reception, to pasteurization, sterilization and 
bottling of milk, with all the machinery these involve 
to-day, to some essentially British aspects of milk 
distribution and to the control of milk quality at every 
stage. Naturally we find also an account of the 
development of a highly efficient dairy technology 
from the traditional farm-house manufacture of 
cream, butter and cheese. 

The book concludes with chapters describing the 
training of young people for the dairy industry and 
outlining the work now in progress at the main 
centres of research. For readers who find here a new 
or wider interest in dairying—and they will certainly 
number more than the overseas Congress visitors 
at whom the book was modestly aimed—there is a 
useful list of general information. This provides a 
ready means of following any topic in greater detail. 
There is also an abundance of good illustrations rang- 
ing appropriately from attractive coloured drawings 
of the breeds of dairy cattle to most appetizing pictures 
in beautiful colour of the industry’s greatest triumph, 
British territorial cheeses at their best. 
l pra C. C. Barom ` 
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CENTRAL AFRICAN SAVANNAHS 


Les Savanes de l'Afrique Centrale 

Essai sur la Physionomie, la Structure et le Dynam- 
isme dea Formations Végétales Ligneuses des Régions 
Saches de la République Centrafricaine. Par Roger 
Sillans. (Emcyclopédie Biologique, Tome 55.) i 
xv +424+2 planches. (Paris: Editions Paul 
Lechevalier, 1959.) 16,000 francs. 

N spite of the wider geographical implications of 
I the title, this book relates directly only to the 
territory of Oubangui-Chari, which with the Camer- 
oons and Moyen Congo to its west, and the Sudan 
to its east, is, from its central position in tropical 
Africa, of more than usual importance for considering 
questions of plant-geography. Based on a doctoral 
thesis by R. Sillans, it is primarily a record of personal 
-observation and study of the savannahs of that part 
of Africa, and more especially of their woody vegeta- 
tion. 

The contents of this book follow an arrangement 
not unusual in studies such as these, with descriptions 
of climate, geography, geology and soils, and a 
general account of the ecological classification of the 
vegetation of Oubangui-Chari, followed by a dis- 
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cussion of the methods employed by the author and 
some of the terms used. After this. preliminary 
matter there is a much moro detailed account of the 
savannah vegetation, together with a floristic list of 
the known woody species. 

The territory shows a range of vegetation from 
lowland rain-forest to woodland and savannah, 
apread over a rather uniform topography, and 
accompanied by gradual climatic changes. As the 
author suggests, there are no natural frontiers to the 
territory. In all, some 3,600 species occur, among 
which are a number of endemics of which the author 
gives a list. This, however, needs some revision : 
for example, Cola gigantea is not endemic, and the 
remarkable Bignoniaceous genus T'tsserantodendron 
occurs also in the Cameroons. The author also 
attempts to give a biological spectrum of the flora. 

That part of the work of most general interest deals 
with the author’s conclusions about how the vegeta- 
tion has evolved. He maintains that the original 
covering of forest or woodland has been and is still 
being destroyed by means of clearing for the purpose 
of subsequent cultivation. Repeated through the 
centuries, this clearing, accompanied by partial or 
complete felling and by firing of the resultant débris, 
has entailed modifications in vegetation, species, soil 
and, perhaps, climate. The forest is replaced by tall 
grassland with more or leas scattered trees, which may 
itself develop into savannah-woodland and ultimately, 
perhaps, again into forest. The savannahs of 
Oubangui-Chari in fact represent, according to the 
author, various stages in seral regeneration following 
cultivation. 

Now, according to Sillans, the original regression 
of the forest is in no way due to bush-fires; not until 
cultivation has resulted in the establishment of grass- 
land can they enter. He considers that their destruc- 
tive effect has been over-estimated, and that they do 
not normally prevent a gradual re-development of 
savannah woodland into forest. No evidence of real 
adaptation of plants to a permanent régime of fires is 
regarded by him as proved ; but there is an interesting 
account of nanism and the ‘suffruticose’ habit bemg 
induced in a species of Bridelsa through repeated 
cutting in connexion with cultivation. 

The problems of the age and origin of bush-fires 
and their effect on the savannah vegetation of 
tropical Africa are still most disputed ; in fact Prof. 
J.-L. Trochain, in a preface to the book, combats 
some of M. Sillans’s views. The ultimate solutions are, 
however, brought nearer by the important evidence 
presented in this work. I am, however, appalled by 
its price of 16,000 francs. J. P. M. Brenan 


UNSTEADY SUPERSONIC FLOW 


The Potential Theory of Unsteady Supersonic Flow 
By Prof. John W. Miles. (Cambridge Monographs on 
Mechanics and Applied Mathematics.) Pp. xii-+ 220. 
(Cambridge : At the University Press, 1959.) 45s. net. 


HE aerodynamic theory of unsteady flows is 

mainly concerned with questions of the following 
type: If a wing or body, moving forward with 
constant speed, has a prescribed transverse motion 
about its reoctilmear mean path, what are the resulting 
forces and moments ? During the golden age of the 
linearized theory of compressible flow (1945-55 
approximately), when it was permissible to assume 
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that wings were thin, Mach numbers moderate, and 
disturbances small, a considerable store of answers to 
such questions was established. Prof. Miles was very 
much in the forefront of the attack on these problems, 
and the appearance of his authoritative book on the 
subject is to be welcomed. 

The book deals mainly with the supersonic theory, 
in which the existence of domains of influence and 
dependence makes it possible to solve explicitly a 
number of linearized problems. The opening chapter 
is @ careful study of the restrictions appropriate to 
various approximate governing equations, of which 
that corresponding to the sound equation m still air 
1s the most important: various 2t-transformations 
(x is the streamwise co-ordinate, ¢ the time) of this 
equation are then considered. Basing bis presentation 
not on the traditional method of retarded-potential 
doublets but on the more compact method of 
integral transforms, Prof. Miles makes short work of 
each of the following problems: two-dimensional 
wings, the wing of semi-infinite span, 
wings with ‘supersonic’ edges, and the extension of 
Evvard’s method to wings with straight, subsonic 
side-edges. For the delta wing with subsonic edges, 
further approximations are necessary. There is a 
detailed account of methods for wings of slender 
planform and slender bodies, and the book ends with a 
genuflexion towards non-linear problems. 

Despite the formidable economy of his presentation, 
the author cannot treat all the ramifications of his 
subject in a book of modest size, but there are ample 
references to papers on those (mainly secondary) 
questions which are not included. The book maintains 
the high standard of the Cambridge Monographs on 
Mechanics and Applied Mathematics. 

L. E. FRAENKEL 


MONKEYS AND DISEASE 


Diseases of Laboratory Primates 

By Prof. Theodore C. Ruch. Pp. xxvi+600. (Phile- 
delphia and London: W. B. Saunders Company, 
1959.) 628. 6d. 


Toa volume is tne trst of four parts of a projected 
“Handbook of Primates’, and treats in mono- 

graphic form the spontaneous diseases of laboratory 
primates. The main topics reviewed are the diseases 
caused by parasitic agents and, to a lesser extent, 
nutritional disorders, both of which have an important 
bearing on the management of a monkey colony. In 
addition to this information, which is of immediate 
practical value, the author also describes the nature 
of conditions such as cardiovascular and dental 
diseases and that monkeys may be suitable 
animals for research into these problems. 

Three of the more important conditions—enteric 
diseases, respiratory tract infections and tuber- 
culosis—which are responsible for the high mortality 
frequently observed in monkeys, are dealt with at 
length. The chapters on these subjects will be of 
perticular interest to those who are responsible for 
the management of large colonies of monkeys now 
maintained in many countries for the production 
and testing of poliomyelitis vaccine. 

In the course of reading this book, attention is 
directed to the numerous pathogenic agents which have 
been accidentally transmitted to man. Of these the 
most serious is B-virus (Herpesvirus simias), which 
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has caused a number of fatal cases of ascending 
myelitis. Since this virus, and other pathogenic 
agents, are localized in the mouths of infected animals, 
the author rightly points out that procedures should 
be designed to preclude, so far as possible, the 
occurrence of monkey bites. It would have been of 
value to those who have not seen this condition in 
monkeys if photographs showing B-virus lesions in 
infected animals had been included. 

The compilation of this volume is clearly the result 
of much painstaking work involving an extensive 
review of literature and, in addition to providing 
factual material, Prof. Ruch has succeeded in pre- 
senting the subject-matter on each topic in a most 
readable form. This will be a very useful reference 
book and its publication fills an important gap in 
solentific literature. C. R. Corp 


THE MEASUREMENT 
INFORMATION 


Information Theory and Statistics 

By Prof. Solomon Kullback. (Wiley Publications in 
Mathematical Statistics.) Pp. xvii +395. (New York : 
John Wiley and Sons, Inc.; London: Chapman and 
Hall, Ltd., 1959.) 100s. net. "Er 


HIS book provides a treatise upon the general 

statistical theory of information, as complete, 
thorough and up to date as any single book to-day. 
It deals with the various measures of information and 
information-rate, not restricted to their place within 
the theory of communication (as are 80 many recent 
texts), but as part of the general theory of statistica 
and probability. It covers and relates the work of 
Fisher, Shannon, Chernoff, Kolmogorov, of Good,’ 
Woodward, Barnard and many others well known 
within the field. 

The author’s reputation here needs no comment 
from me. In this book he aims at unification—con- 
ceptual, notational and methodological—of scattered 
work by West Europeans, Americans and Russians 
too. He covers not only the specialized applications 
of information theory to communication problems 
but treats the whole field of statistical hypothesis 
testing as it arises also in the design of experiments 
and in observation theory, in the theory of stochastic 
processes, in parameter estimation and in other 
processes of statistical inference. In the first half of 
the book the various logarithmic measures of inform- 
ation are developed and their properties studied, in 
terms of measure theory ; it is the second half which 
is concerned with a wide range of applications to 
statistical mference. 

The book is essentially mathematical in treatment 
and in its purpose. It comes at an opportune time for 
many people in the physical sciences ; for biologists, 
for telocommunication engineers (detection, coding 
problems, etc.) ; again, for psycho-physics (behaviour 
models and artefacts) and many other fields. Modern 
techniques of statistical mference are making an 
ever-increasing contribution and the relevance of 
information theory merits careful attention and 
revaluation at this present time. 

The many worked and unworked examples form a 
partioularly valuable feature of the book; it is well 
provided, too, with a glossary of mathematical terms 

and with a comprehensive bibliography of several 
hundred references. COLIN CHERRY 
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Rice 

By D. H. Grist. Third edition. (Tropical Agriculture 
Series.) Pp. xxiii+466+72 photographs. (London: 
Longmans, Green and Co., Ltd., 1959.) 48s. net. 


H. GRIST’S valuable book “Rice” 1s now in 
. its third edition. It has been strengthened by 
the inclusion of two authoritative chapters, one on 
the genetics of rice and the other on improvement 
by selection and . These were contributed 
by D. Rhind, who has had the satisfaction of seeing 
in West Africa progeny of seed he bred in Burma. 
Grist also has spent much of his hfe in the study of 
this crop and is to be congratulated both on the 
original compilation and on the no leas important 
revision. In Chapter 12, Grist quotes the work of 
Pearsall and Mortimer (J. Ecol., 27, 483; 1939) and 
of Pearsall (Emp. J. Exp. Agric., 18, 289; 1950) 
which, he’ points out, provided an entirely new 
approach to the chemistry of water-logged soils. The 
Japanese quickly followed up these ideas, leading to 
more efficient use of their hard-pressed paddy fields. 
It is hoped that it will be possible for Grist to enlarge 
this chapter in the next edition of this book so as 
to include an account of this recent work. 
H. GREENE 


1959 Supplement to British Veterinary Codex 
1953 o 

Pp. xvii+134. (London: 

1959.) 38s. 


HE appearance of this Supplement 7 the 

British Veterinary Codex is an expression of the 
policy of the Codex Committee to provide an interim 
volume before proceeding to a full new edition. It is 
& sound policy, and a necessary one, if the Codex is 
to attempt to keep abreast of new developments in 
the field of pharmacology. The drugs and vaccines 
described in the Supplement are already familiar by 
their having been some time in veterinary use, and it 
becomes a welcome reference book on actions and 
dosage. The period since the first appearance of the 
British Veterinary Codex in 1953 has been one of 
intensive-research in pharmacology, and it is, indeed, 
during this period that a specific discipline of veteri- 
nary pharmacology has emerged. Curiously enough, 
despite these exciting new developments, the teachers 
of veterinary pharmacology in Britain are only now 
beginning to turn to the problem of producing a 
text-book in their subject to which the student or 
practitioner can refer. In this situation the Codex 
is particularly valuable. P. JEWELL 


Pharmaceutical Press, 


Brompton Hospital Reports 

Vol. 27, 1958. (A collection of Papers by Members of 
the Staffs of the Hospitals for Diseases of the Cheat 
(Brompton Hospital and London Chest Hospital) ; 
and of the Institute of Diseases of the Chest.) Pp. 
x+277. (London: Liloyd-Luke (Medical Books), 
Ltd., 1959.) 158. net. 


R those who wish to follow the progress of 
knowledge of diseases of the chest this volume 
collects, in the handy and attractive form well 
known to readers of the earlier volumes in this 
series, twenty-one papers, all of which have been 
previously published in the journals named in the 
preface. 
The volume opens with an appreciation of the fine 
work of Maurice Myers, who joined the staff of the 
Brompton Hospital Sanatorium in 1932 and spent 
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the rest of his professional hfe there, being deputy 
medical superintendent for the greater part of this 
time. For him, as this memoir of his life says, the 
treatment of pulmonary tuberculosis was an art, and 
his death in December 1958 deprived us of the services 
of a man of long and wide experience. 

It is impossible, in a brief notice, to discuss in 
detail the contents of the papers here reproduced. 
Three of them deal with the treatment of pulmonary 
tuberculosis by extraperiosteal plombage, thoraco- 
plasty and streptomycin, isoniazid and sodium 
p-aminosalicylate. Two papers report respectively 
on the treatment of pleural effusions by antibacterial 
therapy and on the proteins in serum and the pleural 
fluid, while two discuss studies of tuberculin sensitivity 
in tissue cultures and in the middle-aged and the 
elderly. There are five papers on heart conditions, one 
on multiple brochostenoses due to sarcoidosis, one on 
pleural neoplasms and one on the surgery of ceso- 

phageal lesions. The volume concludes with four 
papers on bronchiectasis, bronchodilator drugs and 
bronchograms, and two on pulmonary mycoses in 
Britain and the occurrence of Aspergillus fumigatus. 
The list of papers published by the staff during 
August 1957—July 1958, and the author and sub- 
ject indexes to volumes 1-27, summarize the great 
work that this hospital has been doing. 

G. LAPAGE 


Genetyka 

By und Malinowski. Pp. 582-}-14 plates. 
(Warszawa: Państwowe Wydawnictwo Naukowe, 
1958.) Cena zl. 42. 


HIS text-book on genetics by one of Poland’s 

leading authorities on the subject follows the 
familiar lines of such books published in Western 
Europe in pre-war times. The reader is introduced 
to the principles of evolution through references to 
Darwin; the story of Mendel’s discovery, and the 
rediscovery of Mendel, is retold and the now classical 
studies of the early Mendelians are described. The 
role of the chromosomes in heredity and in evolution 
is explained, and brief references are made to some 
of the more recent genetical studies such as those on 
biochemical mutants in micro-organisms and the 
Watson—Crick views on the structure of deoxyribo- 
nucleic acid. 

The chapter on evolution contains a brief section 
on Lamarck and the inheritance of acquired char- 
acters; experiments of MacDougall, Harrison and 
others are shown to be susceptible of explanation as 
selection effects and the cautious conclusion is reached 
that there is no evidence so far that can be accepted 
as definite proof of the inheritance of ac 
characters. There is no mention of the work of T. D. 
Lysenko and his school. 

In the final chapter on the application of genetics in 
agriculture we are told that the main achievements 
in breeding improved wheat varieties for Polish 
conditions have been based on some original crosses 
between the English wheat Squarehead and the 
Polish Putawka. Mention is made of the production 
of hybrid maizo and hybrid onions in the United States 
and of the artificial production of polyploid races of 
various crop plants in Sweden and elsewhere. In 
this connexion we are told of some tetraploids of 
serradella (Orntthopue satwus), produced by Polish 
workers, which exceed the original diploid strains in 
fodder yield by as much as 100 per cent. 

P. 8. Hopson 
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EXISTENCE OF NET ELECTRIC CHARGES ON STARS 


By Pror, V. A. BAILEY 
School of Physics, University of Sydney 


l 


T has been found possible to account for the known 

orders of magnitude of five different astronomical 
phenomena and the directions relating to three of 
them by means of the single hypothesis that a star 
like the Sun of mass M, gm. carries a net negative 
charge, —Q,, which is given by the formula : 


Q: = BGM, e.s.u. (1) 


where G is the constant of gravitation and 8, is a 
pure number of the order of 0-03. 
Thus, for the Sun we have : 


Q; = 1-5 x 10% e.s.u. (2) 


The same hypothesis leads to simple qualitative or 
semi-quantitatıve explanations of at least the thirteen 
other phenomena considered later. 

The first five phenomena are as follow: (1) the 
magnetization of the Earth ; (2) the outer Van Allen 
belt of radiation ; (3) the maximum energy of about 
5 x 1018 eV. found for a primary cosmic ray particle ; 
(4) the Sun’s north polar magnetic field vector Hp ; 
(5) the approximate equality of the ratio P/U for 
the Sun to the mean value of this ratio for Blackett’s+ 
group of five magnetic stars, where P is the magnetic 
moment and U is the angular momentum of a star. 

The phenomena 1-4 arise as follows from the 
presence of the solar charge —1-5 x 10*°. 

The velocity of translation of the Sun relative to 
the Earth is v = — 29:8 km./sec. and consequently 
ita charge, —Q,, seta up in a non-rotating frame of 
reference accompanying the Earth a magnetic field 
H, which is perpendicular to the ecliptic, directed 
from north to south and has near the Earth the 
intensity 6-9 x 10-* gauss. 

The magnitude and direction of H, are approx- 
imately those required by J. 8. Chatterjee* for the 
initial field, of unknown source, which saturates the 
highly permeable magnetic material of a 20-km. 
shell near the top of the Earth’s crust and thus 
imparts to the Earth its observed magnetization. 
For Chatterjee requires a “‘fleld of the order of 0:1 to 
0-01 gauss”. 

Moreover, the fleld H, not only magnetizes the 
Earth but also neutralizes the resulting external 
terrestrial field in a narrow and approximately toroidal 
region which lies nearly in the Earth’s equatorial 
plane and has a radius equal to about 3-7 earth radii. 
The magnetic field in and near this region is such that 
it could act as a ‘magnetic bottle’ which is partly 
accessible to energetic charged particles from much 
further out. These results account very well for the 
existence of the outer Van Allen belt which has a 
maximum density at about 3-6 Earth radii. 

The Sun’s charge also produces an electric field 
which has the potential V = — 3:0 x 10!’ volts at the 
Earth’s orbit. This field causes free protons and 
other nuclei in distant space to approach the Sun 
and move in orbits round it. Those nuclei which lose 
little energy on the way to the Earth’s orbit will then 
reach this orbit with an energy of 3-0 x 10!"Z eV., 
where Ze is the charge on the nuclei concerned. For 
an iron nucleus this energy amounts to 8 x10! eV. 


Also the orbits of all the nuclei will be oriented at 
random. These results account very well for the 
observed maximum energy 5 x 10'* eV. of a primary 
cosmic ray particle and for the isotropy of cosmic 
rays. 

The rotation of the negatively charged Sun imparts 
to it a magnetic moment which is directed from 
north to south. This in turn produces a north polar 
magnetic field vector Hp which would have the 
magnitude — 0-75 gauss if the Sun’s charge were 
distributed in the same way as the mass and if the 
mass and angular velocity were distributed as in 
Chapman’s*? model A. A uniform distribution of Q; 
throughout the Sun would yield the value — 8:5 
gauss. These results agree in order of magnitude 
and direction with the observations of Hale and 
Langer who, according to a report by H. W. Babcock‘, 
found a mean value of — 4 gauss. They also agree 
with the most recent observations of H. D. Babcock‘. 
The presumably temporary reversal of the direction 
of Hy, during six years, which was observeg@ hy the 
Babcocks suggests that our estimated value of Hp 
corresponds to the constant component of the Sun’s 
magnetic field, and that there exist also an oscillating 
component which varies with the solar cycle and a 
component due to local turbulence. 

The fact (5) would arise from the hypothetical 
stellar charges specified by formula (1) if the Sun 
and the average of Blackett’s five stars had axially 
symmetrical distributions of the angular velocity a, 
the charge density o and the mass density p such 
that at a point (r, 0) the quantities wo and wp are 
each functions of 0 and rja alone, where a is the 
diameter of the star. The latter assumption is the 
reasonable one that magnetic stars are homologous 
rotating bodies. 

It would be a remarkable coincidence if these five 
phenomena were all explained correctly in their 
orders of magnitude and their related directions by 
means of a single hypothesis which is entirely false, 
even if the last phenomenon calls for a supplementary 
assumption of homology in magnetic stars. 

For, even if we make the moderate assumption 
that the probability of a false theoretical value 4, 
of a physical quantity, asreeing in order of magnitude 
with the observed value B is less than 0-1, the 
probability of five such agreements and of three 
chance agreements of direction would be less than 
1/104 x 23, that is, less than 1 in 80,000. 

If to these eight agreements we add the thirteen 
other different phenomena which are qualitatively or 
semi-quantitatively expleined below by means of the 
same ‘false’ hypothesis, the resulting coincidence 
would be truly extraordinary. 

My hypothesis implies the existence of strong 
electric fields (but less than 10° V./om.) in the Sun’s 
atmosphere. In combmation with the magnetic 
flelds which exist there they could lead to relativistic 
electrons trapped in the corona. Three consequences 
of this situation are: (a) the phenomena cited by 
Kellogg and Ney* in support of their new theory of 
the corona; (b) the high temperatures in the corona ; 
(c) the acceleration and ejection of fast magnetized 
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and negatively charged clouds of ionized hydrogen, 
of the same general character as Bostick’s plasmoids 
and rings, which are generated along with flares near 
strongly magnetized regions like sunspot groups. 

These fast clouds could serve to explain the solar 
radio phenomena associated with flares observed by 
Wild ef al.’ and interpreted by them and by McLean! 
as indicating the early ejection of a fast stream of 
electrons with a mean velocity of about $ c, and the 
subsequent ejection of a cloud of relativistic electrons 
at velocities of about 1,000 km./sec., that is, ¢/300. 
They estimate that the fast stream contains not leas 
than 3 x 10” electrons. 

If we assumed that this stream diverges less than x 
steradians it would follow that at least 7 x 10% 
electrons are intercepted by a sphere around the Earth 
of radius equal to that of the outer Van Allen belt. 
Consequently the intercepted electrons would tend to 
become trapped in the Van Allen belt and so to lower 
the Earth’s potential by more than 4:5 x 10° V. 
This would lead to a large transient increase in 
the intensity of the cosmic rays and also allow the 
entry into the Earth’s upper atmosphere of a large 
flux of low-energy nuclei. The latter flux could be 
held responsible for the remarkable early and sudden 
increase of the electron density below 90 km. in the 
dark ionosphere following the great solar event of 
Fe 23, 1956; a similar flux has been suggested 
by D. K. Bailey®, but his flux is assignod to a different 
origin. Both the transient increase of cosmic rays 
and the sudden increase of lower :onospheric ionize- 
tion could occur within 10-30 min after the strong 
solar flare commenced, as was observed to be the case. 
When the fast electrons stop arriving, the Earth’s 
potential would commence to rise, by admission of 
nuclei, until it and the cosmic-ray intensity return 
to their normal values. The arrival of the slow 
magnetic clouds, after the lapse of 1-3 days, could 
then give rise to other effects, including magnetic 
storms and temporary decreases of cosmic ray 
intensity. 

The value 0:03 for B, is consistent with the fact 
that current theories of stellar constitution are good 
approximations for the Sun and (presumably) for 
Blackett’s average of five stars. For even if we 
adopt Chapman’s model A with f,2=—9 x 10 the 
forces of electrostatic repulsion are only about 
one-thousandth of the corresponding forces of gravita- 
tional attraction. 

If a star possessed a charge such that 8, approached 
or exceeded the value 1 and this charge became 
located mainly near the surface of the star, the forces 
of electrostatic repulsion alone would make its outer 
parts unstable and so lead to their expulsion. This 
suggests one possible explanation of nove and super- 
nove. A necessary accompaniment of such an 
explosion. of a rotating star is the ejection of magnet- 
ized clouds and relativistic electrons; this alone 
would explain the existence of the mysterious spectra 
of certain nove and also the polarized light and 
strong radio noise emitted by the Crab Nebula. 

The emission of strong radio noise from large 
regions around some galaxies, such as the Galactic 
Halo, may be explained by regarding each of these 
regions as the atmosphere of the negatively charged 
and rotationally magnetized galaxy concerned. For 
such an atmosphere would necessarily contain trapped 
electrons with relativistic energies. 

Lastly, we may expect that when two such charged 
and magnetized galaxies enter into collision they 
would set up strong electromagnetic disturbances in 
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each other’s atmospheres and so generate the intense 
radio noise which has been observed in such collisions, 

A discussion of possible sources of the stellar net 
charges, some possible difficulties which may be 
raised by my hypothesis and some possible tests of 
it will be given in Part 2. 


2 


Possible sources of the stellar charge — Qs certain 
criticisms which may be raised against these hypo- 
theses and possible tests of them will now be 

A possible source of — Q, 18 provided by one of the 
following alternative hypotheses H, and H,. 

H.: The thermonuclear processes in the interior 
of a star like the Sun generate certain particles, 
provisionally named ‘astrons’, each possessing a small 
Mss Ma and a positive electric charge 6a many times 
smaller than the electronic charge e and able to 
penetrate matter as easily as a neutrino can. Under 
this hypothesis the star acquires a negative charge 
—Q, which is ultimately limited by the flow of 
nuclei into the star and the flow of electrons out of it. 

H,: As suggested in an earlier publication?®, 
the four-dimensional space-time universe U, is a 
hyper-surface in a five-dimensional universe U, and 
the laws of conservation of energy, momentum and 
electric charge hold true exactly in U, and only 
approximately in U,. Consequently, there can exist 
streams of electrically charged particles from U, 
into U, or vice versa. Also the geometrical character 
of this hypothesis requires that these streams depend 
on. the local metric of U, that is, on the local physical 
conditions in U,; thus the streams inside a star would 
be different from those outside it. The streams from 
or into U, could then give a net negative charge to 
the star; they could also maintain this charge 
constant under any possible drains due to the emission 
of electrons into space and the attraction of nuclei 


space. 

This hypothesis H, may appeal more to theoretical 
physicists, for it can also serve to unify the theories 
of the gravitational, electromagnetic and quantum 
fields and one theory of cosmology!®. The present 
application of H, to the interior of a star that 
a correct theory of nuclear forces would be one that 
could be unified with the other four theories in a 
five-dimensional mathematical form. This suggestion 
receives some support from Rayski’s"! recent publica- 
tion entitled “A Six-dimensional Interpretation of 
Electrodynamics and Nuclear Interactions’. 

The first hypothesis H, is more easily linked with 
current views about the thermonuclear processes 
inside stars like the Sun. For this can be done 
simply by adopting two supplementary hypotheses, 
namely (h,) that astrons are neutrinos and (h,) that a 
proton carries the same charge e as & positron and an 
electron carries the charge — e. From these hypo- 
theses and the two known nuclear processes: 

n°—> pt + B- + v (antineutrino) 
p*—> n? + Bt + v (neutrino) 
it can be deduced that a neutrino carries the small 
positive charge 6a, and a neutron and an antineutrino 
each carries the negative charge — ĉa. These hypo- 
theses and deductions are also consistent with the 
current assumption that the principal thermonuclear 
process in the Sun is the proton-proton chain reaction 
in which two B+ particles and two neutrinos (v) are 
released for every four protons involved. Moreover, 
they are consistent with the remarkable fact that 
the neutron behaves like a spinning negative charge. 
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By means of certain arguments based on current 
views about the flux of neutrinos out of the Sun, 
5 x 10° per sec., and the mean energy of each, 
0°25 MeV., ıt may be inferred that a necessary condi- 
tion for most of the neutrinos to escape from the 
charged Sun is that eg << 4 x 10-'e. Also an argu- 
ment suggested by Dr. M. J. Buckingham, based on 
the same value of the neutrino flux, 5 x 10°*, and 
on the age of the Sun, 5 x 10°? years, leads to the 
conclusion that €a > 4 x 10-**6. It is remarkable 
that the net positive charge €r = 2 x 10-1%e assumed 
by Lyttleton and Bondi?! to be carried by a hydrogen 
atom lies between these limite to the value of 64 and 
is only five times as large as the lower (and nearer) 
limit. This fact and their use of the charge ea to 
explain galactic recession suggest that some elabora- 
tion of my hypothesis of negative stellar charges 
could also serve to explain this recession. For 
example, the additional assumption that the Popula- 
tion IT stars in the galaxy have charges Q, such that 

« > land are go related in number to the Population 

stars that the average value of 8, for the galaxy is 
about 2-2 could allow the forces of mutual repulsion 
between my negatively charged galaxies to set up 
the same velocities of recession as those set up by the 
excess positive charge in the universe of Lyttleton 
and Bondi. 

The hypothesis H, may possibly form part of the 
hypothesis H, when the latter has been developed 
mathematically and otherwise. 

It may be argued that the main hypothesis is 
untenable because: (a) interstellar space appears to 
be too highly conducting and (b) the negatively 
charged ster would quickly lose :ıts charge by the 
emission of free electrons. This argument is nullified 
by the hypothesis H, under which there exist streams 
of charged particles from or mto U, which can replace 
any lost negative charge by an equal amount of fresh 
charge. But even under the hypothesis H, this 
argument has little force until, (a) it can take full 
account of the evidence that now exists that inter- 
stellar space contains coherent magnetic clouds of 
ionized hydrogen and that in the Solar system such 
clouds are continually flowing away from the Sun 
(gee Parker"), and (b) it can be proved that a highly 
magnetized sphere of hot condensed hydrogen like 
the Sun cannot under any conceivable distribution 
of its negative charge — Q, retain for long the charge 
which ıs left by the omission of my positively charged 
neutrinos. 

Another poesible criticism is that my theory does 
not account for the existence of an extended spectrum 
of cosmic ray energies. This criticism is met by 
pointing out that not only do the attracted nuclei 
start from points at different distances from the Sun 
but also different nuclei encounter different obstacles 
on their way to the Earth’s orbit, such as the mag- 
netic clouds mentioned above, and so lose different 
amounts of energy through these encounters. The 
latter process would become more effective if, as is 
probable, most of these magnetic clouds were 
negatively charged by electrons trapped m their 
fields 


A fourth objection which may be raised against the 
theory is that during some six years the general 
magnetic field of the Sun was opposite to that set up 
by the negative charge — Qs This is met by 
Blackett’s suggestion that a slow electromagnetic 
oscillation may be superimposed on the unidirectional 
general field and by the possibility that the observed 
effects of the latter may sometimes be obscured by 
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at due to the irregular fields arising from turbu- 
ence. 

Another possible criticism is that the theory is 
contradicted by the apparent transient generation of 
low-energy cosmic-ray particles in the Sun following 
certain flares. This criticism 1s met by referring to 
the discussion in Part 1, in which it ıs shown how the 
very fast solar stream of electrons, mferred from the 
radio observations of Wild et al. at times of strong 
solar flares, can transiently lower the electric potential 
PA oe PRE vate so transiently increase the intensity 
of the flow of low-energy primary cosmic-ra rticles 
into the Harth’s atmosphere. a 

Lastly, it may be argued that the electric fields in 
the Sun’s atmosphere set up by ite charge should be 
revealed by the presence of large Stark effects in some 
of the spectral lines. This argument is not conclusive, 
because the Stark effects which have been observed 
are usually attributed to atomic electric fields which 
can be greater than the solar fields, and also because 
about 43 per cent of the lines in the spectrum of the 
Sun are as yet unidentified and may therefore arise 
in part from large Stark effects. 

A more complete account of this work is in the 
course of publication ın the Journal and Proceedings 
of the Royal Soctety of New South Wales. In that 
account three possible experiments are described, and 
two predictions are made which may serve to test the 
theory or parts of ıt. ° 

One of these experiments is to determine, by 
means of satellite-borne magnetometers, the Earth’s 
equatorial magnetic field and its direction at distances 
up to at least ten Earth radii. Another experiment 
is to determine whether Bostick’s plasmoids (or 
rings) carry net negative charges by firing them into 
or through Faraday cages. 

One of the predictions is that, during the next ten 
years, the value of the Sun’s north polar magnetic 
field will return to the mean value at direction, — 4 
gauss, which were found by Hale and Langer. 

I wish to acknowledge the valuable help which 
has been given to this work by the expert advice and 
criticisms of numerous colleagues and friends, in 
particular those of Profs. 8. T. Butler, H. Messel and 
C. N. Watson-Munro, and Drs. M. J. Buckingham, 
R. G. Giovanelli, R. E. B. Makinson, H. D. Rathgeber 
and J. L. Pawsey, and Messrs. A. F. A. Harper, 
J. P. Wild and H. Wood. 

Note added in proof. If the formula (1) is also 
applied, to the planet Jupiter, which resembles the 
Sun ın its chemical constitution and in emitting strong, 
elliptically polarized radio noise, the polar magnetic 
field resulting from ea uniform distribution of Q, and 
from the planet’s rotation has an intensity of about 
5 gauss. This approximates to the value 7 gauss 
derived by A. G. Smith and T. D. Carr (Astrophys. J., 
130, 64] (1958)) from observations of Jupiter’s radio 
noise. 
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PADDY SOILS AND RICE PRODUCTION 


By Dr. H. GREENE 
Rothamsted Experimental Statlon, Harpenden, Herts 


LD. URING 1954, an annotated bibliography! of rice 
soils and fertilizers was compiled by G. V. Jacks 
and M. Kathleen Milne. This has more than 900 
entries, but does not include some valuable papers 
on paddy soils in Japan that were presented at the 
fourth session of the International Rice Commission, 
held in Tokyo during 1954. Much of the following 
summary is based on three of these papers: «4 
historical review? by Harada ef al.; a study of the 
chemistry of paddy soils? by Shioiri and Tanada ; and 
a study of soils and fertilizer use* by Mitsui. 

Paddy fields of Japan are mostly located on well- 
drained alluvial soils of Recent origm. Their sub- 
soil remains continuously oxidized to a considerable 
depth: below this there may be a gley horizon due 
to a permanent water-table. Irrigation during the 
summer sets up reducing conditions in the top- 
soil which becomes bluish grey to a depth of 25 om. 
2 so. When the crop ripens the fields are allowed 

ag ae gud the whole furrow slice becomes oxidized. 
Wheñ irrigation is resumed in the spring vigorous 
growth of algae and duckweed occurs. These take 
up carbon dioxide during the day, allowing the surface 
water to become alkaline by the afternoon, and give 
off carbon dioxide at night so that the surface water 
is weakly acid by the early morning. Oxygen pro- 
duced during the day and diffusing atmospheric 
oxygen reach the soil surface, which remains brown 
to a depth of a few millimetres. Below this a very 
thin (0:5 mm.) layer of hydrated ferric oxide may 
sometimes be found. This is an embryonic upper 
iron pan formed by oxidation of ferrous compounds 
oe upwards from the bluish grey reduced layer. 

The diffusion of iron seems to be accompanied by 
localized and perhaps progressive bleaching of the 
bluish grey layer. In this layer reduction of nitrate, 
sulphate and ferric ions takes place and a consequent 
lessening of acidity. A lower more substantial pan 
containing iron and manganese oxides may be formed 
by downward diffusion at the junction of the reduced 
layer and the oxidized subsoil. Similar iron pans 
have been observed in north-west England by 
Crompton’. If concentrated nitrogenous fertilizers 
are applied at the surface, nitrate formed in the 
surface layer is leached downwards; denitrification 
occurs in the reduced layer and is accompanied by 
loss of gaseous nitrogen or nitrous oxide, this logs 
being more serious than that due to deep percolation. 
The soil of an irrigated field can be represented as 
in Fig. 1. 

Yields are increased by 10 per cent or more if 
paddy fields can be dried off between successive 
crops. When air-dried paddy soil is flooded, anaerobic 
micro-organisms regain the ascendancy and ammon- 
ium nitrogen is produced in greater amount than 
from continuously wet soil. The increase, amounting 
perhaps to 20 kgm. nitrogen per hectare, is readily 
taken up by the rice plant. Air-drying prior to 

flooding also increases the availability of phosphate. 
Aoki’ concluded that the effective part of the phos- 
phoric acid in paddy soils appears to be present as 
iron compounds, their solubility being mereased by 
conditions of reduction. Similar conclusions are 


drawn by Paul and De Long’, Islam and Elahi® and 
by Gasser and Bloomfield’, who found that phos- 
phate associated with iron is mobilized by anaerobic- 
ally fermenting organic material. Ponneramperuna 
et al.1* consider that the rice plant benefits from the 
increased availability of iron but may suffer from an 
excess-of reduced substances. 

Ammonium sulphate should be worked into the 
soil before the first flooding or, surprisingly, it can 
be mixed with peat or peaty soil to form egg-size 
balls which can be thrust into the flooded soil. This 
latter method is specially recommended for ‘degraded’ 
paddy soils in which damage from hydrogen sulphide 
is feared. It has recently been stated that urea 
is preferred to ammonium sulphate as nitrogenous 
fertilizer for ‘degraded’ paddy soils as well as for 
acid soils of Japan. In lowland paddy soil the sulphate 
of chemical fertilizers is readily reduced to sulphide 
which, if soluble, inhibits respiration of plant roots 
and so prevents selective uptake of potassium and 
uptake of phosphate and other plant nutrients. This 
physiological disorder involving root-rot is known in 
Japan as akiochi or ‘fall-down’. According to the 
observations of Sethi”, Crafts and Broyer™, van 
Raalte! Viamis and Davis's, rice thrives in water- 
logged soil because ita young roots supply oxygen 
to the otherwise reduced soil: if iron is present in 
solution, the young roote acquire a yellowish brown 
coating of ferric hydroxide gel which apparently pro- 
tects the roots against moderate amounts of hydrogen 
sulphide. The oxidative action of the roots ceases or 
grows less at flowering, this decline possibly being 
associated with differential response to potash of 
young and older rice planta noted by de Geust’. 

The ‘degraded’ soils which occupy: about 17 per 
cent of the lowland rice area of Japan‘are described 
as follows: (1) the furrow slice is grey and shows 
little evidence of ‘active’ iron (as estimated by 
Truog’s method using sodium sulphide and oxalic 
acid); (2) the plough sole layer is usually bleached ; 
(3) below the plough sole there is a layer where ferric i 
and occasionally manganic oxides accumulate ; (4) in” 
mid-summer the furrow slice emits hydrogen sulphide 
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(5) roots of rice are whitish and lack the coat- 
oe ‘of ferric oxides which would protect them from 
damage by hydrogen sulphide. This description 
corresponds closely to that given by Koenigs” for & 
‘sawah’ profile in Java: de Gee'*® has determined 
the oxidation potential of the ‘sawah’ profile.. His 
results are shown in Fig. 1. According to Mitsui*, the 
‘degraded’ paddy soil occurs on siliceous materials 
such as are derived from acid igneous rocks or sand- 
stone. It may be supposed that these materials 
occur mainly as low-lying alluvial deposits, that they 
contained httle iron at the time of deposition and 
were readily leached. 

Observations of Bloomfield’*,*° suggest that leach- 
ing and precipitation of iron oxide m poorly drained 
soils commonly involve formation of soluble com- 
plexes of ferrous iron by the action of decomposing 
plant remams. The complexes are sufficiently stable 
to be transported by percolating water, but if brought 
into contact with ferric oxide they are sorbed and 
the ferrous fron 1s readily re-oxidized. Following up 
these ideas, Jeffery’! has added excess water to 
oxidized soil plus organic matter and has observed : 
(A) a rapid fall in redox potential, which is followed 
by, (B) a fairly rapid recovery ; and by (C) a slow 
decline such as is given by soil plus water in the 
absence of added organic matter. He ascribes stage B 
to oxidation by ferric oxide originally present in the 
soil. This recovery leads to a desirable situation C 
in which both ferric and ferrous ions are present. 
For stage O Jeffery derives an equation relating Hh 
and pH. The observations lead to a more precise 
understanding of the balance of oxidation-reduction 
at different seasons and at different parts of the soil 
profile. In a second paper™, Jeffery develops an 
equation in an attempt to define optimum conditions 
for rice growth and thus the suitability of any given 
soil for paddy. Shioiri and Tanada?’ found m a 
laboratory test a marked fall in redox potential on 
adding excess water to samples from the furrow slice 
of paddy soil, whereas samples of upland soil showed 
little change. Paddy soil that had been treated with 
organic fertilizer produced abundant hydrogen 
sulphide when water-logged, whereas corresponding 
upland soil did not. The upland soil presumably had 
& greater reserve of ferric oxide. Accordingly, heavy 
applications of upland soil are used with some success 
to improve degraded paddy soils. 

These studies, arising from the pioneering work of 
Prof. W. H. Pearsall (see review of Grist’s book on p. 
507 of this issue), are of more than academic interest : 
they should contribute to increased production of this 
crop, which is vitally important to so many millions 
of patient, hard-working people. Much is already 
being done. In Japan, soil survey (Endo!) has been 
directed to mapping different kinds of low-yielding 
land, including aktocht (degraded) paddy fields, acid 
goil, low-yielding volcanic soil, saline soil, poorly 
drained soil. Improvement is then sought by 
appropriate means, for example, by adding iron-rich 
materials to degraded soils and by appropriate use 
of fertilizers as described above; by addition of 
calcareous materials to acid soils; by improvement 
of drainage. D. H. Grist™ rightly considers that 
improved water control is the best way of raising 
rice yields. The following may be included among 
the encouraging results obtained by use of fertilizers. 
Richardson™, describing 81 field experiments on 
paddy fields in China, recorded the following responses 
to 60 kgm. per hectare applications reckoned as 
nitrogen, phosphate and potash: mean yield, 2,805 
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kgm. per hectare; responses—nitrogen, +620; 
phosphate, +290; potash, +40 kgm. per hectare 
rough rice, that is, threshed grain. On the advice 
of Stewart™, very numerous experiments with 
fertilizers have been carried out on farmers’ fields m 
India. Yates, Finney and Panse** recorded, for 2,445 
experiments in Bihar, India, a profitable response of 
280 Ib. threshed grainjacre to 20 lb. nitrogen per 
acre; phosphate was profitable only on responsive 
soils. Numerous additional experiments during the 
period 1953-56 indicate’ that a dressing of 20 Ib. 
nitrogen/acre plus 20 Ib. phosphate per acre would 
generally be the most profitable for paddy in India. 
In the north and north-east, the dressing of nitrogen. 
can be increased to 40 lb. with or without application 
of phosphate; in certain areas distant from the 
coast, the dresamg of phosphate can be raised to 
30 or 35 Ib. phosphate per acre. Potash at 20 lb./acre 
gave & profitable return in some areas, including two 
centres in Bibar. Ashby”! found from 173 completed 
experiments on farmers’ wet paddy fields i in Kelantan, 

Federation of Malaya, an economic’ response to 
200 Ib./acre of placed fertilizer supplying nitrogen, 

23-5; phosphate, 20; potash, 25 lb./acre. In Zanzi- 
bar, Tidbury®* found the most profitable dressing 
to be 2 cwt./acre ammonium sulphate plus 3 cwt./ 
acre of superphosphate. It is worth mentioning these 
results that derive only in part from @ more gccurate 
appreciation of wet soils. The possibilities are “more 
encouraging than might appear from the earlier 
investigations. Important observations on response 
to phosphate applied to wet paddy fields of British 
Guiana were made by Gaaeser*®. Factorial experi- 

ments carried out on three kinds of soil gave results 
as shown in Table 1, while analysis of straw and 
threshed grain from these experiments gave per- 
centage contents of phosphate shown in Table 2. 


Table 1 
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In comparison with the other low-lying soils, the 
higher fertility of the frontland clay (derived from 
marine alluvium) in the Botanic Gardens, British 
Guiana, is clearly shown in the satisfactory phosphate 
content of grain from plants which had not received 
phosphatic fertilizer. The soils increase in acidity 
and in content of exchangeable aluminium in the 
order : Botanic Gardens < Mahaicony Abary < Cane 
Grove. The Cane Grove soil, considered to be formed 
by sedimentation in brackish water, 1s like the gyttja 
soils studied by Wiklander and co-workers?!» in 
Sweden, and is related also to soils of mangrove 
swamps studied by Tomlinson?! and by Hart™ in 
Sierra Leone and to the ‘gelam’ soils of Malaya 
(Coulter, ref. 37). Such soils ocour widely and I 
have suggested** that sulphur, readily leached from 
humid uplands in the form of sulphate, may be 
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arrested in reduced. forma i in lowland deposits together 
with elements forming insoluble sulphides. When 
air gains access to such deposits (for example, when 
water-levels fall because rain has been leas heavy 
than usual) oxidation rapidly occurs, with formation 
of sulphuric acid in sufficiently high concentration 
to react with olay to form aluminium sulphate. 

Of course, much has yet to be learned about these 
poorly drained or water-logged soils, which differ so 
sharply from upland goils that ordinary methods of 
analysis may be misleading or fail to yield significant 
results. At present it seems permissible to distinguish, 
as three corners of a triangular diagram, well-drained 
paddy soils, which are fertile; akiochi or degraded 
paddy soils which are infertile for lack of iron; paddy 
soils related to gyttja which are infertile owing to 
excess of aluminium. The preceding brief account 
refers to mainly mineral soils: some corresponding 
features are shown by peaty soils, for example, the 
pegassy soils of British Guiana seem related to gyttja, 
This subject will bé more conveniently discussed on 
some later occasion. Current work (Bloomfield, C., 
private éommunication) indicates that decomposing 
plant remains mobilize not only iron but also many 
other elements of importance in plant nutrition. 
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O meet the great world-wide interest ın nuclear 

science and its spplications, it bas often been 
suggested that regional centres should be created. 
Each centre would provide training and research 
facilities for a group of neighbouring couniries. 
The first of such centres to be established is the 
CENTO (Central Treaty Organization) Institute of 
Nuclear Science, formerly the Baghdad Pact Nuclear 
Centre, which now serves the three countries of tho 
CENTO region, Tran, Pakistan and Turkey. The 
Institute is concerned exclusively with the peaceful 
uses of nuclear science, and forms one of the quite 
extensive economic activities of the Central Treaty 
Organization. 

The original Nuclear Centre in Baghdad was 
formally opened on March 31, 1957 (see Nature, 179, 
936; 1957) and trained about sixty Middle East 
scientists in nuclear techniques, before the Iraqi 
revolution brought operations to a close. A decision 
+o re-establish the Centre in Tehran was taken jointly 
by the CENTO countries in January 1959, and on 
June 23, 1959, H.I.M. the Shahenshah of Iran per- 
formed the opening ceremony in the presenee of a 
distinguished audience. Two training courses have 
since been held in Tehran. The re-naming of the 
Baghdad Pact necessitated the re-naming of the 


Centre, and the present name was adopted in Novem- 
ber 1959. 

All the CENTO countries contribute to the running 
of the Institute. Its scientific policy is in the hands 
of a Scientific Council consisting of a leading scientist 
from each of the four countries; the United States 
sends an observer. The Scientific Council reports to 
the Economic Committee of CENTO, and in general 
administrative matters the Director of the Institute 
maintains liaison with the Deputy Secretary General 
for Economic Affairs of CENTO. The British 
representative on the Scientific Council is Sir John 
Cockcroft, and the Institute owes him a great debt 
for his continued efforts on ita behalf. 

Finance and staff are provided by all the CENTO 
countries. Iran has provided accommodation in the 
new and modern Faculty of Science building in the 
University of Tehran. The United Kingdom has 
provided the initial stock of equipment, worth about 
£20,000, most of which was flown out by charter 
plane. 

The link between the Institute and scientific 
establishments in, the United Kingdom is vital to ite 
operation. Much of the value of the Institute is due 
to its serving as & channel for British knowledge and 
experience in the nuclear field to reach the CENTO 
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region. The United Kingdom Atomic Energy 
Authority has provided the Director and five other 
scientists out of the Institute’s total complement of 
twelve scientific staff. The British staff have been 
carefully chosen so that between them they cover the 
basic fields of nuclear physics, electronics, radio- 
chemistry and health physics; the number could 
not be cut without affecting vital services. The 
present Director is a radiochemist from the Atomic 
Energy Research Establishment at Harwell, and his 
predecessor, W. J. Whitehouse, was a nuclear physi- 
cist from the same Establishment. The personal 
connexions with Harwell are such that advice and 
help are readily obtained from that source. 

While the British staff cover the fundamental 
physical and chemical aspects of nuclear science, 
staff from the region are often specialists in one or 
other of the biological sciences. They are thus able 
to co-operate with the British staff in the develop- 
ment of applications of interest to the region, especi- 
ally in agriculture. Attached to the Institute there 
is also a CENTO Senior Research Fellow, Dr. C. J. 
Banks, an entomologist from Rothamsted Experi- 
mental Station, who is applying radioisotopes in his 
particular field. The region staff have in many cases 
had a period of training in the United Kingdom 
before joining the Institute. 

At present the Institute is engaged primarily in 
work with radioisotopes, which offers the best start- 
ing-point for the region in nuclear science. Its main 
activities fall under two heads: training courses and 
research projecta. 

The first training course in Tehran lasted nearly two 
months, from mid-September to mid-November 
1959. It was attended by thirteen students from 
Iran, Pakistan and Turkey, all having at least a 
university science degree, and two being professors 
at their own institutions. (The Institute actually 
has space and equipment for twenty students working 
in pairs.) The course was comparable with those 
given at Harwell, Oak Ridge in the United States 
and elsewhere, though perhaps rather fuller, and 
taking rather legs for granted as regards famuliarity 
with modern laboratory techniques. 

Ten of the students are staying on at the Institute 
for the rest of the academic year for advanced 
training or research, largely in flelds of their own or 
their home institution’s choosing. It is something 
of an experiment to operate in this way. A criticiam 
of the courses given earlier in Baghdad was that they 
were too short; in the time available, the students 
could not digest their new knowledge sufficiently to 
be able to use it immediately on their return home. 
(The game criticiam would apply, perhaps even more 
strongly, to most radioisotope courses elsewhere.) 
Merely to extend the courses did not seem very 
satisfactory, because the essential ground was already 
covered. However, by keeping the students on 
project work for several months, it is hoped to provide 
a sufficient assimilation period in the right atmosphere. 
It is hoped, too, that the students will catch something 
of the research spirit from the experienced scientists 
at the Institute. 

The projects now in progress include water-flow 
studies by radioactive labelling and tritium counting ; 
testing of cement and of archsological specimens 
by beta-ray back-scattering ; solvent extraction and 
ion exchange work in solution chemistry ; synthesis 
of labelled carbon-14 compounds; observation of 
cytological changes in plants grown under the 
influence of phosphate labelled with phosphorus-32 ; 
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and a study of the food reserves of certain insects. 
There is also quite a large project on the study of the 
migration of wheat pests (Aelia and Hurygaster 
species) by radioactive labelling of the insects. This 
was initiated by W. T. Spragg, chief chemist, at the 
Centre in Baghdad, and pilot-scale field-trials were 
carried out last spring in Anatolia and near Tehran, 
under CENTO auspices. <A further trial is planned 
thia year. 

When, the students return to their home establish- 
ments, the Institute intends to continue to follow 
the progress of their researches, and to send ite staff 
on consultative visits. Beimg in the region, it can 
offer much closer support than could a training centre 
in Europe or the United States. 

The second course at the Institute in Tehran was 
& special radioisotope course for agriculturists, 
running from mid-January to mid-March. Eleven 
students from the region attended, of the same 
general calibre as those on the first course. The course 
contained less nuclear physics and radiochemistry 
than the first (general) course, and concluded with a 
series of lectures and experiments dealing specifically 
with biological topics. 

Although the main emphasis at the Institute is on 
radioisotope work, with some bias towards agricul- 
tural applications, it is prepared to help in any field 
of nuclear science, in accordance with the needs of the 
CENTO region countries. The staff, betweem them, 
are of quite wide experience, and can moreover draw 
on the very large resources of Harwell. Assistance 
has already been given in testing uranium- and 
thor1um-prospecting equipment, and some of the 
students are receiving preliminary training for 
reactor and -rradiation work. Moreover, the 
Institute has been promised facilities on the 5-MW. 
swimming-pool reactor, on which construction work is 
just starting at tho University of Tehran Nuclear 
Centre a fow miles from the Institute. The University 
of Tehran also possesses a 3°5-MeV. Van de Graaff 
machine, & mass spectrometer, and a beta-ray 
spectrometer, which it is proposed to erect at its 
Nuclear Centre. 

In the medical field, the Institute is giving all the 
encouragement it can to the establishment of a 
radioisotope clinic in Tehran. Until this exists, 
medical students at the Institute can get very little 
direct practical experience in their own particular 
field, although they can still obtain a great deal of 
benefit from the instruction given in general nuclear 
techniques. Most of the equipment necessary for 
such a clinic is already in Tehran, and there are 
medical men keen to use it, so it is to be hoped that 
work will start in the fairly near future. It may 
also be noted that the United Kingdom has recently 
presented @ 1,000-curie radiocesium therapy unit 
to the Faculty of Medicine of the University of 


Certain lessons have been learned in setting up and 
operating the Institute, which may be of interest to 
those planning a similar venture. As regards equip- 
ment, it is important for the Institute to be well 
stocked with instruments of general use, such as 
ovens, thermostats, pH meters and incubators; it is 
usually too late to think of ordering such items for 
specific researches after the students arrive. <A 
quick supply channel for chemicals, radioisotopes 
and other small items is vital, and Tehran’s position 
on trank air routes was a factor in the choice of 
location. Rapid clearance of radioisotopes through 
the Customs has been arranged with the Iranian 
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authorities. The Institute has found it necessary to 
instal its own electrical generator to ensure a constant 
supply, and steps are being taken in co-operation with 
the University of Tehran to put into operation a 
liquid-nitrogen plant. 

As regards staff, the CENTO region countries have 
understandable difficulties in releasing good scientists 
to work at the Institute. Partly this is because 
trained scientists are in great demand in their home 
countries, and partly because of financial difficulties ; 
the latter will, it is hoped, be surmounted. Techni- 
cians and junior laboratory staff are also hard to 
find, and there is a great need to train people for such 
jobs, as well as to overcome the social attitudes that 
tend to deflect people from them. The Institute 
offers training especially in electronics under D. R. 
Cockbaine, chief electronics engineer, and it is to be 
“hoped that the CENTO countries will take full 
advantage of the opportunity ; electronics servicing 
is an essential part of a nuclear science programme. 

On the financial and administrative side, the Insti- 
tute has a fair degree of autonomy within the. broad 
lines of policy laid down for it. ‘The finances are 
largely centralized in a single budget, from which all 
expenses are paid according to the itute’s own rules 
(which are based on those of the CENTO Secretariat) ; 
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Prof. E. P. Stebbing 


Pror. E. P. STEBBING, whose death at the age of 
ninety occurred on March 21, must have surpassed 
the now almost legendary Sir William Schlich, whose 
pupil he was, both in the number of years he presided 
over & forestry school, and in the number of forestry 
students who passed through his hands. His influence 
on forestry was far greater in the educational field 
than in any other, despite his special interest and num- 
erous writings on forest entomology and soil erosion. 

Interest in entomology showed early when he was 
still under training for the Indian Forest Service at 
the Royal Indian Engineering College at Coopers 
Hill. In 1900 he had the distinction of being the 
first forest officer in India to be appointed to a 
scientific research post, that of forest entomologist, 
having served in an executive capacity as assistent 
and deputy conservator during his first seven years. 
The post of forest entomologist had only been 
sanctioned for two years, and was not renewed ; 
but it so happened that the post of superintendent 
of the Indian Museum at Calcutta was vacant, and 
Stebbing was given an officiating appointment. 
When the Forest Research Institute was established 
at Dehra Dun in 1906 he was the obvious man to 
deal with entomology, and he worked there as 
Imperial forest zoologist until his return to Britain 
in 1910. 

During his time in India and Burma he did a 
remarkable amount of pioneer work, the results being 
published as Forest Bulletins (8) and Leaflets (5), and 
Indian Forest Records (3) and Memoirs (5), dealing 
with insects injurious to many of the chief timber 
species, namely, teak, Shorea robusta, Acacia arabica 
and the conifers, as well as with the lac insect. His 
best-known entomological work is his ‘Indian Forest 
Insects of Economic Importance: Coleoptera” 
(1914). Stebbing’s biological work was of a higher 
standard than his contributions to taxonomy, which 
obviously did not interest him go much; but in 
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this avoids the complications of having to deal with the 
separate regulations of four different Governments. 

Certain aspects of the Institute’s work presuppose 
co-operation with a national atomic energy authority. 
Any operation involving possible release of radio- 
activity outside the Institute itself may come in this 
category. The Institute’s insect-labelling project 
is the most important immediate example, and waste 
disposal is another which will arise in the future 
(for the present all radioactive waste is stored). 
Relations have therefore been established with the 
Atomic Energy Commissions of the three countries 
of the region. 

The immediate success of the Institute enco 
the hope that it will become established as a scientific 
centre of high reputation in the Middle East. Its 
character may change somewhat, as the atomic 
energy programmes of Iran, Pakistan and Turkey 
get under way, and they begin to conduct their own 
radioisotope courses. (For Iran and Turkey especi- 
ally, these will have the advantage of being in their 
own languages.) The future trend at the Institute 
may-then be towards more specialized training and 
towards research projects. The benefits should be 
felt in many fields, owing to the wide ramifications 
of nuclear science. 
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those days he could scarcely have avoided it since so 
few of the insects with which he was concerned had 
been named and described. 

In 1910 he was appointed lecturer in forestry in 
the University of Edinburgh, and nine years later 
became the first profeesor of forestry there. He had 
thus completed more than forty years when he 
retired in 1951 (Nature, 167, 670; 1951). 

Stebbing travelled widely, having visited Macedonia 
{as transport officer during the First World War) 
and the U.S.S.R., and afterwards many of the 
British and French Colonies, especially in West 
Africa. The country of his choice was patently 
France, and annually from 1921 he took groups of 
students there for part of their training. He had 
many friends in the Dépariment des Eaux et Forêts, 
and just before he retired he was doubly honoured 
by having the Croix de Chevalier de la Légion 
d’Honneur conferred on him, and one of the famous 
ancient oaks in the Forêt de Tronoais named after him. 

On the topie of erosion, Stebbing was strongly of 
the opinion that the administrators were inexcusably 
slow in taking—or enforcing when necessary—goil 
conservation measures, by preventing further denuda- 
tion of vegetation, restricting excessive grazing, and 
undertaking constructive works. From his writing 
and speeches on this subject, he might have beon 
considered somewhat of an alarmist, especially ag to 
the rate of the “advance of the desert’ everywhere, 
though with special reference to the Sahara. 

His most enduring publication will undoubtedly be 
his historical book on the “Forests of India” (1926). It 
is truly monumental in size, approaching 1,900 pages 
in three volumes covering the subject in great detail 
from its beginnings in the 1850’s down to 1925. For 
the third volume covering the period 1900-25, he 
was able to use freely memoranda prepared for him 
by a large number of serving officers, but in doing so 
he drew on his own experience and added his personal 
views, thereby making the story much more alive 
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and interesting than it would otherwise have been. 
He re-visited India and Burma in connexion with 
this work and was engaged on the preparation of a 
further volume to bring the history up to 1940 at 
the time of his death—I recently took over from 
him the task of completing and publishing it (ex- 
tending it to the end of the British regime in 1947). 

As a teacher, Stebbing had very definite ideas of 
what was best for his students, and kept as firm a 
rein on the curriculum as he did on his horse. He 
always rejected any suggestion of loading up his 
undergraduate course with more basic science, con- 
sidering that practical forestry had not yet advanced 
enough for it to be of any value: his course was 
accordingly more weighted on the technological side 
than elsewhere—which might not have been 
in view of his own early specialization. Possibly he 
was inclined to overstress the model of advanced 
European practice, rather curiously adding an over- 
dose of engineering and surveying appropriate to 
India and Burma in the old days. 

No account of Stebbing’s life would be complete 
without reference to his personality. Small and 
spare, he was oxceptionally ‘tough’ both on foot and 
as & horseman, and remained so until an unusually 
advanced age. Stories of his walking performances 
still persist in India, while his equestrian ride from 
his home in Kent (Romden Castle) to London in 
1935 when he was sixty-five was no isolated feat. 

During much of his time at Edinburgh, Stebbing 
had the largest number of students among the four 
university schools of forestry m the United Kingdom. 
Many of them had been sent from overseas, and these 
and many others are serving or have served in the 
forest services of Britain and all countries of the 
Commonwealth; in fact, cases could be quoted 
where the large majority of the officers of the Forest 
Department were his men. One can safely prophesy 
that his record will never be repeated, and he will 
long be remembered in all forestry circles. 

H. G. CHAMPION 


Prof. E. J. Kraus 


Dra. Ezga Jacos Kraus died at Corvallis, Oregon, 
on February 28 at the age of seventy-four. He was 
distinguished throughout the United States both for 
his massive contribution to scientific horticulture and 
for his flair for friendship with young botanists. He 
graduated from Michigan State University in 1907 
and spent the first eleven years of his academic career 
in Oregon State College. In 1919 he went from 
Oregon to the University of Wisconsin ; after a few 
years there he accepted an invitation to a chair in 
the botany department in the University of Chicago, 
where he stayed until his retirement in 1949. 

The scientific work for which Kraus is remembered 
is his analysis of the balance of carbohydrate and 
nitrogen in plants in relation to fruiting. He demon- 
strated that many crop plants did not bear fruit 
unless a balance was maintained between these two 
classes of compounds. Some of his disciples greatly 
over-simplified his ideas by talking loosely about a 
carbohydrate-nitrogen ratio (or even a C/N ratio) ; 
but Kraus himself always realized that the relation 
between chemical composition and fruiting was a 
subtle and complex one, and he was impatient of 
these facile simplifications. Kraus’s ability to 
diagnose why crops failed to bear fruit was quite 
astonishing. He showed (for example) how low 
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yields in the apple orchards in the Hood River valley 
were due tO over-manuring coupled with early 
pruning. A score of other examples could be cited, 
where fruit growers were able to improve their yields 
by controlling the balance of carbohydrate and nitro- 
gen by means of simple horticultural practices : 
manuring, pruning, ringing and the like. 

In Chicago he turned his attention to the anatomical 
effects of plant growth hormones, and (during the 
War, when he was attached to the U.S. Department 
of Agriculture) to the use of hormone-like chemicals 
for weed control ; in both these fields he did important 
work. 

But in the memories of hundreds of students Kraus 
will survive as & man rather than as a research worker. 
His influence on the graduate students who passed 
through his hands was enormous. It was conveyed 
through a quiet approach, a slightly cynical modesty, 
a bubbling sense of humour, and above all an impres- 
sion that the priority which Kraus put first in his life 
was to spend time with young men, to talk to them, to 
travel with them, to pass on to them his enthusiasm 
for scientific horticulture. He was a capital ‘de- 
bunker’ : indeed his interest in applied science and his 
suspicion of pure science sometimes led him to 
distrust research which seemed too sophisticated, and 
the succession of young men who had the privilege 
of his friendship remember with zest his mocking 
pragmatism. 

Kraus disliked administration and committees, and. 
he retired early (partly on account of illness) to spend 
the rest of his life doing the work he loved in the 
place he loved. From 1949 until his death, as a 
visiting professor of horticulture at Oregon State 
College, he devoted his time to horticulture, especially 
to the production of new varieties of chrysanthemums, 
and to cultivating his friends. He died after a long 
and painful succession of illnessea. 

Kraus received wide recognition for his distinction 
in American botany. He was president of the 
Botanical Society of America in 1933 and of the 
American Society of Plant Physiologists in 1928, and 
he won many medals and prizes for his horticultural 
work. Much of his work is inevitably out of date: but 
his influence on a generation of botanists will 
endure. E. ASHBY 


Sir Leonard Woolley 


CHARLES Leonarp WooLrLsY, who died on Feb- 
ruary 20, nearly eighty years old, was perhaps the 
most internationally famous archsologist of his 
generation. This reputation was built upon far more 
than the fact that he best represented the ordinary 
man’s notion of an archzologist, namely, a digger-up 
of the lore, but especially the treasures, of antiquity. 
Certainly this was his life’s work, and certainly his 
successes in it were outstanding. He was constantly 
in the fleld (in Egypt, Syria, above all in Iraq), he 
never belonged to any institution, he never undertook 
to teach students (except by practical example to his 
assistants), and he scarcely attempted academic 
literature ın his subject. 

Yet even among those few who could have worked 
so widely and so hard as he, many would have fallen 
short for want of certain talents which Woolley 

. First, by some scarcely explicable gift, 
he could find the most rewarding spot to work, 
whether it was the choice of Atshanah (the ancient 
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Alalakh) in 1937 among the multitude of settlement- 
mounds in its area, or the divining, season after season, 
at Ur of the most significant quarter to unearth in the 
great city. There he conducted, beginning from 
1926, his most famous operation, revealing the royal 
tombs of Sumerian rulers who had held sway over 
the city in a period of unequalled splendour, about 
2,500 B.c. as now believed, unhappily just before 
writing, already in use, had learned to record history. 

In this great discovery also was best exercised the 
- next in order of Woolley’s talente, namely, a fine 
appreciation of materials in the ground, how they 
should each be reached, traced, or penetrated, how 
objects sighted should be protected from impacts of 
tools or of the atmosphere, how they should be lifted, 
and how first-aid should be given for their protection, 
transport, and even their ultimate reconditioning. 
Many almost deceptively ‘well-preserved’ exhibits 
in museums are now substantially as they left 
Woolley’s hands, not restored or falsified, but skilfully 
extricated by him and remoulded to the shapes which 
they had lost by decay and pressure of earth. Much 
of his work of this kind was brilliantly improvised 
in days which, although not long past, were before 
the very recent development of preservation labora- 
tories and techniques in museums. 

Woolley had, moreover, a notable facility of exposi- 
tion, g which worked in two ways: an attractive 
lecturer and writer for general audiences, he was also 
— more important for one whose discoveries could 
well speak for themselves—a judicious author of 
excavation reporte, that difficult marginal literature 
which, always bulky, is worthless if it strives for 
effect, re repulsive and unreadable if too painfully 
‘scientific’. Woolley’s many publications were highly 
successful in these two kinds ; his popular works are 
both interesting and well founded upon his discoveries 
(whereas his few attempts at more general themes are 
not very valuable), and his large volumes of excava- 
tion reports have the virtues of well-arranged matier, 
ample pictures and plans, and careful description 
based upon his industrious recording in the field. 
Such descriptive parts can nearly always be read with 
interest and ready understanding. Some have, indeed, 
criticized his observation as not being of the bxacti- 
tude demanded by the most recent methods, and it is 
true that Woolley could be intuitive in his perception 
of archeological levels and his mental reconstructions 
of buildings and fragments. But such criticisms seem 
not to make enough allowance for the character of 
most Near Eastern sites, and the pell-mell of dwellings 
and artefacts of different ages, often jumbled to- 
gether, which they usually exhibit. 

Woolley’s lively mind and exploring intelligence, 
if they sometimes led him beyond his evidence, were 
of more service in suggesting many true and fruitful 
consequences of his discoveries. These, as great and 
varied as have fallen to any modern digger, are his 
principal bequest and his enduring memorial. 

O. J. Gapp 


Dr. Eric Boehm 


Dz. Esto Borsm, who died suddenly at Cardiff 
on December 28, was a well-known and respected 
figure in industrial chemical and pharmaceutical 
circles. Born in Breslau, Silesia, sixty-one years 
ago, he served & pharmaceutical apprenticeship 
in the town of Schreiberhau and later studied at 
the University of Berlin, graduating in 1922. He 
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followed this with postgraduate training which, in 
1925, resulted in the award of a Ph.D. He later 
studied bacteriology at the Robert Koch Institute in 
Berlm. The pre-war political situation in Berlin 
forced him and his family to leave Germany for 
Great Britain. 

As a research worker he had become associated 
with Prof. Sabaletechka after the latter had intro- 
duced the now well-known esters of p-hydroxy-benzoic 
acid. Their association resulted in establishing these 
compounds under the trade names of ‘Nipa Esters’ 
as extremely useful, reliable and non-toxic preserva- 
tives for pharmaceutical and medicinal products and 
for foodstuffs. In 1938 these two workers showed 
that estera of gallic acid showed very promising anti- 
oxdant activities ; this led to the widespread use of 
propyl gallate as an anti-oxidant for animal fats to 
prevent or retard rancidity. Its proved non-toxicity 
was recognized in 1948 when the United States 
officially approved its incorporation in fate for human 
consumption, to be followed by similar recognition in 
Britain and elsewhere. 

In 1942, Boehm showed that certam mono-aryl 
and mono-alkyl ethers of ethylene glycol possess 
bactericidal activity. Interest centred chiefly around 
the phenyl ether of ethylene glycol (“Phenoxetol’), 
which was investigated bacteriologically and clinically 
by Berry, Gough eż al. It showed unusual activity 
against Ps. pyocyanea and during the War, in the 
early days of penicillin, when topical application to 
wounds was, of necessity, used, a combination of 
‘Phenoxetol’ with penicillin widened the antibacterial 
spectrum of the latter and also prevented its decom- 
position in the wound. 

Dr. Boehm was that rare combination of an able 
scientist and capable busmess administrator. He 
also combined rare intellectual qualities with integrity, 
charm and kindness, as those who had the privilege 
of knowing him can testify. H. Burey 


Prof. H. Stansfield 


Pror. HERBERT STANSFIELD, whose death occurred 
on March 14, was appointed to the chair of physics 
and electrical engineering at University College, 
Southampton, in 1912. Previously he was a lecturer 
in physics in the Victoria University, Manchester. 
In 1919 he was transferred, with other Departments 
of the College, from the old Hartley Building to the 
new site at Highfield. 

Research undertaken at Southampton by various 
members of his staff, under his direction, was started 
in the late twenties. His main interest was in optics, 
particularly with modzfications to the Michelson inter- 
ferometer experiments on the velocity of light. One 
summer he co-operated with the Royal Navy on 
sound recordings of gunfire. Setting up his apparatus 
in an area where no reports were expected, many 
yards of photographic paper recordings from an 
Eindhoven strmg galvanometer were processed and 
examined, and the nil report confirmed. 

Past students will remember Prof. Stansfield’s very 
characteristic action in stroking his fountain pen on 
his beard in order to charge some piece of electro- 
static equipment in lecture demonstrations. Another 
characteristic was his exceptionally dry skin. He 
would touch 200-V. terminals with his fingers and 
then to be quite sure he would moisten them and 
repeat the action and remark, “Yes, I am sure they 
are alive” ! 
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He retired in 1932 at the age of sixty, and the 
opportunity was then taken to separate the Depart- 
ment of Electrical Engineering at Southampton from 
Physics, and join it with the Departments of Civil 
and also Mechanical Engineering in the Engineering 
Faculty. C. E. CHESTER 


Mr. W. H. Searle, B.E.M. 


WiLtraM SearrE, who was for sixty-three years 
fisherman collector on the staff of the Marine Bio- 
logical Association of the United Kingdom, died at 
Plymouth on April 6, at the age of eighty-four. 
. ‘Bill’, as he was affectionately known by all, must 
live in the memory of a great number of biologists, 
from all over the world, who visited the Plymouth 
laboratory either as research workers or students. It 
can be truly said that he played a very important 
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New Director of the Science Museum, London: 
Dr. D. H. Follett 


On taking up his duties as director of the Science 
Museum in succession to Dr. T. O. 8. Morrison-Scott 
(seo Nature, March 26, p. 888), Dr. D. H. Follett 
will relinquish his post as keeper of the Department 
of Electrical Engineering and Communications in the 
Museum, to which he was appointed in 1957. Dr. 
Follett graduated from Bragenose College, Oxford, 
in 1929, in the honours school of physics. He then 
entered the firm of Adam Hilger, Ltd., where he was 
engaged in developing the application of photoelectric 
methods, particularly to spectrophotometry. At the 
same time he carried on part-time research in cosmic 
rays at Birkbeck College under Prof. P. M. 8. Blackett, 
for which he was awarded the internal degree of Ph.D. 
of the University of London. He joined the Science 
Museum staff m 1937 as assistant keeper in the 
Department of Physics, in which Department he 
remained, apart from the war years, until 1957, his 
special responsibility being for electricity and 
acoustics. During the War he served with the Meteoro- 
logical Branch of the R.A.F. Volunteer Reserve and 
was engaged, among various duties, on the operational 
development of the cathode-ray direction-finding 
system for locating thunderstorms. He was appointed 
secretary of the Science Museum Advisory Council 
on its reconstruction in 1951, a post which he held 
for six years in addition to his other museum duties. 
During this period he acquired a broad view of the 
Museum's functioning in all ite aspects. Apart from 
his special interest in museums and the history of 
science—he is a Fellow of the Museums Association 
and a member of the British Society for the History 
of Science—Dr. Follett has wide interests in science 
generally and physics in particular. He is a Fellow 
of the Institute of Physics, being vice-chairman of 
the Education Group, a Fellow of the Physical 
Society and a member of the Committee of Visitors 
of the Royal Institution. 


Research at the Ministry of Aviation : 
Mr. E. B. Carter 
Mr. E. B. Caer, at present serving as an 
assistant director in the Research and 
Development Division of the Ministry of Aviation, 
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part in the development of marine biology through 
his remarkable knowledge of the fauna and flora and 
its local distribution as far afield as Salcombe. He 
was able to produce almost any organism when 
required, though their specific names were not easy 
to interpret when marked by a broad Devonshire 
accent. Searle jomed the Association’s staff in 
December 1895, and worked tirelessly and devotedly, 
for many years single-handed, in small vessels which 
have become part of the history of marine biology, 
Anton Dohrn, Busy Bee, Huxley, Otthona and finally 
Gammarus, now in her thirty-seventh year. 

Hoe was elected an associate member of the Marine 
Biological Association in 1953. He also received the 
Queen’s Coronation Medal; and in 1957 his services 
to science were recognized by the award of the 
British Empire Medal, of which he was very proud. 
He retired from service in 1958. F. 8. Russe 
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has been promoted to deputy chief scientific officer 
and appointed director of engine production. He has 
a wide and varied experience of research and develop- 
ment on all types of asro-engine, ranging from piston 
engines through gas turbines to ramjote and nocket 
engines, which will be a considerable asset to him in 
his new job, in an engineering sphere where develop- 
ment and production are very closely linked together. 
Mr. Carter was born in 1912 in Halifax and received 
his early technical training at Halifax Technical 
College. On completion of the mechanical engineering 
course, he studied machine tool practice and was 
appointed assistant workshop instructor. In 1936, he 
became workshop superintendent and lecturer at 
Constantine College, Middlesbrough. Mr. Carter 
entered the Civil Service in 1939 on his appointment 
as & technical assistant in the Directorate of Engine 
Research and Development of the Air Ministry. From 
that time until 1955, his London. Headquarters’ 

service in the Ar j of Aircraft Pro- 
duction, and Ministry of Supply alternated with 
periods of service as resident technical officer at the 
Bristol, Napier and de Havilland engine companies. 

In 1955, Mr. Carter was appointed assistant director 
in charge of research and development of ramjet and 
liquid-propellant rocket engines for aircraft and 
missiles, the post he relinquishes to take up his 
appointment as director of engine production. 


Mr. J. D. Clare 


Mr. J. D. Oranu has been promoted to deputy 
chief scientific officer and appointed director of guided 
weapons research and development (Air) at the 
Ministry of Aviation Headquarters. In his new post 
he will be responsible for the development of the 
surface-to-air and air-to-air guided weapons for the 
Royal Air Force and the Army. Mr. Clare graduated 
at the University of Birmingham in 1940. He joined 
the General Electric Co., Coventry, as a student 
apprentice and later worked in the telecommunica- 
tions laboratory on many aspects of carrier telephony 

ms. this time he obtained his M.8c. In 
1945 he joined Sobell Industries as head of the radio 
laboratory and later became assistant chief engineer 
responsible for both the design and development for 
production of commercial radio and television 
receivers. In 1950 he joined the Ministry of Supply 
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at the Radar Research and Development Establish- 

ment, Malvern, and worked on high-power precision 
tracking radars. On the amalgamation of the 
Radar Research and Development Establishment 
with the Telecommunications Research Establishment 
to form the Royal Radar Establishment, he joined 
the Guided Weapon Department and in 1955 he 
became superintendent, surface-to-air guided weapons 
guidance systems. In this post he has been respon- 
sible for research on new guidance techniques which 
now form the basis of the future systems for the air 
defence of the United Kingdom and the field army. 
He has also been responsible for the development of 
tracking radars and other components of the systems 
and for the technical co-ordination of the complete 
systems. 


The Central Botanical Laboratory, Allahabad : 
Dr. E. K. Janaki Ammal 


Dre. E. K. Janaxr Ammar retired from the post of 
director of the Central Botanical Laboratory, 
Botanical Survey of India, Allahabad, on October 13, 
1959. Dr. Janaki Ammal has been intimately 
associated with the reorganization of the Botanical 
Survey of India, first as officer on special duty 
(1952-53) and as director, Central Botanical Labor- 
story. Dr. Ammal is widely known for the ‘‘Chromo- 
sonte Atlas of Cultivated Plants” which she compiled 
with Dr. C. D. Darlington. She is at present officer 
on special duty, Regional Research Leboratory, 
Jammu (in Kashmir State). 


Dr. G. S. Puri 


Dz. G. 8. Port has been appointed director of the 
Central Botanical Laboratory, Allahabad, in suc- 
cession to Dr. E. K. Janaki Ammal. Dr. Puri has 
had a varied experience during his past twenty-five 
years of botanical career. He has done work of 
international recognition in palwobotany, phyto- 
geography and ecology, and had the privilege of 
working with Prof. Birbal Sahni at Lucknow and 
Prof. W. H. Pearsall at London. He was forest 
ecologist at the Forest Research Institute, Dehra 
Dun, for about ten years and during the past three 
years as regional botanist of the Western Circle of 
the Botanical Survey of India he completed a recon- 
naissance survey of the vegetation of western India. 
Dr. Puri has published about 200 botanical papers, 
including two major books, the ‘‘Indian Manual of 
Plant Ecology” and “Forest Ecology”. 


The Australian Academy of Science 


Toe followmg new Fellows of the Australian 
Academy of Science have recently been elected : 
Prof. A. E. Alexander, professor of applied chem- 
istry, University of New South Wales; Prof. G. M. 
Badger, professor of organic chemistry, University of 
Adelaide; Dr. 8. Fazekas de St. Groth, reader in 
virology, John Curtin School of Medical Research, 
Australian National University; Prof. K. J. Le- 
Couteur, professor of theoretical physics, Research 
School of Physical Sciences, Australian National 
University ; Dr. J. M. Rendel, chief of the Division 
of Animal Genetics, Commonwealth Scientific and 
Industrial Research Organization; Dr. F. W. G. 
White, chairman of the Commonwealth Scientific and 
Industrial Research Organization. 

The Thomas Ranken Lyle Medal for 1959 was 
presented to Prof. E. S. Barnes, professor of mathe- 
matics in the University of Adelaide, who delivered 
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an addregs on number theory, his special field of 
work in mathematics. 


Awards of the Meldola Medal for 1959 


THe Meldola Medal, which is the gift of the 
Society of Maccabsaeans, is normally awarded 
annually. On four occasions in the past, two 
candidates have been adjudged to be of equal merit in 
diverse fields of work and two awards were made. 
This year it has again been decided to make two 
awards of the Meldola Medal. The recipients will be 
Dr. J. I. G. Cadogan, Department of Chemistry, 
King’s College, London, for his work in the field of 
organic chemistry, with special reference to reactions 
of free radicals in solution and to reactions of organo- 
phosphorus compounds ; and Dr. T. C. Waddington, 
Department of Chemistry, University of Cambridge, 
for his work in the fields of physical and inorganic 
chemistry, with special reference to thermochemistry 
and reactivity of azides; photoconductivity of 
anthracene ; lattice energies and infra-red spectra of 
inorganic salts ; and liquid ponies chloride as an 
ionizing solvent. 


The Food Research Advisory Committee 


Mr. J. B. GODBER, Joint Parliamentary Secretary 
to the Ministry of Agriculture, Fisheries and Food, 
recently stated that the Minister and the Secretary 
of State for Scotland had set up a committee, under 
the chairmanship of the Permanent Secretary of the 
Ministry of Agriculture, Fisheries and Food, to assist 
them in advising the Agricultural Research Council 
on priorities in Government food research. This was 
in a written answer to & question in the House of 
Commons as to the arrangements for ensuring that 
the technical problems of the food industry are 
brought to the notice of the Agricultural Research 
Council now that the Council is responsible for the 
three Government research stations concerned with 
the handling and processing of foodstuffs. The Com- 
mittee would be known as the Food Research 
Advisory Committee and ita terms of reference would 


be: “To advise on those food problems (except for ~ 


fish, which is dealt with separately) requiring investi- 
gation or research which should be undertaken with 
the aid of public funds and to make recommendations 
as to the priorities to be accorded to such problems’’. 
In addition to the chairman, Mr. E. Capstick, Dr. 
D. P. Cuthbertson, Sir Charles Dodds, Mr. J. D. 
Hutchison, Mr. D. Lowe, Mr. A. Sainsbury, Sir 
William Slater, Dr. J. A. B. Smith, Mr. T. A. H. 
Sycamore, Mr. J. P. Van den Bergh, Sir George 
Wilson and Mr. N. Wood had accepted invitations 
to be members of the Committee. 


Ford Research Fellowships In Animal Reproduction 


Tam Ford Foundation bas made a grant of 550,000 
dollars (£196,000) to the Zoological Society of London 
to endow a series of research fellowships in animal 
reproduction. Our present knowledge of reproductive 
processes is derived mainly from observations on a 
limited number of species, such as rats, mice, rabbits, 
guinea pigs, monkeys, and farm animals; but it is 
sufficient to show that there is great diversity in 
reproductive mechanisms. We know that some 
species are continuous breeders and that others are 
seasonal; that some animals ovulate spontaneously 
and that others do so only as a result of various forms 
of external stimulation. These differences have always 
served as pointers to research, which has in turn 
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revealed issues which are vitally important to the 
contro! of reproduction. The animal collections main- 
tained by the Society at Regent’s Park and Whip- 
anade constitute the richest assemblies of living 
vertebrates in the world, and the Society also has in 
its possession breeding records which go back to the 
year 1828. The resources of the Society, however, 
have never been sufficient to promote a proper and 
continuing investigation of breeding behaviour. 

Those appointed to the research fellowships, of 
which there will be six—three senior and three junior 
fellowships—will be expected to undertake systematic 
studies of the reproductive habits and the physiology 
of animals. It is hoped that they will have a secondary 
attachment to a university department or to a 
research institute in which reproductive physiology 
is & major research interest. Laboratories will be 
provided at Regent’s Park by the Zoological Society, 
and a Breeding Research Committee, including 
British scientists who are in the forefront of research 
into reproductive physiology, has been established to 
supervise the work. Among those serving on the 
Committee are Prof. E. ©. Amoroso, Prof. F. W. 
Rogers-Brambell, Prof. A. 8t. G. Huggett and Dr. 
A. S. Parkes. 


The Beit Memorlal Fellowships 


Tx trustees of the Beit Memorial Fellowships for 
medical research have announced the following 
elections: Junior Fellowships (£900 a year), D. C. 
Watts, to study the mechanism of enzymes in muscle 
from animals of various species and especially the 
role of the sulphydryl groups thought to be necessary 
for enzyme activity (at the Department of Biochemis- 
try, University College, London) ; J. R, Casley-Smuth, 
to investigate the ultra-structure and properties of 
the endothelium of lymphatics, in health and disease, 
with special reference to dropsy (at the Sir William 
Dunn School of Pathology, Oxford); P. F. Fottrell, 
to investigate the mechanism of adaptive enzyme 
formation in normal and malignent animal cells 
maintained in tissue culture (at the Tissue Culture 
Laboratory, Biochemistry Department, University 
of Glasgow); A. J. Rowe, to study the properties 
of the contractile muscle protein myosin, by means 
of the electron microscope (at the Department of 
Colloid Science, Cambridge); Dr. G. F. V. Seaman, 
to study the relationship between the chemical com- 
position of the human red blood corpuscle membrane 
and its electrokinetic charge as determined by micro- 
electrophoresis (at the Department of Medicine, 
Cambridge). Sentor Fellowship (£1,300 a year), 
Dr. J. R. Tata, to purify and isolate thyroxine 
dehalogenase from various tissues and to investigate 
the relationship between metabolic transformation of 
thyroid hormones and their action in an isolated 
system (st the National Institute for Medical Re- 
search, Mill Hill, London). 


Paul Instrument Fund Awards 


AWARDS of grants by the Paul Instrument Fund 
Committee have been made as follows: £2,500, with 
the probability of further grants totalling up to 
£3,000, to Dr. J. H. Sanders, university lecturer and 
demonstrator in physics, Clarendon Laboratory, 
Oxford, for the construction of an optical maser ; 
£3,000 to Mr. H. W. Gosling, lecturer in the Depart- 
ment of Engineering, University College of Swansea, 
for the construction of an instrument for checking 
the stability of the standard ampere. The Paul 
Instrument Fund Committee, composed of repre- 
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sentatives of the Royal Society, Physical Society, 
Institute of Physics and Institution of Electrica] 
Engineers, was set up in 1945 “to receive applications 
from British subjects who are research workers in 
Great Britain for grants for the design, construction 
and maintenance of novel, unusual or much improved 
types of physical instruments and apparatus for 
investigations in pure or applied physical science”. 


Co-operative Research in Europe 


A sHORT article, “O.E.E.C. and the Scientific 
Future”, in the February issue of European Pro- 
ductivity notes some of the ways in which the 
Organization for European Economic Co-operation 
has been strengthening the scientific resources of 
Europe. First, the Organization is pursuing an 
inquiry into the scientific policies of member countries 
and their research resources, such as a study of fiscal 
measures which influence investment in industrial 
research. Secondly, co-operative research is in pro- 
gress on fatigue failure in metals and the fouling of 
ships’ hulls ; representatives from Sweden and Yugo- 
slavia joined the group of experts this year and the 
adhesion of Yugoslavia will make it possible to 
secure a better picture of fouling organisms in Medi- 
terranean waters. Tests are still being made in 
Europe, Australia, North America, South Africa and 
Singapore, and a catalogue of the biologic#l and 
hydrological characteristics of the testing stations in 
use will be published. Experts from nine European 
countries and the United States have met to plan 
co-operative research into aircraft noise and have 
recommended free exchange of all available informa- 
tion on aircraft noise and its effects, particularly its 
biological effects on people living near airports. A 
permanent group has been set up to advise the 
Committee on Applied Research on the long-term 
development of research into the abatement of air- 
craft noise. A group of nine member countries 
dealing with fire research is proposing to study 
unstable chemicals for plastics and also fire-fighting 
techniques and materials, while other work is in hand 
on the industrial utilization of oil-shale fires, the 
measurement of air pollution, static electricity in 
industrial tools, road safety and production engin- 
eering techniques. Thirdly, attention is being given 
to the supply of scientific and technical personnel in 
relation to Europe’s economic needs, including such 
matters as the use of television in science teaching, 
and methods of teaching mathematics in schools. 


British Library of Political and Economic Science 


Ton annual report of the British Library of 
Political and Economic Science for 1958-59 records 
little change in the funds available for purchase or 
in book prices ; but acquisitions of Russian publics- 
tions were slightly lower than in 1957-58 and were 
facilitated by exchange arrangements with the 
Saltykor-Shchedrin Public Library, Leningrad, the 
Lenin Library, Moscow, and the All-Union Library 
of Foreign Literature (pp. 16. London: British 
Library of Political and Economic Science, 1959). 
Additions during the year included 5,330 treatises, 
1,510 pamphlets, 2,886 non-serial government pub- 
lications and 8,235 current serials, including 5,913 
periodical titles received as gifts from governments, 
municipalities, institutions and societies. Of the 
Library’s total holdings of 401,752 bound volumes, 
12,137 were in the Lending Library and 4,674 in the 
Shaw Library. 
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The Manchester Museum 


Tue annual report of the Manchester Museum for 
1958-59 records that the year has been notable for 
the continuation of the policy of the Commuttee to 
modernize display and provide showcases with 
internal lighting, the receipt of a number of valuable 
acquisitions including the Raby collection of coins 
and the Armstrong collection of bones and artefacts 
from Pin Hole Cave, Derbyshire, and the mounting 
of a series of exhibitions in the special gallery devoted 
to this purpose (pp. 20. Manchester: The Man- 
chester Museum, The University, 1960). These latter 
mcluded the R. W. Lloyd Japanese Collection and 
the Robinow Collection from ancient Egypt. During 
the year two departmental guides, devoted to 
ethnology and mammals, were published. It is also 
reported that the University has allocated certain 
funds for the conversion of the Archsological 
Balcony into a complete gallery, part of which can 
be used for the R. W. Lloyd Japanese material. Tho 
building programme of the University has made it 
possible for the Department of Zoology to relinquish 
tho accommodation adjoining the Herbarium, and 
this is to be used for a much-needed botanical labor- 
atory, an office and for storage. 


Geological Surveying by Hellcopter 


Ur to about 1950, after more than a century of 
effért, only about a third of Canada’s 3-6 mullion 
square miles of land had been mapped geologically 
even on a reconnaissance scale. Conventional field 
work in increasingly remote regions wes becoming 
prohibitively slow and costly, and insufficient 
trained geologists were available to carry out inten- 
sive pioneer explorations comparable to the all-out 
Russian efforts in Siberia. Clearly a radically new 
field technique was required to meet the urgent need 
for geological exploration, development and exploita- 
tion in the north. In a recent publication officers 
of the Geological Survey describe how this new tech- 
nique has been found ın the widespread use of beli- 
copters (Canada : Department of Mines and Technical 
Surveys. Geological Survey of Canada. Bulletin 
No. 54: Helicopter Operations of the Geological 
Survey of Canada. By Officers of the Geological 
Survey of Canada. Pp. xii+60+4-7 plates. (Ottawa : 
Queen’s Printer, 1959.) 75 cents). Seven major 
helicopter-supported geological surveys, instituted as 
experiments between 1952 and 1958, have covered 
close on half a million square miles—half as much 
ground as had been mapped in the previous 110 
years. While these helicopter operations have 
afforded maps on the scale of 1 in. to 8 miles 
(1 : 506,880) instead of the I in. to 4 miles common 
in conventional reconnaissance, they have given 
more uniform coverage and more speedy results at an 
operating cost (in the region of 1-68-3-63 dollara per 
square mile) leas than that of any other field method 
known. The rapid progress is indeed remarkable ; 
but Canada still has some considerable way to go 
before it overtakes the U.S.S.R., now almost com- 
pletely mapped on scales of between 1: 500,000 and 
1: 1,000,000, and producing on a scale of 1 : 200,000 
between 120 and 150 map-sheets per annum. 


Fate of Bacteria In the Small Intestine 

Recount work carried out by J. M. 8. Dixon, of 
the Public Health Laboratory, Cardiff, confirms the 
view that the empty small intestine of healthy 
persons contains only a few transient organisms, 
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even when free acid ıs absent from the stomach (J. 
Path, and Bact., 79, No. 1; January 1960). The small 
gut appears to possess some antibacterial mechanism 
causing organisms that escape destruction in the 
stomach to be either destroyed or removed from the 
lumen before they can multiply. There has been 
some disagreement as to whether the small intestine 
is relatively free from organisms because of destruc- 
tion of bacteria within the lumen or because peri- 
staltic activity removes the bacteria before they can 
multiply. The im vivo experiments were designed to 
elucidate this point. Test organisms were inoculated 
directly into subcutaneously displaced loops of small 


intestine of non-ansesthetized rats together with an . 
inert unabsorbable marker. The animals were killed: | 


after periods of time and the number of bacteria and 
quantity of marker present in regions of the small 
gut determined. The marker used was a radioactive 
wotope of chromium which, when tagged to red blood 
cells, is virtually unabsorbed from the intestine. The 


results of twenty-eight bacterial inoculations im-" 


dicated that bacteria were rapidly moved onward 
and soon removed from the small mtestine by peri- 
staltic action. There was no indication of bactericidal 
action. Mechanical removal by peristaltic action, 
aided by the secretion of mucus, 1s probably the main 
fate of viable organisms that enter the small intestine. 


Cave-dwelling Shrimps 


Tue Australian Museum announces that it has 
acquired from the Milyering district, Western Austra- 
lia, some freshwater shrimps of considerable intereat to 
zoologists (Aust. Mus. Mag., 13, No.3; 1959). The 
specimens were collected by Mr. A. Snell, of Bunbury, 
West Australia, in the dark recesses of a well 
bored through coral and limestone country. The 
shrimps lack sight and have been identified as true 
troglodic (cave-dwelling) forms—the first to be 
recognized from the Australian continent, and not 
previously recorded. The task of providing the 
shrimps with a zoological name and preparmg a 
description of them for publication in the Records of 
the Australian Museum is being undertaken by Dr. 
Lipke Holthus, of the Leyden Museum, Holland. 


Large Pine Weevll 


THE first of the leaflets published by the Forestry 
Commission has now been issued in revised form and 
illustrated with attractive colours (Forestry Com- 
mission Leaflets No. 1: The Large Pine Weevil 
(Hylobius abtetts). Revised edition. Pp. 11. London : 
H.M. Stationery Office, 1960. Is.). It deals with the 
large pine weevil, Hylobius abtettes L., which is the 
only species of the genus Hylobsus of importance in 
coniferous forests in Britam. It feeds on the bark of 
young conifersus trees, and, where it is unduly 
numerous, may cause the complete loss of a newly 
planted crop. Recent trials, both in Great Britain 
and abroad, have shown that it is possible to provide 
protection to young crops by the direct application 
of various insecticides. Two possible situations may 
arise—that in which the weevil attack is anticipated, 
and that in which the weevil attack occurs un- 
expectedly. In the former case, the dipping of 
planting stock before planting out should be used ; 


but in the latter the young crop should be sprayed , 


as soon as the attack develops. With both types of 
treatment the insecticide recommended for use 1s 
DDT. The main factor controlling the numbers of 
Hylobius is the availability of suitable breeding sites. 
When breeding grounds are provided by fellings or 
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by natural catastrophes such as fire or wind-blow, 
numbers inevitably rise. Some control of weevil 
increase is afforded by insect parasites, such as 
Bracon hylobii Ratz. and Ephialtes tuberculatus Geoff. 
m Four., by fungal attack on larvæ and possibly by 
birds. Generally, this natural control is unable to 
keep populations below a density at which they can 
cause serious damage to young conifer crops. 


The Nucleus in a Basidiomycete 


A. BAKERSPIGEL has given a detailed account, 
with numerous photographic illustrations, of the 
structure and manner of division of vegetative hyphal 
nuclei in Schizophyllum commune (Canad. J. Bot., 37, 


No. 5, 835; 1959). These nuclei do not divide in a 


manner directly comparable to ordinary mitosis. 
During division the tightly packed chromatinic 
granules become loosely arranged, after which they 
contract mto a densely stained bar. As division 
proceeds, this bar of chromatin elongates and then 
constricts at its mid-region. At the end of division 
the extremities pull apart quickly to form the 
chromatin portions of the two sister nuclei. The 
Feulgen-negative central bodies decrease in size, and 
at the end of division their remnants lie free in the 
cytoplasm. New central bodies arise in the maturing 
sister nuclei. Throughout division, metaphase plates, 
spindles, or individual chromosomes were not 
observed in any of the stamed or living preparations. 
A nuclear membrane has not been observed sur- 
rounding any of these nucle. 


Anchiceratops from Alberta 

A NATURAL history paper by Mr. Wann Langston, 
jun. (No. 3; September 23, 1959), published by the 
National Museum of Canada, deals with specimens of 
Anchiceratops from the Oldman formation of Alberta. 
This is an Upper Cretaceous bed, and the material 
was collected by a National Museum expedition of 
1937. The paper describes fully the specimens in the 
Museum and discusses the habitat of Anchiceratops 
and the characteristics of the sediments in which 
they are found. 


Miniature Gyroscopes 

Ix the first of a series of articles devoted to micro- 
instruments, W. R. Simons of Smiths Aircraft Instru- 
ments Ltd., describes the use of miniature gyroscopes 
in aircraft and guided missiles (Research for Industry, 
13, No. 2; February, 1960). The special require- 
menta of guided missile control systems and recent 
developments in the design of aircraft auto-pilots 
have created a demand for miniaturized gyroscopes, 
possessing high accuracy together with exceptional 
reliability and robustness. Some of the fundamental 
problems associated with the design of these miniature 
gyroscopes are discussed and typical examples of 
the instruments are described. 


Bibliography on Plasma Physics and Magnetohydro- 

dynamics 

THoucH the subject of magnetohydrodynamics 
dates back to the nineteenth century, it is primarily 
in the past two decades that it has attracted wide 
attention. Its umportance, first recognized in astro- 
physics, has spread to many fields, particularly the 
study of the flow of gases and the appearance of 
ionization, and the phenomena presented by com- 
pletely ionized plasmas at extremely high tempera- 
tures.- The literature on the subject has increased at 
a rapid.rate, and we are indebted to J. D. Ramer, 
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of the Engineermg and Physical Sciences Library of 
the University of Maryland, for the collection of 
hterature of the period 1937-69 which he has com- 
pued (Bibliography on Plasma Physics and Magneto- 
hydrodynamics and their Applications to Controlled 
Thermonuclear Reactions. Pp. ii+105. College 
Park, Maryland: Engineering and Physical Sciences 
Library, University of Maryland, 1959). The bibho- 
graphy contains 1,707 references arranged alpha- 
betically by authors. In general, the titles of the 
papers are given in English, but the language of the 
original article ıs quoted. The author index scems 
superfluous (it covers twelve pages), but together 
with the numerical index to Atomic Energy Reports 
(five pages) and the alphabetical list of journals 
referred to in the bibliography (four pages) which 
complete the volume, it grves an excellent impression 
of the wide and useful coverage of the bibliography. 


Scholarships in Chemical Engineering 


CONSTRUCTORS John Brown, Ltd., have entered 
into an agreement with the Institution of Chemical 
Engimeers for the award of two scholarships. The 
purpose of the scholarships is to encourage research 
in chemical engineering and, in particular, in chemical 
plant design. The scholarships are tenable at any 
educational institution in the United Kingdom in 
receipt of grants from the University Grants Com- 
mittee, and having a department of chemical ngin- 
eering under the direction of a professor of chemical 
engineering. Further information can be obtamed 
from Dr. J. B. Brennan, Institution of Chemical 
Engineers, 16 Belgrave Square, London, 8.W.1. 
Applications should reach the Institution not later 
than June 1. 


University News : Birmingham 


Tue following appointments to lectureships have 
been made: Dr. G. H. Burkhardt (mathematical 
physics); Dr. D. ©. Champeney (physics); Mr. 
D. A. O'Connor (physics); Dr. M. J. Lawrence 
(genetics); Mr. G. H. Trengrouse (mechanical 
engineering); and Mr. E. Amini (mechanical engin- 
eering). 

Edinburgh 


A CHAR of electrical engineering has been instituted 
in the Unnversity of Edinburgh and apphcations for 
appointment to it will shortly be invited. 


London 


Dr. K. W. Cross, reader in physiology at St. 
Mary’s Hospital Medical School, has been appointed 
to the University chair of physiology tenable at the 
London Hospital Medical College. Dr. B. ©. L. 
Weeden, reader ın organio chemistry at the Imperial 
College of Science and Technology, has been appointed 
to the University chair of organic chemistry tenable 
at Queen Mary College. Dr. D. V. Ager, lecturer in 
geology at the Imperial College of Science and Tech- 
nology, has been appointed to the University reader- 
ship in geology tenable at that College. The title of 
reader in the history and philosophy of science in the 
University of London has been conferred on Dr. 
N. H. de V. Heathcote in respect of his post at 
University College. 

The following elections to fellowships of the 
Imperial College of Science and Technology have been 
made: Sir Harold Roxbee Cox, director, Wilmot 
Breeden (Holdings), Ltd., the Metal Box Company, 
etc., former special lecturer in aircraft structures ; 
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Prof. C. W. Dannatt, professor emeritus, former 
professor of metallurgy and former dean of the 
Royal School of Mines; Prof. F. G. Gregory, pro- 
fessor emeritus and former professor of plant physio- 
logy; Mr. G. C. Lowry, former secretary of the 
College; and Sir William Pugh, director of the 
Geological Survey and Museum, member of the 
Governing Body. 


Announcements 


Mr. J. B. ADAMS, at present director of the Proton 
Synchrotron Division of the European Organization 
for Nuclear Research (CERN), has been appointed 
interim director-general of the Orgenization ; this 
appointment became necessary as the result of the 
recent death in an aeroplane accident of Prof. C. J. 
Bakker. Mr. Adams was recently appointed director 
of the new Controlled Thermonuclear Research 
Establishment in the United Kingdom, but will 
remain with CERN until later this year. 


Dr. W. F. FLoyp, senior lecturer in physiology at 
the Middlesex Hospital Medical School, University 
of London, has been appointed to be first head of 
the Department of Ergonomics and Cybernetics at 
Loughborough College of Technology. Dr. Floyd 
will assume his appointment at Loughborough in 
September. 


Ur. H. D. Kay, director of Twyford Laboratories, 
Ltd., Twyford Abbey Road, London, N.W.10, 
announces the following appointments : Microbiology 
Section, Dr. C. Elizabeth Work, who has carried out 
research in the Department of Chemical Pathology, 
University College Hospital Medical School, London ; 
Dr. Work will be assisted. by Dr. V. A. Knivett, 
formerly of the Microbiology Section of the National 
Chemical Laboratory (Department of Scientific and 
Industrial Research), Teddington. Biochemistry 
Section, Dr. J. Leggett Bailey, recently at the 
Rowett Research Institute, Aberdeen; he will be 
assisted by Dr. R. J. Sturgeon, of the Research and 
Development Department at Epsom of the Distillers 
Company, Ltd. 


THE sixth annual Guenter Loeser Memorial 
Lecture will be given by Dr. Hans E. Hinteregger on 
“Solar Extreme Ultra-violet Radiation as a Source of 
Interplanetary Ionization”. The Lecture, organized 
by the U.S. Geophysical Research Directorate, will 
be given in the Lexington High School Auditorium, 
Lexington, Massachusetts, on June 1. Further 
information can be obtained from Arnold M. 
McCalmont, Geophysical Research Directorate, Air 
Force Cambridge Research Center, Bedford, Maas. 


THERE will be open days at the National Physical 
Laboratory, Teddington, on May 25 and 26. The 
new Ship Hydrodynamics Laboratory at Feltham 
(seo Nature, 184, 926; 1959) will be open to inspec- 
tion for the first time. 


THe seventy-fifth anniversary exhibition of the 
Royal Scottish Geographical Society, entitled ‘“Map- 
ping Britain”, is being held in the Royal Scottish 
Museum, Chambers Street, Edinburgh, during May 
14-June 25. Further information can be obtained 
from the Secretary of the Society at Synod Hall, 
Castle Terrace, Edinburgh 1. 


THE second Congress on Catalysis is to be held in 
Paris during July 4-9. Further information can be 
obtained from Prof. Q. Emschwiller, 10 rue Vauquelin, 
Parig 5°. 
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Tue eleventh International Astronautical Co 
is to be held in Stockholm during August 15-20 under , 
the auspices of the Swedish Interplanetary Society. 
Further information can be obtained from the Con- 
gress Information and Publicity Committee, IAF-60, 
Box 5045, Stockholm 5, Sweden. 


AN International Conference on Scientific Problems 
of Crop Protection, sponsored by the Hungarian 
Academy of Sciences, will be held in Budapest during 
July 19-22. Further information can be obtained 
from Z. Király, Research Institute for Plant Pro- 
tection, Budapest. 


AN International Congress on Photobiology is to be - 


held in Copenhagen during July 31-August 5 under 
the auspices of the International Committee of. 
Photobiology. Further information can be obtained 
from Dr. B. Chr. Christensen, Finsen Memorial 
Hospital, Strandboulevard 49, Copenhagen Ø. 


THE sixth Commonwealth Conference on Mycology ` 
will be held at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W.C.1, 
during July 15-23. Further information can be 
obtained from the Commonwealth Mycological 
Institute, Ferry Lane, Kew, Surrey. 


The fourth International Conference on Goitre is 
to be held at Church House, Great Smith Street, 
London, 8.W.1, during July 5-9. Further informa- 
tion can be obtained from the honorary secretary, Dr. 
Selwyn Taylor, 87c New Bond Street, London, W.1. 


A CONFERENOE on heat treatment practice, organ- 
ized by the British Iron and Steel Research Associa- 
tion, will be held at Harrogate during July 5-6. 
Further details can be obtained from the Technical 
Secretary, Metallurgy (General) Division, British 
Iron and Steel Research Association, 11 Park Lane, 
London, W.1. 


An International Congress of Endocrinology, the 
first of its kind, is to be held in Copenhagen during 
July 18-23. Further information can be obtained 
from the Congress Secretariat, Dr. Svend, Q. Johnsen, 
Hormone Department, Statens Seruminstitut, Copen- 
hagen S, or the general secretary, Prof. F. T. G. 
Prunty, Department of Chemical Pathology, St. 
Thomas’s Hospital Medical School, London, 8.E.1. 


Tre annual meeting and summer conference 
of the Society for Apphed Bacteriology will be held 
at Bangor during July 5-7. Further information can 
be obtained from Dr. Ella M. Barnes, Low Tempera- 
ture Research Station, Downing Street, Cambridge. 


Tam third International Conference on Medical 
Electronics and associated scientific exhibition are 
to be held at Olympia, London, during July 21-27. 
The conference is bemg organized jointly by the 
Electronics and Communications Section of the 
Institution of Electrical Engineers and the Inter- 
national Federation for Medical Electronics. Further 
information can be obtained from the Conference 
Secretariat, Institution of Electrical Engineers, 
Savoy Place, London, W.C.2. 

A NEW list of medical and technical papers prepared 
by research workers has just been issued by Cyanamid 
International in London. The current range of 
subjects covers the trial administration of Lederle 
Laboratories’ oral polio vaccine in many different 
countries and papers on specialty industrial chem- 
icals. These paper are available from the Cyanamid 
International Information Service, 16 Bolton Street, 
London, W.1. 
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INHALED PARTICLES AND VAPOURS 


HE British Occupational Hygiene Society held 
an international symposium under this title at 
Oxford, during March 29—April 1, when 38 papers were 
read. Inhalation of foreign substances m the atmo- 
sphere has never before been discussed on such a scale, 
and the gathering of 250 scientists from 19 nations 
enjoyed & unique presentation of most of the basic 
and a few of the applied aspects of the subject. 
Six of the papers dealt with the deposition, trans- 
location and effects of radioactive particles. 

Papers on the mechanics of breathing included a 
study of maximal flow-rates, a consideration m designi- 
ing respiratory equipment, and a demonstration that 
turbulent flow could be detected at the exit of a 
segmental bronchus with high an-flow. During 
gentile breathing the larynx probably causes some 
turbulence which is passed down the trachea when 

; even st high rates turbulence is not fully 
developed and cross-stream mixing is far from 
complete. 

The mixing of tidal and alveolar air had been 
investigated with è half-micron aerosol as a tracer. 
The particles in this have practically no diffusion 
constant, and no rate of fall, so that they follow the 
mechanical movements of inspired air and reveal, by 
wash-in and wash-out analyses, the gas-phase 
exchange properties of the lung which cannot be 
demonstrated by even high molecular weight gases 
since they diffuse too quickly. This exchange is 
important in the deposition of aerosols in the lungs, 
which is further complicated by the desirability of 

alveolar from bronchial epithelial 
deposition since only the former contributes to the 
pneumoconioses. 

Previous approaches to the problem have been 
made by calculating the motion of particles in the 
airways; & formalized anatomy of the human lung 
for use in such calculations, and in expressing the 
fluid mechanics of gas-flow, was put forward at the 
meeting. 

The loss of particles during inhalation was shown 
to be affected by their increase in size by absorbing 
moisture, while passing through the respiratory tract, 
which also results in their being less likely to penetrate 
deeply. Tobacco smoke has a high retention, in 
view of its initial particle size, for this reason, and 
sodium chloride crystals increase about 350 times in 
volume. 

Sulphuric acid droplets behave similarly and are 
important in atmospheric pollution. The oxidation 
of sulphur dioxide, which dissolves rapidly in aqueous 
droplets, is promoted catalytically by trace con- 
taminants in the liquid phase, and may be a factor 
in the relationship of atmospheric sulphur to human 
respiratory distress. 

An increase in the response of guinea pigs to irritant 
gas, expressed as & rise in respiratory resistance 
measured with an intrapleural catheter, referred to 

tidal volume indicated by a body plethysmograph, 
was found to result when an inert aerosol of sodium 
chloride was inhaled slong with sulphur dioxide or 
formaldehyde. The particle size had to be around 
0 lu in diameter, 2:5u aerosol giving no potentiation. 


A physical explanation was advanced for this effect, 
based on the absorption of the gas by the particles 
so that the uptake on respiration was localized at 
discrete places on the bronchial surface instead of 
being diluted over a large area. This observation has 
not yet been confirmed in man. 

The absorption of vapours during inhalation is 
subject to three possible rate-determining factors 
which can be expressed as a simple mathematical 
model. They comprise the rate of lung ventilation, the 
diffusion capacity across the lung wall, that is the 
gas-liquid boundary, and the rate of flow of the 
pulmonary blood allowing for the air—water partition 
coefficient of the foreign gas. 

According to circumstances one or other of these 
factors predominates to control the build-up in tissue 
during exposure and the subsequent dramage, when 
the breathing of pure air is resumed. The three main 
storage depots recognized are viscera, connective 
tissue mcluding skin and muscle, and body fat, between 
which the flow of blood is apportioned in thesradios 
73:24:3. Allowing for tissue mass and fat—water 
partition it can be shown, in contrast to carbon 
monoxide, which is all held in the blood, that nitrogen 
is stored and that the equilibration-rate for fat is very 
slow so that a reservoir is formed and may result in 
the initiation of caisson disease. 

A soluble vapour was shown, in experiments on the’ 
uptake of inhaled sarin (tsopropylmethylphosphono- 
fluoridate) in animals and man, to be absorbed in the 
nose and in the mouth and throat at low rates of oral 
inhalation ; at high rates it penetrated to the lungs. 
Human nasal retention of particles was found to be 
practically complete at 9u diameter, falling to 10-20 
per cent at O-4u. The reason for this appreciable 
retention at the small size is obscure. Ammonia and 
iodine were entirely absorbed in the nose. 

The elimination of dust deposited in the acinus of 
the animal lung was the subject of several papers. 
Some dust is eliminated via the ciliated epithelium 
while the rest penetrates the interstitial tissue 
and may reach the lymphatics. The view was put 
forward that phagocytes originating from the alveolar 
wall are responsible for the carriage of dust from the 
acinus to the mucus escalator which ends at the base 
of the terminal bronchioles, each of which feeds an 
acinus, the latter constituting the basic respiratory 
units of the lung. Only free, not phagocyted particles 
could enter the interstitium, the route being by 
means of the transition region between the acinus 
and the terminal bronchiole; the pick-up by the 
mucus escalator from the respiratory bronchioles is 
regarded as being incompletely effective. 

Experiments were described showing that elimina- 
tion from the alveoli is a slow and continuous process. 
The proportion of deposited dust following the 
lymphatic route depended on the kind of dust, and 
repetition of exposure stimulated elimination and 
mobilized existing dust deposits. Experiments on 
exposures to red and black dusts, wrth a time-interval 
between, proved that dust was conveyed, probably 
by phagocytes, to collection sites around the air 
passages and that these foci were not statio structures, 
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but the particles continually shifted about, as could 
be explained by the repeated death of dust-laden 
phagocytes with release of their burden, which was 
then incorporated by new cells. 

After a single administration of dust, phagocyte 
counts in saline washed into and out of rat lungs 
demonstrated that the number of cells was related 
to the quantity of dust eliminated. The half-hfe of 
this phase of elimination by phagocytosis to the 
bronchial epithelium was about 17 hr. The propor- 
tion of dust olmunated in this way depended on 
the nature of the dust, but the time-constant did not ; 
it did not appear to matter whether the dust was given 
by inhalation or by mtratracheal injection. 

Another series of experiments confirmed the 
destructive action of silica dusts on macrophages and 
once again led to the suggestion that the damage 
inflicted on the cells is the first step in the chain of 
causation of silicosis. The effect is believed not to 
be cytotoxic, but to comprise an activation either of a 
serum complement absorbed on the outside of the cells 
or of an enzyme, possibly a non-specific esterase, 
within the cells. 

Examination of lung residues from 50 asbestosis 
cases was reported, with the conclusion that a fibro- 
genic egent was liberated when asbestos bodies break 
up. The deposition of an asbestos fibre ın lung tissue 
is follqwed by its becoming enclosed in a protein 
sheath which passes through a sequence of changes 
and finally segments, after 10-15 years, with fracture 
of the contamed fibre. The fragments of the sheath 
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are collected by interstitial macrophages and fibrosis 
is marked in regions where this occurs. The time 
sequence of clinical events and of lung content of 
fibres exceeding 26u in length supports the argument. 

Papers on dust-sampling included the description of 
an ingenious centrifugal device called the ‘conicycle’, 
which collects only particles between upper and lower 
limits of falling speed. It has been engineered as a 
practical sampling tool for coal mines and is being 
tried out underground. 

The relationship between the acceptance curve of a 
sampling instrument designed to control dust condi- 
tions relevant to the incidence of pneumoconiosis, 
and the actual deposition—particle-size curve of the 
human, respiratory tract was given more emphasis 
by tho engineers than our crude and incomplete - 
knowledge of the latter can possibly justify. 

Arguments in favour of selecting finer particles 
than the 60 per cent at 5u diameter and unit density, 
which at present forms the basis of British selective 
sampling practice, are therefore poorly based. The 
opposite view was also put forward, that all dust 
should be sampled, irrespective of particle size ; 
besides being physically umpossible this would encour- 
age the collection of large quantities of coarse dust 
which has no conceivable bearing on pneumoconiosis 
because, when inhaled, it would not penetrate beyond 
the bronchi, and larger bronchioles. 

The papers and discussions will be published by 
Pergamon Press in due course. i 

C. N. DAVIES 


CARDIOVASCULAR EFFECTS OF NICOTINE AND OF SMOKING 


URING March 23-25 a symposium on the 
Cardiovascular Effects of Nicotine and of 
Smoking was held by the New York Academy of 
Sciences. The papers presented covered more than the 
cardiovascular effects and included other interesting 
observations. For example, nicotine is found not 
only in the tobacco plant, but it also occurs widely 
in the plant kingdom. It is produced in the root 
system of the tobacco plant, and the growth of the 
roots is very closely related to the rate of nicotine 
production, from which R. F. Dawson (Columbia) 
and his colleagues conclude that the same reaction 
step limits both processes. Nicotine arises from the 
precursors nicotinie acid and ornithine. From the 
root 1t is transported primary to the leaves, where 
it accumulates during the active life of the plant. Ib 
18 believed to be a terminal product with no appreci- 
able physiological activity for the plant. uch & 
conclusion seems to an animal physiologist to be 
highly unlikely. 

Nicotine is absorbed not only by those who smoko 
but also by those who take snuff and those who chew 
tobacco. The figures given for the amount of nicotine 
absorbed when smoking one cigarette vary according 
to the degree to which smoke is inhaled. They range 
from estimates as low as 0:3 mgm. to others as high 
as 1-8 mgm. Since the intravenous injection cf 
0:7 mgm. nicotine (base) produces unpleasant symp- 
toms, the higher figures must be regarded with doubt. 

Nicotine taken in the form of snuff has been 
estimated to amount to 20-60 mgm. a day, and that 
absorbed as a result of chewing has been estimated 


as 10-90 mgm. a day (Larsen, Richmond, Virginia). 
It is obvious that the taking of snuff and the chewing 
of tobacco offer much less risk of producing cancer 
of the lung. 

The metabolism of nicotine is not yet fully known, 
and further work is badly needed. Nicotine is found 
in the urine excreted unchanged, together with 
related substances (McKennis, Richmond, Virginia). 
Oxidation of the pyrrolidme ring appears to be a 
major step. The lactam (—)-cotinine which arises 
from the metabolism of (—)-nicotine is oxidized, and 
in the dog there is hydroxylation and methylation. 
It seems possible that the metabolism of nicotine 
changes with advancing years, some processes 
declining in rate or ceasing altogether. If the 
toleration of nicotine depends on a high rate of 
breakdown, the observation that some older people 
stop smoking who smoked much when young may 
depend on such a decline. 

Nicotine has been known to cause poisoning in 
those usmg it as an insecticide. Travell (Cornell) has 
shown. that its absorption through the skin is greatly 
affected by the pH of tho solution. At a pH of 6-0 
or less it is very little absorbed, but at an alkaline 
pH it is readily absorbed. This holds true for the 
membrane of the stomach and of the bladder. — 
Nicotine excreted in the urine may be absorbed from . 
the bladder into the blood if the urine is alkaline, 
and may produce toxic effects. The speed of absorp- 
tion depends on the concentration of free base. On 
the cardiovascular nicotine has long been 
believed to owe its action to stimulation of the 
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autonomic ganglia. Langley applied nicotine to 
ganglia in order to determine the effect of stumulating 
the cells present in the ganghe. Recently, attention 
has been directed to various peripheral effects of 
nicotine at sites where ganglia are not present. Thus, 
nicotine has a two-fold effect in the isolated heart. 
It causes first inhibition of contractions, and second 
acceleration and augmentation. The inhibition is 
excluded in the presence of atropine, but the accelera- 
tion is unaffected. In the heart there is a store of 
noradrenaline which can be extracted from the heart. 
Hitherto the existence of this store has been neglected 
by physiologists. It is now evident that the accelera- 
tion of the heart caused by nicotine is due to the 
release of some of the noradrenaline from the store. 
This follows from the observation, that when there 18 
no store of noradrenaline, nicotine loses its acceler- 
ating action (Burn and Rand, Oxford). Treatment 
of the animal with reserpine causes a disappearance 
of the store at the end of a few hours. The rise in 
heart-rate which follows smoking is thus probably 
explained by an action of nicotine on the heart 
itself releasing noradrenaline from storage sites mn 
the heart. 

In 1940 it was shown by Grace Roth and her 
colleagues that when a person smoked a cigarette in 
& warm room there was & large fall in skin tempera- 
ture. ‘This fall was believed to result from a con- 
striction of the skin vessels caused by a stream of 
impulses passing down the vasoconstrictor nerves. 
However,, observations have recently been made in 
the isolated ear of the rabbit, which contains no 
ganglia. These have shown that when the vessels of 
the ear are perfused with a modified Ringer’s solution, 
the outflow being measured with a sensitive recorder, 
the injection of 3 pgm. of nicotine into the fluid about 
to enter the ear causes vasoconstriction. The out- 
flow from the ear veins is greatly reduced. This 
action also appears to be due to the release of nor- 
adrenaline from a store present in the ear, either in 
the walls of the vessels or in tissue nearby. For if a 
rabbit is injected with reserpine on one day, and 
then killed on the following day, the noradrenaline 
which can be extracted from the skin of the ear has 
disappeared, and when the ear is perfused with 
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Ringer’s solution, nicotine no longer causes vagocon- 
striction. When the skin of such an ear is extracted, no 
noradrenaline is found present ın it. Some individuals 
suffer from a disease called thrombo-angiitis obliterans 
which when active causes such a restriction of the 
circulation through the fingers that the tissues become 
dry and bloodless, and the finger tips may become 
gangrenous. The disease may be quiescent for long 
periods; but if the patient begins to smoke, the 
symptoms get worse and the disease becomes active. 
It seems likely that the effect of smoking is explained 
by nicotine releasing noradrenaline from the neigh- 
bourhood of the small vessels. 

The exact site of storage of noradrenaline m the 
heart and in or near the vessels is unknown. There 
is a possibility that it is held in tissue known as 
chromaffin tissue. These are cella which stain brown 
with potassium dichromate; they form the greater 
part of the cells of the adrenal medulla. Such cells 
have long been known to occur among the fibres of 
the sympathetic system, and side by side with the 
sympathetic ganglion cells. They origimate in the 
neural crest like the sympathomimetic ganglion cells 
and were called by Kohn “ lia’? in 1903. 
Evidence 1s beginning to accumulate that the dis- 
teibution, of chromaffin, cells is much wider. Busacchi 
in 1912 described a “‘paraganglion cardiacum”’ lying 
around the origins of the coronary arteries. gidgms- 
Ray and Nordenstam (1956) have described such 
cells in human skin, and Leach believes that they 
may be present in the skin of the rabbit ear, in the 
skin of the cat’s tail and in the nictitating membrane 
of the cat’s eye. In all these situations nicotine exerts 
an action on the normal tissue. Thus, as already 
mentioned, nicotine causes constriction of the vessels 
of the rabbit ear; it also causes erection of the hair 
on the cat’s tail, and finally it causes contraction of 
the nictitating membrane when isolated from the 
body and free from ganglis. Yet if an animal is 
previously treated with reserpine, and if in con- 
sequence all local stores of noradrenaline disappear, 
nicotine loses these actions, and all the chromaffin 
cells are lost. It may therefore be that nicotine 
exerts its peripheral effects by discharging noradren- 
aline from chromaffin cells. J. H. Burn 


THE NEW ZEALAND ANTARCTIC EXPEDITION 


N the thirty-third Thomas Cawthron Memorial 
Lecture, Sir Edmund Hillary described some of 
the experience gained by members of the New 
Zealand Antarctic Expedition (Cawthron Institute, 
Nelson, New Zealand. Thomas Cawthron Memorial 
Lecture No. 33 (1958): The New Zealand Antarctic 
Expedition. By Sir Edmund Hillary. Pp. 12+4 
plates. Nelson: Cawthron Institute, 1959). Al- 
though, for economy, the expedition made use 
of Ferguson tractors, Sir Edmund records that, 
with three ‘Snocats’, the journey could have been done 
‘“‘with twice the comfort and in almost half the time”. 
Comparison of the buildmgs which have been 
traditionally used on British expeditions and the 
newer module type of construction shows the advan- 
tages to rest almost entirely with the latter. 
The experience gained with the dog teams should 
be of value to other expeditions. At the base, the dogs 


lived primarily on seal meat supplemented by 
vitamin pills, although this was varied at times with 
tinned dog food. In the field lightness was of primary 
importance and here pemmican was used. There 
were two forms of pemmican. One was the standard 
‘Bovril’ pemmican which has been used a great deal 
in the Antarctic and the Arctic. Long and strenuous 
trips have been made on this pemmican, but the 
literature on the subject is filled with criticiams of it 
and descriptions of the deterioration in dog health 
when it is used. The Expedition’s experience with 
‘Bovril’ pemmican was much the same—loss of 
condition and continual scouring. “It was very 
fortunate that we also had generous supplies of the 
second type of pemmican, which was based on a 
formula developed by Dr. Malcolm of the Otago 
Medical School for the Byrd Expedition”. This 
pemmican proved to be an outstanding success and 
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played an important part in the achievements of the to reach a pitch of proficiency. Although the men did 


dog teams. The formula is : 


Meat meal 42 per cent 
Tallow 40 res 
Whole wheat meal 10 SC, 
Wheat germ : ;: 
Cod liver oil tC 


Sir Edmund Hillary indicates that dogs can still 
do a useful task in the Antarctic. The expedition 
made it clear that dogs cannot compete with vehicles 
when travelling long distances or hauling profitable 
payloads. While the average man can quickly adapt 
himself to driving # tractor in snow, a dog driver and 
his team need long and constant training and practice 


extremely well, at no stage could they have reached 
the standard of skill shown by the professional drivers 
in & party such as Amundsen’s. 

But a dog team is a mobile form of transport and 
can give useful support to a survey or geological 
party in rough or crevassed country. If the dog teams 
are airlifted to the area to be explored, and if they are 
kept supplied by air so that they can travel with 
reduced loads and so move briskly about, they are 
probably still the best form of transport for a close 
examimation of the many great mountain ranges and 
glaciers which fringe the barren wastes of the polar 
plateau. 


RADIOCASSIUM AND POTASSIUM-40 IN NORWEGIAN-PRODUCED 
MILK 


By K. MADSHUS and J. BAARLI 


Norsk Hydro’s Institute for Cancer Research, Oslo, Norway 


on radioactive isotopes cæsium-137 and stron- 

-90 represent a major part of the radiation 

to man caused by nuclear explosions, by 

a of ther long half-lives (28 and 27 years, 

respectively). The rate of fall-out depends to a 

large extent on the geographical locality, and on the 

weather conditions at the relevant places of interest}.*. 

There is evidence that the northern hemisphere and 

places with high rate of precipitation? receive the 

highest fall-out. These conditions obviously hold for 
Norway. 

The degree of hazard which the ionizing radiation 
represents to man can, in principle, be estimated 
in two ways. One method 1s to determine the amounts 
of the isotopes in foodstuffs, taking into account the 
discriminating factors involved during passage of 
the food through the human body. The other 
method is the direct measurement of radiation from 
the human body. Milk appears to be one of the main 
constituents of the human diet carrying the radio- 
active material from the ground into the human 
body. 

The present work was undertaken to obtain as 
reliable information, as possible about the concentra- 
tion of cssium-137 in Norwegian-produced milk. 
This isotope is most important in view of the genetic 
effects of its y-radiation (Ey = 660 keV.), compared 
with the more localized damage caused by the 
8-radiation from strontium-80 (Wg = 0-61 MeV.). 

It seems an established fact‘ that the fall-out 
ratio strontium-90/cesium-137 from atom-bomb 
debris is nearly constant. This is not only the case 
for soil and ram-water; milk samples collected 

the same districts also show the same ten- 
dency*. As the experimental determination of 
cesium-137 is a rapid process compared with the 
more laborious determination of strontium-90, the 
content of cx#sium-137 can serve as a quick monitor 
of the rate of strontium-90 fall-out. 

The equipment used for studies of low-level y-radia- 
tion has been described elsewhere®. It is composed 
of a heavily shielded scintillation detector, consisting 
of a sodium iodide (thallium) crystal 2} in. diameter x 
8 in. and a Du Mont 6363 phototube in connexion 
with an R.C.L. 266-channel pulse-height analyser. 


A cross-section, of the equipment is shown in Fig. 1. 
The background radiation in the measuring space of 
this equipment is found to be 212 + 1-0 counts/min. 
in the energy-range 80-1,700 keV. The background, 
in the two pulse-height regions of special interest to 
the present study, is 14:1 4+ 0-1 counts/min. in the 
cxesium-137 photopeak range, and 5:3 + 0:1 counts/ 
min. in the potassium-40 peak. The position of the 
photopeak in the pulse-height spectrum is stable 
over & long period, being 0:75 per cent after the 
initial warm-up. The equipment has been 
calibrated using dried milk with a known con- 
centration of cæsium-137 and potassium-40. The 
samples were canned in metallic containers, each 
holding 250 gm. of dried milk. We are much indebted 
to Dr. D. Y. Booker, of the Atomic Energy Research 
Establishment, Harwell, for supplying us with 
several of his measured samples used here for calibra- 
tion purposes. 

Two kinds of standards were used, one containing 
full-cream dried milk, and the other skimmed dried 
milk. The calibration samples contained 670 pc./ 
kgm. and 485 pc./kgm. of exsium-137 (1 pe. = 10-1? 
curie) with a potassium content of 14:9 and 17-6 
gm./kgm. for the skimmed milk, and 445 pe. cæsium- 
137/kgm, and 11-2 gm./kgm. for the full-cream dried 
milk. 

Dried skimmed milk and full-croam dried milk were 
obtained from a dairy receiving milk from districts 
in the Tröndelag and Hedmark counties. The former 
county lies in central Norway, near the coast. It is 
one of the greatest farming districts in the country. 
Hedmark lies in south-east Norway, about 300 miles 
from the west coast. 

The individual samples were taken from batches of 
about 22,000 1. Each sample contained 250 gm. 
of dried milk, the same as the standard sources used 
for calibration. The canning was also identical. 
Measurements of samples were carried out over 
periods of 4 hr. or more. Background and calibration 
runs were made from time to time. No significant 
variations im the number of counts stored in the 
cesium-137 and potassium-40 photopeaks, exceeding 
the statistical errors, were observed. No radioactivity 
which could be attributed to radio-elements other 
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than cesium-137 and potassium-40 was observed 
in, the dry milk measured. In this connexion, it must 
be mentioned that the measurements of the samples 
from 1958 were all made early m 1959. The other 
samples were usually measured one month after 
the date of manufacture. 

The results were analysed by counting the observed 
pulses in the photopeak only, and subtracting the 
background, correcting for drift of the photopeak 
region exceeding 0-5 per cent. Because of the 
scattering of the 1-46 MeV. y-radiation from potas- 
sium-40 and secondarily produced radiation (brems- 
strahlung) caused by the 6-particles from potassium- 


Scintillation detector and shfelding used 
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40 (Eg = 1-4 MeV.), it was necessary to apply a 
correction term to the number stored m the cæsium- 
137 photopeak. This fraction was determined experi- 
mentally by observing the extra counts in the 
ceesium-137-region as a result of an added known 
amount of potassium-40 mixed into the samples. 

With the crystal size and geometry used in the 
present arrangement, the correction factor has been 
found to be 22 per cent of the net counts in the 
potassium-40 photopeak. This value is in close 
agreement with theoretical calculations based on the 
resolution obtained for cæsium-137 and potassium-40 
(11-0 per cent and 7-0 per cent respectively). 

Because of the nature of the radiation process, 
each measurement carries a statistical error, consist- 
ing of the error in the background and sample 
determination. The results of the measurements are 
shown in Table 1, together with the experimental 
errors. 

Teble 1 shows that the potassium content in the 
samples amounts to 14—17 gm./kgm. for skimmed dry 
milk, and 10-12 gm./kgm. for full-cream dried milk. 
These values are in good agreement with results 
obtained elsewhere*,?.8, 

The cesium-137 content during the period January 
1958-August 1959 shows the same tendency for 
both the skimmed and full-cream dried milk from 
both areas. During the spring of 1958, tkerg is 
æ slow increase in the cesium-137 content up to 
June, where an increase of nearly a factor of 2 is 
recorded. The reason for this sudden jump 1s 
primarily in the feeding of the cows with fresh grass. 
In the autumn, from October 1958, there is a general 
tendency towards decrease until January 1959, 
when a value of 310 pc. cesium-137/kgem. is found 
in full-cream dried milk from Hedmark, and 650 
pe. cesium-137/kgm. in skimmed milk from Tronde- 
lag. These values are considerably higher than those 
reported for January 1958. A decrease is further 
noticed during the spring of 1959, lasting until April. 
In May the content of cæsium-137 reaches a value of 
1,005 pe.fkgm. for skimmed milk from Trondelag. 
This increase continues, and a value of 1916 pec./kgm. 
is reached in August 1959. This is the highest level 
found by us m dried milk. 

It is of interest to compare the values of the 
cæmum-137 content in milk, both with the measured 


C ABSIUH-187 CX MILK 


(po.) Oseaiam-187/ 
potassium (gm ) 






whole miik 
10-2 »” +? 
155 s n 
15-2 o sÈ 
21 8 1 » 
49 5 He ys 
47-9 ” o 
89-8 aa ” 
17-1 (E) ye 


D: as 


12 


ae oF 
ae dy 
74 LEJ 


slammed milk 


LEJ 4 
jt $? 
2? ++ 
++ r+ 
+3 sf 
oF ve 
I+ ts 
as ae 
as oF 
+? LE 


[sae Kenn Kian d sns Einn E sau K aos Eons Baro Evo E uve E om BE amo E ean Kiano Kiano K amo K wan Kun Binas K aa E oani Kinon Kone Kean B BE 


He He H-H- He He He He HEH He He He H- He HE HE HEH He H+ HH H- H- 
tiaaconpcecocerbcatohoes DODO MOP PAO PO beh to 


elm ant adard ad oooh pond pond poah poned paad olen eet. 
POTION OBA BR HOH OOM OR i bd 
D ao a h oO p mm OOM OR T O Oo o a O o O r co d 


ENENSSRAEBES BEBE 
OIA howe DOON 


= 


No 4724 





& 

p 

z 

© 

3 

g] 

a 

fi 

Date 

Fig. 2. Total fall-out/month miin, rainfall/mo hy eg pd 
content kom. m as & function 6 of 9 ( 
delag). @, total fall-out/month ( 


Ymonth (mn); poe eo Rikon O-=*0, 


values, of the total fall-out® and the local rainfall. 
During the summer of 1957, the total fall-out in 
Tréndelag (Værnes) remained quite constant at 
30-35 me./km.’, increasing to 84 me./km.* in October. 
These values must be taken into consideration in 
predicting the content of cssium-137 in the milk 
during the winter and spring of 1958, when the cows 
were fed on hay collected in the summer and autumn 
of 1967. 

The value of the total fall-out is higher in the 
spring and summer of 1958 than in the preceeding 
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year, ranging up to 119 mo./km.* in April. Fig. 2 
shows the total fall-out, the cæsium-137 content in 
dry milk and the rainfall as a function of time. 
The seasonal variations in the cxesium-137 content 
in mulk are easily seen from the curves. There is a 
remarkable increase during spring and summer, 
and a decrease in the late autumn and winter. 
There seems to be a slight tendency toward a correla- 
tion between the total fall-out and the measured 
concentration of csesium-137, the latter lagging by 
4-6 months. This correlation is, however, very 
doubtful, due to the large amount of short-lived 
fission products in the fall-out. 

It is obvious from Table 1 and the curves that the 
content of cesium-137 in milk hag increased con- 
siderably during the past year and a half. It is of 
special interest to continue these measurements at 
the present time, when no test explosions have taken 
place for about a year, in order to establish the 
maximum level for cesium-137 in milk and the time 
required to reach this point. 

We are indebted to the Norske Molkefabrikker for 
the regular supply of milk samples, to the Norwegian 
Defence Research Establishment for interest and 
finally to the Norwegian Cancer Society for financial 


support. 
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ALKALINE CONVERSION OF 4-HYDROXYPHENYLPYRUVIC 
ACID TO 4-HYDROXYBENZALDEHYDE 


By Dr. C. H. DOY* 
Chemical Microbiology Unit, Department of Bacteriology, University of Melbourne 


URING recent investigations of the biosynthesis 
of aromatic compounds by HWscherichia coli and 
Aerobacter aerogenes (to be published) a compound, 
compound O, was detected in experimental samples 
by the appearance of an absorption maximum at 
325-330 mp, pH > 12. Compound O was later 
recognized as 4-hydroxybenzaldehyde, which absorbs 
as shown in Fig. 1. It was realized that this com- 
pound was largely an artefact resulting from the 
action of alkali on another compound, compound D. 
Compound D was then found to be identical with 
4-hydroxyphenylpyruvic acid. It is the aim of this 
communication to brmg to notice the alkaline 
conversion of 4-hydroxyphenylpyruvic acid to 
4-hydroxybenzaldehyde. 
A sample of 4-acetoxy-«-acetamido-cmnamic acid 
was prepared by the method of Saul and Trikojus! 
and recrystallized from ethanol (m.p. 228° C., 


* Present address: Department o asad and Immunology, 
Harvard Medical Steal Bohol Boston, Mass., U.S.A, 


‘hyde. 


C,,H,,NO, requires: C, 89-3; H, 5:0; N, 5-3; 
O, 30-4 per cent; found: O, 69-3; H, 5:2; N, 6-5; 
O, 80-4 per cent). This was hydrolysed as required 
to 4-hydroxyphenylpyruvie acid using Dowex cation 
exchange resin 50 — x 8 (hydrogen form) as 
described by Acerbo, Schubert and Nord?. The 
product, m.p. 215-217° O., gave better crystals when 
recrystallized from 0:1 M hydrochloric acid although 
the m.p. fell to 212-216°, perhaps because of the 
presence of tautomeric forms. Paper chromatography 
indicated the presence of a little 4-hydroxybenzalde- 
This impurity was consistent with the analy- 
for the recrystallized 4-hydroxyphenyl- 
pyruvic acid (C,H,O, requires: C, 60-0; H, 4:45; 
O, 35-5 per cent; found: C, 60-18; H, 4-69; 
O, 35-0 per cent). The spectrum of a 10- M solution 
in 0-1 M phosphate buffer, pH 7-7 (Fig. 2) olosely 
approximated to the spectrum of the keto form of 
4-hydroxyphenylpyruvie acid in aqueous solution 
given by Knox and Pitt®, Eg76 ma = 2:1 x 10° was 
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Fig. 2 Ultra-violet absorption of 10° M 4-h yaroxyphenyi. 
pyruvic acid in 0'1 Af phosphate buffer, p 
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similar to the value 2-27 x 10%, calculated from 
Fig. 2 of these authors. With the exception of. the 
case cited below, further purification by ‘paper 
chromatography did not affect the changes’ to be 
described. Ultra-violet absorption measurements 
were recorded manually from short to long wave- 
length using a Unicam SP 500 spectrophotometer 
and l-cm. silica cells. Because of the rapidity of 
some of the changes it would be preferable to use an 
automatic recording instrument if this work wag 
extended. 

Fig. 3 shows the irreversible spectral change which 
occurred when the pH was raised to >12. This 
change was almost instantaneous even at room 
temperature (20-25°). Subsequent variation of the 
pH produced changes of adsorption characteristic of 
4-hydroxybenzaldehyde (cf. Fig. 1) with definite 
isobestic points at 300 mu and 250-255 muy. 
The absorption maximum at 330 mu was attributed 
to the phenate 10n and that at 280-285 my to the 
undissociated phenol. The pK value for this ioniza- 
tion was calculated from the absorption data as 


1-4 
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E 
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$y 
0'4 pH 
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. 8. The conversion of ey dtr hens REA oF acid to 
OG x 10-22 dsnydroryphensipyravie acid t aid tn 0 IMT hosphato 
x - pyruvic a osp 
bufer pH ce 7. ra pH was adjusted to > Kiti 
aou ants ed immediately; pH was A Pulte adjusted to 
<2 and then 7:7 (af original curve at pH 7-7). Bmax. 240 mu 
tends to be lost on storage as found with 4-hydroxybenzaldehyde 
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7:68 + 0:08 which was in agreement with the value 
7-88 calculated from the literature‘. 

The following mechanism is tentatively proposed 
for the alkaline conversion of 4-hydroxyphenyl- 
pyruvic acid to 4-hydroxybenzaldehyde. 


R — CH, — C — COOH ———> R — CH = C — COOH 
| 
O H 
H,0 
~~ m CH — CH — COOH 


bx bn 





OH 
H,0 i 
+R — CH + HO — CH, — COOH 
OH 
N -H0 H 
x ra 
R-C 
IN 


Support for an mtermediate chromophorically 
similar to tyrosine was obtained following paper 
chromatography of 4-hydroxyphenylpyruvic acid in 
water/ethylmethylketone/diethylamine (77 : 921: 2} 
ang ebution with phosphate buffer, pH 7:7. This 
treatment for some unknown reason slowed down, the 
effect of subsequent alkali, and thus allowed the 
detection of transient maxime at 240 mu and 290- 
295 my similar to the absorption of tyrosine at 
pH > 12 (Fig. 4). 

It seemed possible that the alkali-induced replace- 
ment of a pyruvic acid side-chain by an aldehyde 
group was a more general reaction. Phoenylpyruvic 
acid eluted from paper chromatograms and treated 
with alkali (pH > 12), first developed an absorption 
maximum st 320 mu, which then declined in intensity 
to an insignificant level. Subsequent adjustment to 
pH < 2 did not result in the changes characteristic 
of phenylpyruvic acid. In general, the spectral 
changes seemed consistent with a slow conversion to 
benzaldehyde, but this was not investigated further. 
Kaper and Veldstra® reported that chromatography 
of indolepyruvic acid m alkaline solvents gave 
indolealdehyde as one product of breakdown. It 
would therefore appear that in the general handling 
and chromatography of pyruvic acid derivatives of 


these types, it is as well to avoid high pH particularly - 


since the conversion of 4-hydroxyphenylpyruvic acid to 
4-hydroxybenzaldehyde was apparent even at »H10-0. 

In lignin chemistry oxidation with nitrobenzene in 
alkali was introduced’ as a degradative procedure by 
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Fig. 4. The absorption at a transient stage in the alkaline con- 
version of 4-hydroxyphenylpyruvic and to 4-hydroxybenzalde- 
hyde compared with the spectrum of pL-tyrosine, pH > 12 
(gee text). —, Approx. 10~ Af DI-tyrosine i 


which various aromatic aldehydes were liberated, 
presumably from the lignin. The origin of one of 
these aldehydes, 4-hydroxybenzaldehyde, gave some 
concern, and it has been shown.’ that protein tyrosine 
may account for most of this compound released by 
the nitrobenzene oxidation of buckwheat. Since 
4-hydroxyphenylpyruvic acid is considered to be a 
lignin precursor in grasses’, the release of 4-hydroxy- 
benzaldehyde from the former using alkali alone may 
be of particular interest. 

This work was supported by a grant from the 
Australian National Health and Medical Research 
Council. The analyses were carried out by the 
Australian Microanalytical Service, Commonwealth 
Scientific and Industrial Research Organization, 
Melbourne. 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCY IN 
RED BLOOD CELLS OF EAST AFRICANS 


By Dr. A. C. ALLISON 
National Institute for Medical Research, Mill Hill, London, N.W.7 


ANY investigations, reviewed by Beutler’, have 
shown that about 11 per cent of American 
Negro males have an intrinsic red blood cell abnor- 
mality. A striking feature of the abnormality—and 
perhaps the primary genetically controlled defect 
—is low activity of the enzyme glucose-6-phosphate 


dehydrogenase, which is responsible for the first 
and rate-controlling step in the hexose monophosphate 
shunt metabolic pathway in red cells*. The defect 
appears to be inherited as a sex-linked character 
with full expression in hemizygous males and homozy- 
gous females and partial expression in heterozygous 
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Table 1 

Enzyme Hemizygote = 

Tribe deficiency gene frequency 
ama 10 16-8 
Bondel 24 27.8 
Sambaa Tanga district 5 20°7 
Digo Tanga district 6 28 °1 
Z Tanga district 4 28-1 
Kikuyu Nairobi and Nalvasha district 2 2-9 
Masai Sa heey 0 17 
Luo Nalrobi and Kisumu distiict 4 28 0 
Ganda Kampala 5 15 0 

females’. Persons with the defect are hable to recently, endemic. Thus the local distribution of 


develop severe hæmolysis on exposure to thera- 
peutic doses of the antimalarial 8-aminoquinolines 
(primaquine, pamaquine, etc.) and certain other 
drugs, and also on ingestion of broad beans (Vicia 
aba). 

ú The trait is known to be common in many Mediter- 
ranean populations, including Sephardic Jews, and 
also m many South-East Asian populations?.‘. 
The only published indications of its presence among 
continental Africans are isolated reports of hæmolysis 
induced by pamaquine in & South African, a Nyasa- 
land and an East African Bantu’.*. The development 
of a relatively simple screening test for red cell 
glucose-6-phosphate dehydrogenase deficiency‘ has 
made more extensive surveys of the distribution of the 
trait possible. This report embodies the results of 
tests on 964 East Africans belonging to 9 different 
tribes. The test was used as described‘ except that 
all volumes were reduced to one-half and incubations 
were carried out in i-em. diameter tubes. 

The results of the tests are shown in Table 1. 
Hemolysates from Western European subjects 
incubated in the presence of substrate and coenzyme 
decolorize brilliant cresyl blue in less than 120 min. 
Hemolysates from male Afmcans show a clear 
bimodal distribution of decoloration times, with the 
antimode at about 120 min. Spectrophotometric 
analysis of glucose-6-phosphate dehydrogenase 
activity’ in some of the subjects showing decoloration 
times of longer than 120 min. confirmed that they had 
significantly lower enzyme activities than normal 
subjects, and they were therefore classified as hemi- 
zygous for the enzyme-deficiency trait. Female 
Africans show a much legs clear distinction between 
normal and abnormal groups, but those with decolor- 
ation times greater than 120 min. were assumed to be 
heterozygous or homozygous for the enzymo-defi- 
ciency trait. Limited family data were consistent with 
this assumption. The frequency of the abnormal gene, 
q, equals the frequency of hemizygotes in the male 
population. The e frequency of heterozy- 
gotes and homozygotes in the female population 
ig 2¢(1 — q) + qg*, and the proportion of females 
showing detectable enzyme deficiency was 41 per cent 
of that expected, other heterozygotes presumably 
as within the normal range of variability in the 


The results summarized in Table 1 show that the 
trait is common in East Africans. However, the 
distribution is far from uniform. Hugh frequencies 
of the trait (15-28 per cent) are found among tribes 
living near the coast and around Lake Victoria, and 
low frequencies (1-7—2-9 per cent) in the intermediate 
highland country. The distribution of the trait 
approximately parallels that of the sickle-cell trait 
in the same region®. All other populations known 
to have high frequencies of the enzyme-deficiency 
trait‘ live in regions where malaria is, or was until 


the trait in East Africa and the overall distribution 
are consistent with the interpretation that subjects 
with deficient glucose-6-phosphate-dehydrogenase 
activities in red celle are at a selective advantage in 
malarious environments. There are, in fact, metabolic 
reasons why malaria parasites might not multiply 
as well in enzyme-deficient cells as in normal red 
cells‘. Recently, evidence has been obtained’ that 
young malaria-susceptible East African children of 
both sexes from a region where P. falciparum is 
holoendemic show lower parasite-counts when enzyme 
deficient than when red cell enzyme activities are 
normal. 

These results suggest that the trait may be main- 
tained as a sex-linked polymorphism by a balence of 
selective forces. The hemizygote, and to some extent 
also the abnormal homozygote and heterozygote, are 
favoured through protection against malaria, and 
possibly in other ways. On the other hand, the 
hemizygote, and perhaps also the abnormal homo- 
zygote and in exceptional circumstances the hetero- 
zygote, may be at a disadvantage owing to their 
susceptibility to hemolysis. The broad bean is 
not normally eaten by East Africans, and why 
persons with enzyme deficiency are at a disadvantage 
there is unknown. If there were no disadvantage, the 
gene might be expected to have become more com- 
mon, mstead of remaining at the same order of 
frequency among tribes supposed to have different 
ethnic origins (for example, the Nilo-Hamitic Luo 
and the Eastern Bantu Bondei). There is di - 
ment among theoretical geneticiste whether a stable 
polymorphism at 8 sex-linked locus can be main- 
tained by advantage of the hemizygote alone or 
whether the heterozygote must be favoured!*. The 
finding that enzyme-deficient female as well as male 
children have lower malaria parasite counts than 
children with normal red cell enzymes means that 
both processes could apply in this particular case. 

This investigation was supported by a grant from 
the Colonial Development and Welfare Fund received 
at the instance of the Colonial Medical Research 
Committee. I am mdebted for hospitality and help 
to many East African workers, in particulars Drs. 
D. B. Wilson and D. F. Clyde, Amani; H. Foy, 
Nairobi and 8. Buck, Kampala. 
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A NEW COPPER PROTEIN FROM CHLORELLA ELLIPSOIDEA 


By Dr. SAKAE KATOH 
Department of Blophysics and Blochemistry, Faculty of Sclence, University of Tokyo 


HE significance of copper in the metabolism of 

Chlorella was first described in 1939 by Green, 
McCarthy and King!, who investigated the inhibitory 
effect of copper- -chelating agents on respiration and 
photosynthesis in CAlorella pyrenoidosa. Their find- 
ings, that carbon dioxide upteke by Chlorella was 
markedly inhibited in the presence of copper-specific 
inhibitors in concentrations which were apparently 
without effect on the respiratory activity of the 
organism, and readily reversed on the removal of the 
poison by dialysing the cell suspension against water, 
indicated the participation of copper in the photo- 
synthesis of Chlorella. However, there has been no 
positive effort to elucidate the function and properties 
of the copper compound ın question. In a series of 
studies carried out in this laboratory to investigate 
the oxidation-reduction system in algae, a copper 
protein complex possessing the capacity to undergo 
a YovSrsible oxidation-reduction reaction was isolated 
from ellipsoidea. A similar substance was 
also found in the chloroplasts of higher plants. 
This article will briefly describe the isolation and 
purification as well as several properties of the copper 
protein obtained from Chlorella ellipsoidea. 

The copper protein was readily extracted by dis- 
rupting the algal cells for 80 min. in a sonic oscillator 
(20 ke./s.) with the addition of about a half weight of 
alumina, or by soaking the lyophilized cells or acetone 
powder of Ohlorella in a sufficient amount of dilute 
phosphate buffer of neutral pH. The typical pro- 
cedure for extraction and purification of the substance 
18 as follows: 1 kgm. of lyophilysed cells of Chlorella 
ellipsoidea was suspended in 8:01. of 0:01 M phosphate 
buffer (pH 7-0), and left at 10° O. for 16 hr. with 
several ings. The algal cella were removed by 
centrifugation at 3,000g for 20 min., and 300 gm. 
of ammonium sulphate was added with stirring to 
1-01. of the supernatant. The precipitate formed was 
removed by centrifugation at 3,000g for 30 min. and 
the supernatant was saturated with ammonium 
sulphate and left at room temperature for 1 hr. 
The precipitate formed was collected by centrifuga- 
tion, dissolved in a small amount of water and dialysed 
for 24 hr. against 0:02 M phosphate buffer, pH 7-0. 
Further purification of the substance was carried 
out by column chromatography, using diethylamino- 
ethyl-cellulose as adsorbent. The substance dialysed 
was charged on a column (3 cm. in diameter and 10 cm. 
in height) packed with the adsorbent buffered with 
0:02 M phosphate buffer, pH 7:0. The charged 
column was thoroughly washed with a sufficient 
amount of 0:05 M phosphate buffer pH 7-0, and the 
substance was eluted with 0-2 M phosphate buffer, 
pH 7-0. 

The eluate thus obtained showed a bright yellow 
colour and, on addition of ferricyanide, its colour 
changed to green, indicating the oxidation of the 
copper protein which had been in the reduced form. 
The values for the degree of purity of the eluate as 
the ratio of extinction at 278 mu (maximum of protein 
peak) to that at 597 mp (maximum of peak in visible 


region, see below), was found to be 4:8. The oxidized 
substance, if not so highly purified, was generally 
found to undergo a gradual auto-reduction without 
any addition of reducing agents, and even after 
thorough dialysis against water. The substance was 
therefore subjected to subsequent chromatography 
m the reduced form to prevent the broadening of the 
elution pattern. The copper protem, dialysed and 
reduced with ascorbic acid, was again charged on a 
column of diethylaminoethyl-cellulose equilibrated 
with 0-02 M phosphate buffer, pH 7-0 (2 x 20 om.). 
The column was washed with 0:05 M and 0-1 M of 
phosphate buffer (pH. 7-0) and the substance was then 
eluted with 0:2 M of phosphate buffer, pH 7-0. This 
procedure was repeated until no yellow colour was 
observed in the eluate. The water-clear solution 
thus obtamed bad e purity index (see above) of 2-6 
and showed the deep-blue colour of oxidized copper 
protein on the addrtion of ferricyanide. It was found 
that the oxidized substance, in this stage of purifica- 
tion, was no longer auto-reducible. The last manipula- 
tion of column chromatography was therefore 
carried out with the oxidized substance. In this 
cage, the charged column was washed with 0:03 M 
phosphate buffer, pH 7-0, and the substance was 
eluted with 0-1 M of phosphate buffer, pH 7-0. The 
value finally obtained for the purity index was 
1-63. 

Fig. 1 shows the absorption spectra of the oxidized 


and reduced form of the substance. In the oxidized. 


form, a sharp absorption peak due to the protein has 
a maximum at 278 mp and a slight shoulder at 284 mu. 
In the visible region, there is a broad absorption 
peak ranging from 500 mu to 700 mu and possessing 
a maximum at 597 mu, In the reduced form, no 
absorption was observed in this region. The blue 
colour of the oxidized substance was found to disap- 
pear on addition of sodium diethyl-dithiocarbamate 
or on dialysing against salicylaldoxime or cyanide 
solution ; this reappeared, although not completely, 
on dialysis for 24 hr. against a copper sulphate 
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Fig. 1 Absorption emoa of noni proten from Chlorella 
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solution of 10-3 M. A spectrophotometric expermment 
revealed that the blue colour which reappeared was 
due to an absorption peak identical with that of the 
untreated preparation. It is inferred from these 
findmgs that the characteristic peak in the visible 
region 1s due to copper in the form of a complex 
with protein. 

The oxidation-reduction potential of the substance 
is determined, using a ferri- and ferro-cyanide mixture 
as oxidation-reduction buffer. In Fig. 2, the values 
for log (ferrocyanide/ferricyanide) are plotted agamst 
those for log (reduced copper protem/oxidized copper 
protein). The slope of the curve indicates a one- 
electron change in the oxidation and reduction of the 
copper protein. From these results, the normal 
potential of the copper protein is calculated to be 
390 mV. at 20° C. and pH 7-0. 

The reduced form of the purified copper protein 
was found to be non-auto-oxidizable. The oxidized 
substance was reduced with ascorbic acid, hydro- 
quinone and other ordinary reducing agents. It was 
found that the copper protein was instantaneously 
reduced by reduced mammalian cytochrome c and 
Chlorela elipsoidea cytochrome 550, which was 
isolated and purified from C ellipsoidea 
(details will be published elsewhere). Since cyto- 
chrome f of Chlorella has not been successfully 
isolated, the reactivity of the copper protein was 
tested also, with positive results, with another algal 
cytochrome of high oxidation-reduction potential, 
Porphyra tenera cytochrome 5537. 

A rapid reduction of the oxidized copper protein 
with reduced pyridine nucleotide as electron-donor 
was found to be catalysed by the presence of the cell- 
free extract of Chlorella. This reductase was partially 
purified by fractional precipitation with ammonium 
sulphate and column chromatography, using diethyl- 
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Fig. 3. Reduction of copper protein (and mammalan cytochrome 
o) with reduced pyndine nucleotide as catalysed by. Chlorella 

avyoprotem., Reaction , 10 ml. of 05 M phosphate 
buffer (pH 7 0), 0 5 ml. oo copper protein or horse heart musclo 
cytochrome c, 0:1 ml. reduced pyridine nucleotide, 0 05 ml. favo- 
protein and deionized water in 3-0 ml. The reaction was followed 


oytochrome o, respectivel MA O, A, reduction 
of copper protein with reduced hosphopyri 
reduced diphosphopyridine nucleotide, de AT Flavo 
was ndded at the marked F.P. @, absorption in the presence 
of copper A iar and flavoprotein alone (that is, without addition 
of redu aie fia nucleotide); x, reduction of cytochrome 
with redu triphosphopyridine nucleotide. 
added as catalyst at time zero 


aminoethyl-cellulose as adsorbent. (The prepara- 
tion thus obtained showed a yellow colour, which 
disappeared on reduction with sodium hydrosulphite. 
The absorption spectrum of this substance in the 
oxidized form showed three peaks with absorption 
maxima at 275, 380 and 465 mu suggesting the 
flavoprotem nature of the enzyme.) As will be seen 
in Fig. 3, this enzyme catalyses the reduction of the 
oxidized copper protein with reduced pyridine 
nucleotide as electron donor. The rate of this 
reaction was markedly faster with reduced triphospho- 
pyridine nucleotide than with reduced diphospho- 
pyridine nucleotide. It was also found that this 
preparation had the capacity to catalyse the reduction. 
of oxidized mammalian cytochrome e with reduced 
triphosphopyridine nucleotide (Fig. 3). It is impos- 
sible to compare the activity of this enzyme toward 
the copper protein with that toward cytochrome until 
the molar extinction coefficient of the former 1s 
estimated. 

A substance with similar spectrophotometric and 
electro-chemical properties has been extracted from 
chloroplasts of spinach by K. Takamatsu (personal 
communication) in this laboratory. It has also been 
discovered by me in the chloroplasts of Chrysan- 
themum coronarium. The wide distribution of this 
substance in various photosynthetic organisms sug- 
gests that it is playing some part in the photo- 
synthesis of these organisms. Further investigations 
to elucidate the physiological function of this sub- 
stance are in progress. 

I wish to thank Prof. A. Takamrya for his valuable 
advice and encouragement in this work. Lyophilized 
algal cella were kindly provided from the Tokugawa 
Biological Institute. 

1 Green, , McCarthy, J F., and King, C. G., J. Brol. Chem., 198, 
447 (i038). 
t Katoh, S., J. Biochem. (Tokyo), 46, 629 (1959). 
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LETTERS TO THE EDITORS 


MATHEMATICS 


Gravitational Waves in General Relativity 


THs emission of gravitational waves from a finite 
isolated axially symmetrical material system in 
otherwise empty space has been investigated by 
consideration of the metric : 


ds? = (fers — 7872) du? + 26%dudr + 


2rUedudð — r? (e77d 6? + gin*6 erdo?) 
Emstein vacuum field equations have been solved by 
an expansion in negative powers of which represents 
radial distance in a well-defined sense. In this 
expansion it has been assumed that only outgoing 
waves are present. The expression : 
n 


1 lm fe — F) sin@dé 


P+ 0) 


represents mass in the static case, and forms a 
suitable generalization of this static concept to the 
dynamical case. 

The following results have been found : 

(1) If a system is static before some instant, then 
undergoes motion, and eventually again returns to a 
static state, then 1ts mass in the final state is less than 
1t3 mass in the initial state. 

(2) There exists a class of possible motions of the 
source in which the curvature tensor (measured by its 
physical components) falls off like r-*. In this case no 
radiation is sent out and no loss of mass occurs. The 
existence of such a class of motions is related to 
Infeld’s? result that a set of freely moving particles 
does not radiate. This case differs from the stationary 
one by, among other characteristics, lim (r—- V) bemg 
a function of 8 though not of u. 

(3) There exists a class of motions of the source m 
which the curvature tensor falls off like r-*. In this 
case the power received by a set of small receivers 
covermg a large sphere surrounding the source tends 
to zero as the radius of the sphere tends to infinity, 
since small receivers absorb energy at a rate pro- 
portional to the square of the curvature tensor. 
Nevertheless the source loses mass, because at any 
distance from the source a suitably constructed large 
receiver could absorb a finite amount of energy. 

(4) For general motions the curvature tensor falls 
off like r-1, but, because of (2), there is no close 
relation between the mass loss of the source and the 
energy that could be absorbed by distant small 
receivers. This point underlines the non-localizable 
nature of gravitational energy. 

I am much indebted to Dr. F. A. E. Pirani for 
innumerable discussions that have done much to 
improve my understanding of the problem. 

Full details of the work (carried on partly in 
collaboration with Dr. M. G. J. van der Berg, Depart- 
ment of Applied Mathematics, University of Liver- 
pool) will be published elsewhere. 

H. Bonpi 

King’s College, London, W .C.2. 

1 Infeld, L., Ann. Phys (New York), 6, 341 (1959). 
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Time-Dependent Tensile Strength of 
Solids 


` Dursa the course of studymg the stram-rate 
effects of a number of irradiated and non-irradiated 
polymeric solids as well as some metallic solids (refs. 
l and 2 and unpublished results) a common relation- 
ship between stress and strain-rate has been observed. 
For any given value of strain the streas obtained at 
different rates of straining is linearly related with the 
logarithm of the strain-rate. Mathematically, if e 18 
the total given strain at any given temperature 7’. 
then the stress o is related with the strain-rate ¢ in 
the following manner : 


o — Oe 


z (1) 
& 


t = £6 


where ¢, and ca, are constants independent of the 
strain s, and m, which is also independent of the 
strain, is the slope of the straight line when the log 
of strain-rate is plotted agamst the stress. Or in 
another form, when the rate of straining is constant : 





mi (2) 


Depending upon the value of e, which is a measure 
of molecular configuration of the solid in terms of - 
deformation?, the time-dependent strength can be 
evaluated. 

As one special case, if we let : 





i = ip = => 
ty 
then from (1): 
oy — P 
Éb = a (3) 
Eo 


where t» is the time to fracture, c» is the fracture 
strain and c» the stress maintained until fracture 
occurs. This agrees well with the current theoretical 
and experimental developments of the subjecte, 

On the basis of considering the oscillation and 
breaking of atomic bonds, the time-dependent strength 
properties of solids has been reported and may be 
expressed as follows? : 


E—2 Bony 
] 


ty = —6 kT (4) 
o 


where tẹ is the time taken for the sample to break 
under the tensile stress o» © corresponds to some 
bond oscillation frequency, n is the number of bonds 
per unit area the normal of which is in parallel to 


these bonds, E is the bond energy, 25 is approxi- 
mately the distance the bond will stretch before 


o-frecture stress (10° p.s.L) 


t-atrain-rate per seo. 
Fig. 1. Bffect of strain-rate on breaking stress of polystyrene solid 


breaking, k is the Boltzmann constant, and T is the 
absolute temperature. 

According to another theoretical analysis based 
on the theory of absolute reaction-rates for simple 
tension’, the time taken to fracture is related to a 
constant fracture stress c» of a solid body in the 
following manner : 

log te = A — B o (5) 
where ¢ is the time to fracture and A and B are 
constants. 

Experimentally similar results have been obtamed?.s 
for various solids. Hsiao and Sauer’? have reported 
this linear relationship between breaking stress and 
logarithm of time for solid polystyrene at room 
temperature. Zhurkov and his colleagues* have 
mace a systematic study of not only time- but also 
temperature-dependent fracture phenomena for a 
large number of various solids. The time t taken 
for a solid to fracture under a constant stress op 
wes found to obey a general law that : 


Us — vob 
os (8) 





tp = t 


where ża» U. and y are constanta which define the 
strength properties of the solid. It is mteresting 
that the quantity U, was found to coincide in mag- 
nitude with the binding energy of atoms in the 


e-creep stress (10° p.s.) 


&--creep-rate per s80, 
Fig. 2. Creep stress and creep-rates of polystyrene solid 
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crystal lattice of metals and alloys. The quantity 
t, was found to be constant for all the metals in. 
vestigated and of the same order of magnitude as 
the period of vibration of atoms in the crystal lattice. 
A very close resemblance between (6) and (3) is 
quite evident. 

As another special case in the oreep process the 
total strain-rate is equal to the coreep-rate, that is, 
t = é,and $, = ése where Ec and €o¢ are creep strains. 
Using these relations, if ge is the creep stress, then 
(1) can be reduced to the following form : 


_ Te — Ge 
fe = Ee & ae (7) 
indicating that the plote of log te — o» from (3) and 
log éc — oo from (7) have equal but opposite slopes. 
This is well illustrated by Zhurkov’s excellent experi- 
mental work for metals and alloys. 


o-flacture stress (10 p.s.L) 





Fig. 8. 


Effect of time on fracture stress of polyatyrene solid 


Quite recently, Zhurkov and Sanfirova® have 
obtained the relation between the strength and the 
constant creep-rate of metals and alloys. They found 
that : 


— Qe — ya 
£0 = Ego 6 (8) 7 
where £» ìs the creep-rate and é 2, Q, and y, are 
constants. They further determined that Q, = U, 
and y, = y for a number of metallic solids. They 
also claimed that U, is dependent on stress, in con- 
trast with the result by Dorn and his co-workers!? 
that the activation energy is independent of the 
stress. But Basinskı!! and others have found that 
the activation energy is stress-dependent. According 
to the present analysis the activation energy is not . 
only dependent on stress but also on strain. 

However, in order to consider the possibilities of 
having different mechanisms of creep deformation 
for different types of solids, ıb is desirable to use m 
as the variable parameter. 

For metals and alloys, m has one value which 
reflects one type of mechanism of deformation 
associated with various dislocations. But for poly- 
mer solids m has another value which reflects a 
different type of deformation mechanism. To give 
an actual example, consider the time-dependent 
mechanical properties of solid polystyrene. The 
effect of log of strain-rate on the fracture stress 1s 
shown in Fig. 1. The plot of the log of creep-rate 
against the creep stress is given in Fig. 2. The slopes 
of the two curves are evidently not the same. Com- 
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paring with the curve plotted in Fig. 3, the log of 
time against fracture stress, it is seen that the slope 
of this curve is equal but opposite to that of the 
curve in Fig. 1. 3 

In conclusion, it seems reasonably safe to consider 
that in describing the time-dependent tensile strength 


» properties of a large number of solids there exists a 


basic linear law between the logarithm of strain-rate ¢ 
and the applied tensile stress o : 


O — Tn 
é = Eo mm 

-p | € 
~ 
where é, and c, are constants and m is a material 
constant proportional to the absolute temperature T. 
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Size Distribution of Tobacco Smoke 
Droplets by a Replica Method 


HrrHuEeRrTo it appears that when size distributions 


“of tobacco smoke droplets have been made by light 


or electron microscopy, the droplets have been caught 
on glass surfaces or one of the usual kinds of specimen 
support film, and upon deposition they have spread 
on the sampling surface (Fig. la and c). As a result, 
published size distributions obtained by these methods 
have been of the spread diameter of the droplets 


Fig. 1. 
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Electron micrographs of tobacco smoke droplets: (a) spread droplets on collodion 
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instead of their true diameter as they existed in the 
smoke at the time of sampling. 

A replica method for determining the size distri- 
bution of non-volatile droplets by electron microscopy? 
makes it possible to relate the diameters of lens 
impressions, formed by spread-out droplets sampled 
on a wet gelatine film, to the diameter of the droplets 
themselves. This method has now been applied 
successfully to the determination of the size distri- 
bution of tobacco smoke droplets. 

Comparative size distributions of cigarette smoke 
droplets have been made on samples obtained 
simultaneously on collodion support films by means 
of the thermal precipitator (Fig. la) and an electro- 
static precipitator, and on wet gelatine film by means 
of the electrostatic precipitator followed by the 
replica method (Fig. 1b). The electrostatic pre- 
cipitator was of the parallel-plate type with an 
electrode separation of 1 em. and employing a 
potential difference of 5 kV. Droplets from the 
smoke of an artificially smoked cigarette without 
filter tip and a normally smoked cigarette also 
without filter tip have been examined. The artificial 
smoking was carried out by inserting the lighted 
cigarette in the inlet of a 1-litre glass sampling 
cylinder and drawing smoke through by means of a 
hand sampling pump at the rate of 35 ml./2 sec. To 
obtain the normally smoked cigarette cloud, the 
smoker drew smoke into the mouth and filled the 
sampling cylinder by gently blowing the smoke into 
it. In both cases the smoke was approximately 10 sec. 
old when sampling was commenced, and the concen- 
tration was such that a satisfactory thermal pre- 
cipitator sample was obtained in 2 sec. and the electro- 
static precipitator samples in 10 sec. 

The size distribution of droplets in artificially 
produced cigarette smoke obtained by the three 
methods of sampling is shown in Fig. 2. Diameters 
shown are for the spread droplets and the number 
median diameters are 2-1 for the thermal precipitator 
sample, 2-4y for the electrostatic precipitator sample 
on collodion film and 0-38 for the gelatine replica. 
Only in the case of the replica sample can these 
values be related to actual droplet diameters. The 
spread factor! (droplet diameter/replica diameter) 
for tobacco smoke droplets on gelatine was found to 
be 0-435, so that the median droplet diameter was 
actually 0-16. and the maximum droplet diameter 
0-54u. For droplets in the smoke from a normally 
smoked cigarette the median values were 1-05y. for 
the thermal precipitator sample, 1-34 for the electro- 





droplets sampled on wet gelatine film; (c) spread droplet containing crystals 


- (b) carbon replica of lens impressions formed by © 
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for Geiger-Müller Tubes 
© GAS-FLOW counters are finding an increasing use, © 
especially in automatic methods of ‘counting. carbon- 


l4 and tritium in sample-changing devices, dnd in 
. chromatogram scanners. 





O05 10 15 20 25 Bo: 












Diameter of spread drople {ji Ee 
Fig. 2, Size distribution of spread droplets’in smoke from an - 
artificially smoked cigarette without filter tips: x— x, Thermal... 
precipitator and collodion film; © === O electrostatic pré- -~ 
cipitator and collodion filmy epea T » Clectrostatic precipitator 


and gelatine film (replica method)... 


static precipitator sample on collodiom film and-0-46u. 
for the gelatine replica with a true droplet median 
diameter of 0-23, a a ge E 
It is interesting to compare these values with those 
obtained by other workers. Langer and’ Fisher: 
sampling “on glass and sizing by dark-field micro- 
scopy, obtained values for the diameters of 0-6u 
(median) and 1 ‘6u (maximum). For a smoke of similar 
age, Harris and Kay®, sampling on ‘Formvar’ film and. ounter, as de 
sizing by electron microscopy, appear to have standard planchettes were used, one for each type of 
obtained a maximum droplet diameter, of approxi- counter. The curves were analysed to give (a) the 
mately 5u, whieh is the largest size for samples taken plateau length ; (b) the operating Voltage, taken as’ 
» on collodion in the present investigation. DallaValle’; (one-third “of the plateau 1 
/ by means of electrostatic separation studies, found a limit-of the plateau te)" 
© size range of 0-1-0-25u, and Sinelair®, using a light. the operating voltage: a1 
. scattering method, a size range up to 0-5u diameter. the standard planch 
Tt is evident that spreading of the droplets always ‘ounter, T wass 
occurs when they are deposited upon a sampling: 
surface and, unless the spread diameter.ean be related 
to the original droplet diameter, size distributions V 
obtained by measuring the diameters of deposited - 
“x, droplets differ considerably from those of the droplets 












































“as they exist in the aerosol, 
Although the replica. method! was devel ped 
hiefly for electron microscopy, it can conveniently 
* be used for light microscopy ; for the éxamination of 

tobacco smoke droplets, it virtually increases the 
resolving power by a factor of 2-3. ` _ te 

The samples taken on collodion film were re- 
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m. Measurements | 
were made at three differi 8-flow rates for eac 
gas mixture: 127, 287, an ml. persmin., corre- 
sponding to a positive pressure inside the counter of 
1-2, 2-4, and 4-8 em. of ethanol, respectively. l-mini 
counts were taken. n 
























P helium + 1-3 per cent butane. The helium + ethanol 
“mixture operated at a relatively high voltage, as did ` 
helium A+ 2-0 per cent butane, but the ethanol 

plateau was much ‘shorter and steeper (Table 1). 
i These results show that certain M 
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. a ee gave a l 
considerably flatter Dakan , but also.a rather higher 
‘operating voltage. Even with a counter tube as large 
as the Scott-igpe counter, the helium +- 1-5 per cent 
n an, operating voltage of less 
" KV., whieh is within the. range of most com- 
‘mercial high yolas upplies fitted to scalers. As 
i smaller-than. the Scott type, | 
id be. well below 2kV., as _ 










He +11 per e e 
cent butane, 
Hèt 1:5. per ~ 























of British Oxygen 
-» for the helium 





eonriicted to th Ultrascaler: 192 A’. The tube was 
cused, without a window, and ‘the carbon-14 sample stt-type counter tube 
occupied an: area 1-5 cm. in diameter on a metal wag: comivited by. Mr. L. D. Kitchen and. Mr. S. T. 
lanchette. The counting volume was approximately Smith of the ~ Department, King’s College 
choidal in section, with a base diameter of 3-6 cm. . Hospital. The Nuclear-Chieago counting equi pment pek 
The anode was of 0-05-mm. diameter tungsten wire“ -was a ‘gift from. Miles: Ames Laboratories to Prof. 

ain the form of a horizontal loop 1-5 cm: in: diameter. C. H. Gray. a 
trally, and about 13:3 em: above “the. . l 
< planchette. The operating.. conditions were, those. ~ 
“6 rechmfnended by a manufacturers :. gas-flow. rate 

1. after a iary ishing period at 
à the e input sensitivity at : 
he counts y were each of 3-min, duration: 
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and 2 2 give, the summarized results: Tom _ Departmen of Medi cal Phy a: 
i Of the three flow-rates used in the | ., King’ g College Hospital, 
he lowest was ufficient to sweep Lond on, 8. E: 





Hne ARo position produet the. discharges, 80 =, * Wyeth Fellow in Pharmacolog v Of the Saoi Rheumatism Council, 
hat the plateau was short and breakdown occurred = + Present address: Medical Research Council Radiotherapeutic 


at relatively low voltages. Increasing the flow-rate “ler, Unit, Hammersmith apia London, W,12. 
gave longer and flatter plateaux, but, the difference ‘Fuller, R. Cu Spience, 124, 15: 3 (1090). 
between the two higher; rates of gas flow. was not coo oi : | 























ofge reref METALLURGY 
fow- rate of 287. mhk, per min.” 


ixbures 3 en with the | The Delta Plutonium Transition 
: L Tem perature , . 


E 





has been the Xisteric of the 3 ene occur ring in the 
temperature-range 450-480° C. Recent determination 
of the latent heats of transition of the allotropes of 
; pluton m? enable the thermo ynamic aspect of the ~ 
| at impurity-level con- 
$ enti ionik) on the å 328” tradsinion to be considered. 
Tt has been painted out that the phase rule, 
ji ied in the construction of equilibrium 
diagrams, is but one of a number of rules all of which 
are based on the same thermodynamic reasoning®. 
One of these rules is that when a polymorphic 
reaction occurs in one of the pure components, the 
initial slopes of the phase boundaries meeting at the _ 
transition temperature differ by (L/RT*)-1, where L | 
is the latent heat, T the absolute temperature of the: 












; Operating | of standard | i i 

i lene. earbon-14 | operating 
{4/3 f planchette | voltage | 
d at operatia r cent/ | 
100 V) | 
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| 
| , 
Be ! aa transition and F the gas constant. Applying this rule“ 
an wn butane De a (4,800, | 1,885 | 3-3 to the 8 transition for which L is 17 +. 10 cal./ 
UL cant butine, a +350 | 500 | 1890 — 2ọ |  gm-atom and T is 728° A., the difference in slopes of 
"He + 2-5per | | oc ot a oa the phase boundaries is 620° C.jatomie per cent. 
Nuclear-Chicago | 350 EP aa Poe 2. 4 This very high value implies that small quantities of 
'Q-Gas' | 400 | 1400 | 1,900 | 20 | added elements may have a marked effect on the 
f eaa! | 350 1.250 | 1,900 | ta | observed transition temperature. For the limiting 


condition that one oF the phase boundaries of the 















Temperature ( joc 


0 0-1 02. Of gol 6-2 
Atomie alloying element (per cent) 


Limiting cases for the effect of alloying elements on the 
å z> & transition in plutonium 


Pig. 1. 


two-phase region ò E 8’ has zero slope. (thereby 
minimizing the effect of alloying elements on: the 
transition temperature) the other will have a slope of 
absolute value 620°.C./atomic per cent. In Fig. 1 (@), 
the impurity addition does not affect the. lower 
limit of the pure 3’ region, whereas in Fig. 1 (4) the 
region is effectively eliminated by the addition. 
The probability of the effeet of any specific impurity 
being one of these limiting cases is thought to be small. 
Since the slopes of the phase boundaries must both 
have the same sign, it is probable that in most cases 
corresponding. to Fig. 1 (a) the phase boundaries 


meeting at T: (the pure metal transition temperature). 
For alloys corre- 


will both be tilted downwards. 
ponding to Fig. 1 (b), both boundaries will be tilted 
_ arpwards——-making it even less likely that the ô’ 
plutonium structure will be observed. In view of the 
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Fig. 2. Possible experimental case 








z appreciable” cone stration. "Of impurities ‘presdin’ a 
< nominal ‘high ‘pe : 
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pk atonium, in those materials . 
ago "Is observed, ‘the situation = 
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-mation to the true sere Ee T Thi 


observation is of- particular interest owing "to the g 
small temperature-range of existence of 8 1200n : 
25 deg. C.). ies hs 
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CRYSTALLOGRAPHY | l 
Growth of Single Crystals.of Copper 


In his commuimication on the growth of single 
crystals of copper, published in Nature of April, 2, 
p- 33, Mr. D. S: Kemsley is good enough to refer to 
a paper by Andrade and Roscoe!, in. which was, 
described a method suitable for grawing single prys tals. 
of metals.of low melting point. © ae , 





He makes, however, no reference to a ‘paper a 
published some years later by Andrade and Hender- 
son*, which: specifically states that this method is 
not suitable for growing crystals of metals of higher — 
melting point.and describes a method. using a split 
graphite mould in a high vacuum. This method was 
used for preparing single crystals of gold, silver and ` 
nickel in the first place, and was afterwards used ~ 
by Andrade and Aboav‘ for preparing single crystals 
of copper, which proved perfectly satisfactory. 

Those who wish to prepare single crystals of copper = = 
may possibly find this method simple and well a oe 
adapted to the parpaso. : 
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$ ë = Andrade ü Henderson, C., PRU. Trans. Roy Soe A 
n z + Andrade, E. N and Aboav, D. A., Proc. Roy, Soc., A, 240, 304 
-a9 BT). 





WHEN" solu ions of potasa m unaii are. ‘made 
s than 6-5, the orange 
ai VO as -6 is formed s eee i a, 
unstable, and on long sta: ding or on heating, ingol- 
uble light-orange, flaky crystals of potassium tri- 
vanadate, KV,0,, are precipitated. This sete alia 
was evidently first deseribed by Norblad?. 
Buerger precession and Weissenberg X-ray diffrac- 
tion patterns of crystals of potassium trivanadate — 
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show a monoclinic lattice with the dimensions: š 
a= 7-63 Å., b = 8-43 Å., c = 4-97 Å, and B = 96° 45’, 
<- The space group is P2,/m or P2,, and the unit cell 
contains 2 formula units. The largest crystals are less 
than 0-1 mm. in the longest dimension, and grow as 








somewhat elongated along the c axis. The optical 
“properties were determined as follows (by A. van 
Valkenburg, U.S. National Bureau of Standards): 













a = 1°78, X ~ L (160), lemon yelow 
B = 2-25, Y = b, orange 

y = 2-34, Z ~ |fe, orange 

2 V = 26° (negative) 





as measured. with sulphur-selenium melts, and 6 
ag estimated from the other measured results. 
‘The diffraction intensities of the (hk0), (QkI) and 
(ROL) reflexions, which were used for the structure 
determination, were determined from the multiple 
photographs by visual comparison with a calibrated 
< Stripsmade with one crystal reflexion. Owing to the 
_. imperfect nature of the crystals, these data were not 
_ -as-accurate as one usually expects, so that refinement 
_ of the structure was somewhat hampered. The trial 
structure was obtained from the three Patterson 
projections and ‘spatial considerations. Refinement 
- of this structure proved to be troublesome by Fourier 
< meshagls, owing to serious atom overlaps in all three 
, __ projections. ‘Application of. the powerful least- 
squares programme: (which solves the full matrix 
_ ofthe normal equations) written by Busing and Levy 
— of the Oak Ridge National Laboratories for the IBM 
. De 704 computer, finally brought the agreement 
- between observed and calculated structure factors 
- to a satisfactory state. No evidence has béen found to 
indicate that the structure departs from centro- 
a 8 rmmmetry, and the accepted space group is P2,/m. 
ge Aa present, the reliability factors are as follows : 
RhkO) = 17-8 per cent, R(Okl) = 11-3 per cent 
and A(hO0l) = 13-1 per cent; overall R = 14:0 per 
gent. The corresponding parameters are given in 
cc ablp 1. 





















PARAMETERS FOR POTASSIUM TRIVANADATE 
Space group P2,/m (Ints Tab. No, 11) 


Table 1. 














f ¿ ; 
Atoms | r i y | zo | 
1 062 | to | 0045 | 
2V, in (2) | O-BT7 4 pooo 
4Va dn (f) | 0-693 | 0-057 0-444 
20, in (e) | 0759 | ooe] 0-505 | 
405. in (f) | 0-516 0-101 | 0-700. 
£0, in (f) 0-518 0-063 | 0-441 | 
| 0744 | 0-092 | 0130 | 
el 


The structure, as illustrated in Fig. 1 sec jacied 
along the a axis, consists of a sheet arrangement of 
` fused VO, octahedra, with potassium ions occupying 
terlayer positions. Two-thirds of these octahedra 
e linked into zig- zag chains stretched parallel to the 
axis; the remaining one-third lie on the mirror 
planes and tie these chains into layers parallel to the 
andc axes. Although the V---O bond-lengths are not 
curately known (+ 0-1.A.), it is apparent that the 
tahedra are highly distorted. For the vanadium 
tom on the mirror plane, the distances are 1-65, 
69 (2), 2-01 (2) and 2-24 A. ; for the other vanadium 
tom they are 1-58, 1-66, 1- 85, 2-01, 2-13 and 3-01 A. 

he structure found for KV,0, has been confirmed 
for the isostructural CaV,0, by H. T. Evans, 
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irregular stacks of thin platelets parallel to (100), 


Si scopy, indanthrene (Co, 





Fi ig. 1, The ayer co-ordination structure of potassium trivanadate 
projected along the a axis. 
are shown as shaded circles. 


(Drawn by H. T. Evans, jun.) 
jun. (personal coma aoa and has reached a 
better degree of refinement, owing to the better. 
quality of crystals formed by the cæsium compound. 
Details of the analysis of both these structures will be 
published elsewhere. There is, incidentally, no 
relation between these structures and that of KCr,O, 
recently described by Wilhelmi?. 

I wish to express my thanks to J. D. H. Donnay for 
his encouragement and guidance of the work de- 
seribed ; and to H. T. Evans, jun., of the U.S. Geo- 
logical Survey, who suggested the problem, for his 
helpful discussions and guidanee. Thanks are also 
due to the latter for providing computer facilities, 
and to P. O'Hara of the National Bureau of 
Standards for his assistance with the IBM Type 704 
computer. 
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Electron Microscopy and the Crystal 
Structure of Indanthrene 


. Iw the course of work on the direct observation of | 

_ crystal lattices using ees resolution electron miero-  __ 
H,,0,N.) has been examined | 
in a manner similar to that used by Menter! with _ 


phthalocyanine (C,,H,,N,) and its metal derivatives. 
The crystal structure of indanthrene has been. 


ascertained by Bailey? using conventional X-ray . 


techniques : he finds the crystal to be monoclinic, ` 
space group P?,/a, with two molecules in the unit cell | 
and the follow ing dimensions: a = 30-83 A.; b = 
3-883 A.; c = 7-845 A.; B = 91° 55’ (see Fig. 1). 





i 30-83 A> A 


Fig. 1. Indanthrene: the unit cell 


Two of the interlayer potassium ions. : | : 








The work with the electron microscope bears out 
those values he obtained for lattice translations a 
and b, but, more important, it adds further evidence 
that images seen in the microscope are in fact images 
of planes of molecules and are not merely fringes 
formed by electron diffraction. Labaw and Wyckoff’, 
in their study of the derivative indanthrene scarlet R 


(C,,H,.N,.O,), were unable to use the technique of 


electron micro-diffraction and left this 
unresolved, 

Crystals of indanthrene, platy but with very ill- 
defined terminal faces, were deposited on specimen 
grids from a suspension in acetone, and examined at 
high magnification in a Siemens Elmiskop I electron 
microscope operated at 80 kV. Parallel fringes lying 


along the length of the crystals were frequently 


question 


observed (Fig. 2) and comparison of the spacing of 


these fringes with that of the ‘(201) planes’ of platinum 
phthalocyanine (11-94 Å.) in photographs taken 
under identical conditions gave a value of 15-2 
0-4 A. 

Electron micro-diffraction photographs such as 


that in Fig. 3 from the circular region of the ‘raft’ of 


crystals in Fig. 4 have the characteristic appearance 
of fibre photographs. Measurements of the distance 
apart of neighbouring layer lines of the fibre pattern 
indicate that the maximum period of the lattice 
structure along the fibre axis is 3-86 + 0-13 A., and 


measurements in a perpendicular direction along the 
central layer line produce a spacing of 15-51 4 
0-21 A. Observation of the diffraction pattern in the 
electron microscope shows that it is only the inner- 
most two spots on the central layer line which are 
aperture in 


uncovered by the objective normal 








Fig. 2. Electron micrograph of part of a crystal of indanthrene 
(= 1,000,000) 
Fig. 3. Miero-diffraction pattern from circular region in Fig. 4 
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Fig. 4. 


A ‘raft’ of indanthrene crystals ( 


x 00.000) 


microscopy conditions. Thus only the diffracted 
beams from a structure of period ~ 15-5 Å. are 
allowed to produce an image on the electron miêro- 
scope screen after recombination by the later electron 
lenses. 

It is compatible with these observations that the 
erystals examined were platy on {001}, with small 
{100}, that those planes separated by lattice 
translations a/2 and b give rise to the diffraction 
pattern observed, and that the (200) planes of 
indanthrene are directly imaged in the electron 
microscope under normal conditions. 

I thank Dr. F. P. Bowden for his help, Dr. J. W. 
Menter for diseussion, the Department of Scientific 
and Industrial Research for a research grant, and 
the Imperial Chemical Industries, Ltd., for crystal 
specimens. 

Lewis T. CHADDERTON 
Physies and Chemistry of Solids, 
Cavendish Laboratory, 
Cambridge. 
! Menter, J. W., Proc. Roy. Soc.. A, 236, 119 (1956). 
* Bailey, M., Acta Cryst., 8, 182 (1955). 


* Labaw, L. W., and Wyckoff, R. W. G., Proc. U.S. Nat. Acad. Sci., 
43, 1032 (19570). 


Crystal Structure of Mellitic Acid 


In a recent communication, Bezjak and Grdenié! 
have described the crystal structure of mellitic acid 
(C,(COOH),). IL have also recently completed an 
independent and full refinement of the structure?. 
While there is agreement on the general features of 
the structure, my conclusions are different, and are 
that : 

(1) The twelve independent C—O bonds are not 
identical, but have lengths ranging from 1-18 + 0-03 
to 1-34 + 0-03 Å. (Bezjak and Grdenié quote them 
all as 1-23 + 0-01 À.). The variations of bond- 
lengths within the carboxyl groups are consistent with 
the variations in the C—C—O bond angles. 

(2) Within each layer there are six inter-molecular 
contacts of lengths between 2-64 and 2-68 A. for each 
molecule. As these are the lengths expected for 
hydrogen bonds from the infra-red evidence*.*, and 
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~ correspond to the number of hydrogens in the 
structure, they are assumed to be the hydrogen 
~ bonds, The two contacts of 2-68 A. between oxygens 
c in different layers given by Bezjak and Grdenié are 
found to be 2-90 and 3-06 A. by me, and are not 
_ -eonsidered to be hydrogen bonds. 

A further point of more general application may 
be made concerning the possible ambiguity of 
structures solved in projection only, when the space 
group has fairly high symmetry. The present struc- 
mre serves as an example. | 

. The space group Peen has eight equivalent general 
positions given by : 


Ye $o fta Ye ; 4 AAR +2 ; Ly — Yk +R. 
he y co-ordinate is replaced by }—y, the eight 
| positions become : 















- : yk Yk 3 g TEY 3 ETR ERRERA ET 
E ar CAE LA EE a a e LAE E 


which are different in three dimensions, but give the 
same set of positions in all three axial projections, 
Ok, ROL and AkO. This may easily be seen from the 
two sets of co-ordinates given. Exactly this am- 
< biguity between y and 4—y exists for each carboxyl 
= group in the crystal structure of mellitic acid, as 
= the*cafbon framework of each molecule lies approx- 
¿> imately- in the plane y = } or y = $. Thus whether 
& carboxyl group.is rotated clockwise or anti-clock- 
wise about the C-—-C bond joining it to the ring 
depends on whether the oxygens have co-ordinates 
yord y. With four independent carboxyl groups 
+ pet molecule and two independent molecules in the 
structure, there are 2° or 256 possible structures 
= which will. give identical projections, and they can 
be distinguished only by using some general re- 
-o flexions.. Between different carboxyl groups within 
_ the same molecule, all but four of these possible 
< structures give oxygen-oxygen contacts -which are 
_ too small. I used kU and h3l reflexions to distinguish 
between these four possibilities. 
3 S. F. DarLow 
| Physics Department, 
College of Science and Technology, 
i Manchester 1. 
eee March 17. 
0o S Beajak, A., and Grdenié, D., Nature, 185, 756 (1960). 
= 4 Darlow,.S. F., Acta Cryst. (in the press), | 
<7 dronzdlez-Sanchez, F., Spectrochim. Acta, 12, 17 (1958). 


Nakamoto, K., Margoshes, M., and Rundle, R. E., J. Amer. Chem, 
Sot, 77, 6480 (1955). 








RADIATION CHEMISTRY 


Radiation-induced Changes in o-Lead 
Azide 

-Ustna techniques of micro-hardness determination 
already described! and standard methods of X-ray 
diffraction analysis, preliminary changes in the 
attice of X-irradiated «-lead azide have been measured 
and decomposition products analysed. Specially 
grown 99-9 per cent pure 1 mm. crystals were used 
o determine hardness changes and microcrystalline 
9-5 per cent pure azide material used in the para- 
meter studies. Nickel-filtered 45-kVp. copper radiation 
>: with a half-value layer in aluminium of 0-06 mm. was 
used to produce and record the parameter changes, 
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Fig. 1. Mean increase in an unindexed lattice spacing of a-lead 

azide with X-ray dose, at a dose-rate of 5-0 x 10° rōntgensimin. 

in air, The spread of the regus un for each graphical point is 
ndicatec 


whereas somewhat harder radiation with a half-value 


of 0:09 mm. and from a tungsten tube operated at 50 > oc | 


kVp. was used (a) to induce hardness changes and (b) 
to bring about ultimate decomposition of the azide. . 


Approximate dose-rates in each series of experiments 


were 5-0 x 10° réntgens/min., 2-5 x 10* réntgens/ — 
min. and 1-4 x 105 réntgens/min. respectively. 

To study parameter changes the highest reflexion 
recorded with copper Ka, was selected for measure- 
ment. This could not be indexed, but was calculated toc 
refer to an uncorrected spacing of 0-7749, A. at 70°F. 
with a measured temperature coefficient of 0:00002 
A./deg. F. Fig. 1 shows increase in this parameter with- 
increasing X-ray dose. Six trials were carried out 


and each graphical point is the mean of six determ- : 
Serious > 
loss of line-to-background intensity terminated the 


inations with. experimental error as shown. 


series before saturation if any could. be. effectively 
observed, and within the scope and experimental — 
accuracy of the work, it was. not. possible to test 
critically for any relaxation with time or instability 
to light. Qualitatively similar results were obtained — 
for other parameters. | 3 

Hardness changes for the 013 form (a<b<e) 
of «-lead azide undergoing X-irradiation were: 
measured at 10-gm. load. Five dual trials were . 
carried out, and it was readily apparent that the: 
hardness increases noted were not permanent but 
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0 1 2 3 4 a 8 7 8 9 
Total dose in units of 10* réntgens 
Fig. 2, Showing the increase in Vickers hardness at 10 gm, load 


for the 013 form of an a-lead azide crystal while receiving X-rays 
at a dose-rate of 2-5 x 10* réntgens/min, in air 

















Fig. 3. Showing the anomalous b-axis expansion in the habit of 
a single crystal oc Pa azide receiving X-rays af a dose-rate of 
1 x 10° réntgens/min, in air 


tended to relax with time and even in the dark. 
Fig. 2 relates hardness to dose for a run in which all 
operations were carried out with maximum speed. 
- Five indentations were used to derive each graphical 
point, good consistency being obtained. 

Changes in parameter? and mechanical properties? 
have already been observed in other irradiated 
materials and are generally ascribed to vacancy 
production. If, as is probable, decomposition of 
a-lead azide proceeds by electron transfer from azide 
ions to liberate free nitrogen, this would result in 
vacancy production consistent with the results 
obtained. 
< Optical, gravimetric, and X-ray methods were used 
to study more extensive X-ray damage in the -lead 
azide, both in air up to a total dose of 3-4 x 108 
réntgens and corresponding to more than 97 per cent 
destruction of the azide, and in a number of other 
atmospheres. Although the ultimate X-ray product 
in vacuum or under an inert atmosphere is necessarily 
lead, this is not encountered in the presence of 
„carbonic acid or of water. Thus, X-ray studies show 
‘that. the stable end-product of X-ray decomposition 
in normal air is basic lead carbonate of the formula 
2PbCO,.Pb(OH),, whereas in severe deficiency of 
carbon dioxide but excess of water vapour, amounts 
of basic lead azide of unestablished formula‘ are 
formed. The latter may bė finally converted into basic 
lead carbonate by X-irradiation in normal air. 

X-ray examination of a single crystal of «-lead 
azide. undergoing decomposition to disoriented basic 
lead carbonate shows that the conversion is complex. 
After a dose of 6-7 x 10° réntgens there is evidence 


ee » for partially disoriented residual lead azide together 
“with a disoriented unidentified phase. 


Higher doses 
produce a further unidentified phase before stable 


basic lead carbonate is finally formed. 


These features, together with the anomalous 
b-axis habit expansion of the decomposing crystal 
(Fig. 3), have not yet been satisfactorily explained. 

We are indebted to the Ministry of Aviation Ex- 
plosives Research and Development Establishment 
for the supply and chernical analysis of the «-lead 
azide starting material, and to the War Office 
Armament Research and Development Establish- 
ment Chemical Services Branch for miscellaneous 
analyses. 

G. Topp 
E. Parry 
Armament Research and Development Establishment, 
War Office, 
| Fort Halstead. 
t Todd, G., and Parry, E., Nature, 181, 260 (1958). 
* Berry, ©. Reo Phys. Rer. 98, 934 (1955). 


a Yin-Yuan Li, Acta Metallurgica, 1, 455 (1953). 
‘Todd, Oh, Chem. and Indust, 1005 (1958). 








Modes of Radiation-induced Cross-Linking 
in Hydrocarbon Polymers 


Since the earliest observations!” on the eross- 
linking of organic polymers by ionizing radiation, 
much research has been devoted to this phonomenon, 
but there remains no generally accepted mechanism 
applicable to all polymers’. For polyethylene it has 


been proposed’ that lmkages between molecules arise | 


from three independent processes : 

(a) By the direct action of ions according to either 
an ion-molecule—electron reaction as originally 
suggested by Dole! and represented in (1): 


PS. See Se 
CH, + CH, +e > CH—CH +H, (D 
F x a ue 


or by an ion—molecule process followed by subsequent 
neutralization of the product ion by its cognate 
electrons. 

(6) From the interaction of free radicals of low 
mobility primarily formed in crystalline regions of . 
the polymer’, as in a post-irradiation fusion of the 
solid. 

(c) As a result of the decay of unsaturation initially 
present and of the unsaturated groups formed 
during radiolysis! ; in this case an end- or cross-link 
would result depending upon the position gof,the 
unsaturated group in the polymer. It has been 
postulated that the mechanism of this process occurs 
by excitation energy transfer from the main polymer 
chain., 

A recent paper by Black and Lyons’ on the 
radiolytic changes incurred in polypropylene in- 
dicates that the formation of vinylidene double 
bonds corresponds to the occurrence of main-chain 
fracture according to (2): 


R {-CH—CH, -}- R, ~~n R—C=CH, + RH 
| | 
CH, CH, 


(2) 


Further, at doses exceeding 5-0 x 10%! eV. gm.-}, it 
is shown that the sol fraction-dose relationship for 
this irradiated polymer is in accordance with an 
expression derived by Charlesby™ on the assumption 
that the ratio of cross-lmking to chain fracture 
approaches unity. These results are interpreted” in 
terms of a mechanism whereby an excited inter- 


mediate state of the polymer leads either to fracture 


or cross-linking C, the latter process depending 
upon the concentration [F] of stable chain frag- 
ments, that is, vinylidene groups, arising from pre- 
vious fracture processes during irradiation. 

If the processes of vinylidene group growth and 
decay in polypropylene are considered analogous to 
the kinetics of trans-vinylene formation in poly- 
ethylene’, the corresponding relation : 

dF 

dD 
would be expected to hold where go; refers to the 
initial rate of chain fracture and ky is the decay 
constant for vinylidene groups leading to cross- 
linking. Since the vinylidene groups are located at 
the ends of fractured chains, that is, /sopropeny] 
groups, it is more correct to refer to their disappear- 
ance by end-linking. In formulating equation (3) 
the process leading to fracture as represented by oy 
is considered to be independent of the magnitude 





= of — ky[F] BD 
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| of the subsequent decay process governed by k;[F] 
and thus differs from the competitive reaction mech- 
anism envisaged by Black and Lyons"; studies on 


<- polyethylene have shown’ that the initial rate of 


_ trans-vinylene formation is not reduced by a higher 
~~ initial vinyl group concentration in the polymer so 
- there would appear to be no direct competition 
between unsaturation formation and disappearance 
in this system. A test of equation (3) is provided by 
he data of Black and Lyons in Fig. 4 of their 
„paper! ; neglecting the two points at Jow-irreadiation 
doses, the remainder of the results conform to a 


reasonable linear relation between a and [F] with 


< a ky value of 0-094 Mrad-! or 1-51 x 10-7! gm. eV}. 
<o Tt is of special interest that this latter value com- 
<i pares closely with the decay constant of 1-49 x 
= 10-2 gm. eV! previously obtained for initial vinyl- 
idene decay in a sample of high-pressure polyethylene’. 
At high doses it follows directly from equation 3 that 
the rate of cross-linking would equal the rate of 
fracture at a limiting concentration of vinylidene 
groups formed by fracture, in agreement with 
experiment. 3 

The evidence cited suggests that the cross-linking 
of polypropylene depends mainly on the process (c) 
above; by contrast, the cross-linking of saturated 
potyethylene chains in the initial stages of irradiation 
proceeds chiefly according to (a) and (b), the latter 
contribution depending upon the crystallinity of the 
sample and the post-irradiation treatment’,*. In 
general, the importance of (c) will depend on the 
concentration of unsaturation in the polymer, whether 
initially present or formed during irradiation, and 
hence on the irradiation dose. The relatively low 
cross-linking yields reported for highly unsaturated 
polymers (rubber, polybutadiene, etc.) by comparison 
with the measured decay of unsaturation!" suggest 


that in such cases the main reaction is the formation 


of internal links by process (e) within the polymer 
chains aided by the coiled configuration of the mole- 
cule in the amorphous state’! ; in this connexion it 
‘is noteworthy that Roberts and Mandelkern™ have 
observed that the cross-linking of rubber is much 
increased if the irradiation is carried out on the 
highly oriented polymer whereas for polyethylene the 
_-eross-linking is greater in the liquid state‘.’. 

ota T. F. WILIAMS 
i 3 Chemistry Division, 

- Atomic Energy Research Establishment, 

i Harwell, Berkshire. 
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GEOCHEMISTRY 


A New Interpretation of the Mullite 
Problem 


THE published phase diagrams for the Al,O,-Si0 
system have been many and varied. Bowen an 
Grieg! maintained that mullite of invariable com 
position 3A1,0,.28i0, (71:8 weight per cent AlO.) 
is the only stable alumino-silicate found at high > 
temperatures in this system. Several workers have | 
since: found homogeneous mullites containing from — 

75 to as much as 82-6 per cent Al,O,, and it is ato o = 
present generally accepted that continuous mullite 
solid solutions exist at least over the range 3AL Op = — 
9SiO,-2Al,0,.8i0, (718-773 per cent Al,O,). 
Some investigators also claim the existence of — 
mullites intermediate in composition between. silli- -< 
manite (AI,0,.SiO,) and 3A1,0,.28i0,, although ` 
continuous solid solution between these compositions = 
has never been authenticated. More recently, the = 
melting behaviour of mullite has been disputed, some. 
workers adhering to Bowen and Grieg’s belief that. 
mullite melts incongruently, whereas others maintain 

that no decomposition into corundum and liquid 
oceurs during melting, and that therefore mullite 

melts congruently. a oe o 

Recently it has become possible to observe the = 
behaviour of melts directly by hot-stage microscopy, = 
instead of having to rely solely on the indirect — 
techniques of quenching or thermal analysis used by __ 
previous investigators. The application of this new = 
technique to aestudy of the Al,0,-Si0, system. 
appears to have resolved some of the outstanding 
questions, particularly in regard to the melting = 
behaviour and constitution of mullite. Briefly, direct o - 
observations. have been made on 3Al,0;.281i0, 

















oe) 


compositions-near the liquidus temperature which ` 
show repeatedly that corundum crystals, whether = 
present in the starting material or obtained by 
appropriate undereooling of the melt, are entirely 
dissolved by the liquid in, the presence of residual 
mullite. The survival of corundum has been observed 
only when prolonged heating has. caused the melt 
composition to change through volatilization of : 
siliea, or when the temperature of the melt has been... 
increased without regard to the much slower rate ab 
which corundum dissolves as compared with. mullite 
These observations therefore support the view- 
that the 3A1,0,.2Si0, composition, under conditions 
of equilibrium, does not form corundum during — 
melting; the corollary, that mullite melts COME oe 
gruently, is also disproved, however, by the following 
observations. Heated melts of 3A1,0;.2810, come ox 
position tend to lose silica by volatilization. Despite 
this tendency, such melts contain an. appreciable __ 
amount of siliceous residual glass after mullite single 
erystals have been grown from them on the micro- 
scope hot-stage. The inference that these mullite 
single crystals must be more aluminous than the 
parent composition has been checked by chemical 
separation and analysis. Such crystals were found to 7 
contain 77-2 per cent Al,O, (ef. 2A1,0,.5i0, = 77:3. 
per cent and 3A1,0,.28i0, = 71-8 per cent Al,O;). — 
Refractive indices of these crystals measured in | 
sodium light gave Na = 1-638, N, = 1-653. Identical 
indices were reported by Wright? for crystals obtained 
by fusion of an Al,0,;.SiO0, composition, and the same 
figures have been quoted by Larsen and Berman? for 
‘artificial mullite’. Different heat treatments have 
been used to prepare mullites the analysed Al,O, 






















enta of which have ranged from 
wn to 75 per cent, the 
n being represented approxi- 
y by 2A1,0,.8i0, (77-3 por 
ent). The refractive index 
Measurements show an apparently 
linear relation with composition as 
shown in Fig. 1. From this 
diagram the supposedly constant 
refractive ind 
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: ~ 1,800 - 
dices of mullitereported © ` 


nd Grieg! could in fact 
mullites containing some 
yer cent Al,O,, if allowance 
} for the stated accuracy of 
1easurements (Na = 1-642, 
654 ( -0-008)). 

ullite containing the least 
a cof AlO, (75 per cent) was 
erystallized from a Ca0-Al,O,- 
SiO; melt over the temperature- 
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interval 1,550-1,500° C., that is, at 
a temperature below the reported 
solidus for the system Al,O0,-SiO,. 
“Jt is probable, therefore, that the 
muullites the optical properties of 
which have been described by 
, other investigators lie much closer in composition 
C to 2A1,0,.8i0, than 3A1,0,.2Si0,, and that the 
= synthesis of true 3A1,0,.28i0, is only likely to be 
successful at temperatures well below the Al,O,-SiO, 
solidus... e 
= 0 During the investigation some unusual forms of 
- mullite were encountered. Seen under the miero- 
-< . scope; these appeared to be almost or completely 
-> homogeneous, and: they were characterized by 
`u Jowered refractive index, bicefringence, and 2V as 
© o compared with normal mullites. They occurred in 
=o rapidly cooled melts of more siliceous composition 
_ than 3A1,0,.2Si0,, and are attributed to the almost 
‘of completely sub-microscopie intergrowth of mullite 
and glass. It is hoped to obtain confirmation, of this 
theory by X-ray examination, because a mixed phase 
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Fig. 2. Redetermined equilibrium diagram for Al,O,—SiO, 


of this type apparently cannot be differentiated by 
optical or chemical methods. gag 

Liquidus temperatures have. been determined by 
hot-stage microscopy for a major part of the Al,O,— 
SiO, system, as shown in Fig. 2. The mullite primary 
phase region, including the composition 3A1,03. 
2810, which has no special significance, ends at about 
75. per cent Al,O,, where mullite is transformed 
peritectically to a mixture of corundum and liquid 
at 1,880° C, 

A detailed account of this work is being presented 
at the Seventh International Ceramic Congress, 
London, in May. 

J. H. WELCH 

Building Research Station, 

Garston, Watford, Herts. 
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293 (1909). 


* Larsen. E. S., and Berman, H., Bull. 848, “The Microscopic Determ- 
ination of the Nonopaque Minerals”, 2nd ed. (U.S. Gov, Printing 
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CHEMISTRY 


Reaction of Active Nitrogen with 
Polyethylene 


THe nature of active nitrogen, the mechanism of 
its afterglow', and its gas phase reactions with organic 
molecules? have been discussed. I have now investi- 
gated a heterogeneous active nitrogen reaction at a 
polymer surface: — 3 

‘Marlex-50 po 
because it has a 





ethylene was chosen as the polymer 
simple, well-defined structure. It 


is a high-density, unbranched, highly crystalline 


.. polyethylene with polymer chains terminating in one 
æo methyl and one vinyl group. Thin sheets of this 


material were exposed in a flow system to active 
nitrogen, which was produced by a condensed dis- 
charge. Reactions proceeded for periods up to 2 hr. 
at a pressure of 1-9 mm. mercury, and’ at tempera- 
tures between 39° and 120°C. Condensable products 
were trapped and analysed quantitatively by vapour 


phase chromatography and infra-red spectroscopy. 





_ The latter was also used to determine the concentra- 



















os hydrogen. atoms, or fr 





— -active nitrogen and those induced by 
“because the physical and chemical properties of a 


> process a nitroge 
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< tion of active ee was obtained from the inten- 
: sity of ‘the afterglow, which was calibrated by the 
titration reaction of active nitrogen with nitric 


= oxide®, The results of a typical experiment are given 


in Table 1. The ‘activation energies of the various 
experimentally determined oS and their prob- 
able errors are listed in Table 2 


Table 1. TYPICAL REACTION oF ACTIVE NITROGEN WITH POLY- 
ETHYLENE 
Product formation : 


Hydrogen cyanide, 84 per cent 
Cyanogen, 16 per cent 

Total nitrogen. equivalent. 60 O ahire 
Gel formation, 7'1 per cent 

Vinyl decrease, 24 per cent 


Temperature, Ber C, 

: Duration, 60 min. |... 

: Pio molecular nitrogen, 
Plow of active (atomie) nitro- 
gen, 142 ml/min. 
mversion, ? N, — 2N, 1-1 per 





Th 
Conversion N | ~+ N equivalent, 
OO x 107? per cent 


Table 2. ACTIVATION ENERGIES (IN KCAL./MOLE) 
Hydrogen cyanide formation 3°0 + 0'5 
Cyanogen formation oe 19 + 0-7 
Formation of total nitrogen equiv valent 2-5 + 0-6 
Vinyl decrease 3° is ss ł F 

6-3 +. 1: 


Cross-linking (gel formation). 





The condensable gas products, the quantity of 
which varied from 20 to 80 ulitres, contained about 
80 per cent hydrogen cyanide, 20 per cent cyanogen, 
antl @nly traces of ammonia. No derivatives of 
hydrocarbon fragments were found. Previous 


reactions of hydrocarbon with active nitrogen in the- 


gas phase gave a maximum formation of 2 per cent 
cyanogen. In the present less-reactive polyethylene 
system, the concentrations of hydrocarbon fragments 
and hydrogen atoms were much smaller than in the 
comparable gas-phase reaction. The polymer chains 
were broken but were not fragmented too extensively, 
and many of the hydrogen atoms were consumed in 
the process of cross-linking by hydrogen abstraction. 
Thus; relatively more CN radicals were available 
for the formation of cyanogen. This also indicated 
that the CN radical is an important precursor of 
secondary products in the gas reaction. All C=C 


double bonds are convenient sites for addition of . 


nitrogen. In ‘Marlex-50’, 95 per cent of the double 
bonds are vinyl groups‘, which may initiate a mech- 
anism of chain-unzipping. The remaining 5 per cent 
of double bonds are vinylene and vinylidene groups, 


addition to which may lead to scission of the chains. 


Chain fragments, in turn, will unzip or cross-link. 
Up to 10 per cent of the polyethylene was cross- 


~~ Jinked by the active-nitrogen reaction. Weight losses 


“amounted to less than 1 per cent. Hence the extent 
of cross-linking indicated that the reaction was pro- 
 pagated below the surface, either by nitrogen atoms, 
, radicals. A mechanism of 
explanation for this 








diffusion would boa r "i 
observation. 
There is a parallelen between- reactions due to 


radiation 


polymer after the nitrogen reaction. resemble those 
after a mild treatment with radiation. . Hence, . the 
results of the present investigati nm canbe inter- 





< preted by combining the unified mechanism of active 
“> nitrogen reactions? with established mechanisms of 
. polymer reaetions in radiation’. 






(1) Formation of nitrogen complex. In the primary 
tom can form one of three reaction 
complexes, at either end of the polyethylene (‘Marlex- 


50°) chain or within the chain; for example : 








NATURE 


l ‘and his eee SN 





- 1 Jennings, KAR., znd Linnett, J. We Quart, Rev, Chem, Soe., 1, l i? 


BAT. 


















CH, CH [CH,}-—CH, -+ N —> CH: »--CH—CH,— : 
: Sw e a} 


(2) Formation af idge contiitning: congo or 
radical, Attack on the double bond may be slightly 
favoured, but all three cases are energetically favour- 
able. The nitrogen atom will attack the C—C bond 
rather than the C—H bond and this will lead tò- 
splitting-off of either the CN radical, or. hydrogen. 
cyanide and hydrogen atoms. The ‘products of 
reaction 1 may be a new vinyl bond (chain-unzipping’ 
ora a chain terminating in a free radical. 


a s -HCN + H (or CN + - 2H) + CH, =CH 
i (chain-unzip 





(1) — HCN (or CN + H) + .CH;,—CH. ee r 
radical chartonii 


(3) H ydrogen abstraction from polyeth ylene. chain, : 
Hydrogen is not directly abstracted by nitrogen 
atoms. This is made possible, however, by the action — 
of the hydrogen atoms liberated in the formation of 
free radicals : 


—CH,—CH,--CH,— + H- CH; -CHCH en 





Cross-linking requires the existence of the cal 
CH ,—CH-CH,-—, because chain ends, such as : 
.CH,—CH,—, could only couple or unzip. “The 
evidence of cross-linking in depth as shown by gel. 

tests, together with the larger activation energy of ` 
cross-linking, points to diffusion of nitrogen (and =- 
hydrogen) atoms into the polymer. With free radical 
chains. of two. types present, CH »-CH-—CH, a ae 
and CH; two. mechanisms of crosslinking + are oe 
possible + : coe 










(a) Cross-links i eee ng eina a ig 
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-gtanules » som taining up to ‘15 per cent 


F per cent-40 per cent starch and on the gels 
made by heating these suspensions at 80°. These 
esults are the first. to be recorded on starch-gels, and 
ri the TEE of pe water line « on gélation we 








side sad beyond the water which is diey Arian 
“bonded on tothe starch hydroxyls. 

At temperatures between 20° and 50° C. water is 
absorbed into the amorphous regions of the granules, 
which swell about 30 per cent by volumet. The 


‘trystallites remain largely intact, but on heating the. 
suspension at a temperature above 60° some of the” 


crystallites are disrupted, and the granules can swell 
to about: 10 times their original volume if there is 
sufficient water available. “Provided the starch 
“eoncentration is sufficiently «high (ustelly about 
12 per cent with wheat starch) the swollen particles: 
adhere together to form a coherent‘ gel. AH the 


© mixtures” used in these experiments formed. a coherent : 
oc gel at 80°, apart from the 8 _per .cent suspension : 
which on heating formed pn Aquen suspensión of 


swollen. granules... 
“The. nuclear magnetic resonancé B pectra were 
obtained on the prototype of the Fairey” Spectro- 





ay eaneter. This comprises a permanent magnet, with 4-in. 
~ diameter pole faces, a gap of 0-72 in, giving a field of 
approximately. 3,800 gauss at which the iH frequency | 


is 16-1 Me./s. The samples were contained in soda 
glass tubes of 5-2mm. outside diameter and approxi- 
mately 3 mm. inside. diameter. Sample spinning at 
3,000 r.p.m. was employed and a resolution of 1 part 
in 10’ was attained under these conditions, 
- measurements were made at 35°C. 
made by he ting the suspensions in the soda-glass 
3 10 min, at ; . The gels were then: gi 

i jl lear maenetie ; 
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£ three possible causes : 
ò lattice relaxation time (7) as a result of an increase 
in the micro-viscosity of the water®. 


All . 
“The gels were - 


starch gel. 















chain molecules. 
“two opposing ways. Incre 
broaden the water line, b 







star ahi snowed a band of sae width to pure-water, 
confirming the results of Shaw and Elsken?. 
However, on gelling there was a marked broadening _ 
which increased with increased starch concentration. | 
Broadening in this type of system could be due to 
J (a) A decrease in the spin 






In gels this is 
generally of the same order as the viscosity of pure 
water, and must of course be distinguished from the 
bulk viscosity of the gely which is very much higher 
than that of water. (b) Exchange between protons 
in liquid water and those in hydrate complexes, as 
proposed, for example, in octylamine—water mixtures® 
and in aqueous solutions of aluminium chloride’. 
(c) Exchange between water protons and starch 
hydroxyl protons. 

In these mixtures the ratio of starch to water 
hydroxyl groups is toovlow to have much effect and 
the broadening is probably due largely to the extra 
binding of water into a four co-ordinated water 
lattice. This will increase the water line width due to 
factors (a) and {b}. Pure water at 35°C. contains 
scarcely any molecules in this compact state; but 
there are several examples of hydrated macro- 
molecules increasing the order of the water lditiée®, 


sand in fact this explanation has been proposed to 


explain’ the broadening of the nuclear magnetic 


‘Fesonance water band in aqueous solutions of deoxy- 


ribonucleic acid}, 

The four co-ordinated water lattice is nucleated 
from water diréctly hydrogen bonded on to the starch 
hydroxyls and extends beyond the immediate 
neighbourhood of the starch, It is clear that the line 
width will increase with increased hydration, and 
hence. it is not surprising that a broadening occurs on 
gelation. The broadening is greater in gels containing 
sodium dodecyl sulphate, which i is known to increase 
starch swelling’ at 80°. 

The band-width depends pary on the amount of 
water which is bound into the more highly ordered 
lattice and also to some extent on the mobility of the 


macromolecule from which the water lattice is 
, nucleated. In this connexion it is significant that the 


line width of: A gel containing 26 per cent of waxy 


maize starch (100 per cent amylopectin) is con- 


siderably lower. than that of the corresponding wheat 
Waxy maize starch has less tendency to 
erystallize due to the higher proportion of branched- 
This will affect, the line width in 
ration will tend to 
more than offset by 
omolecules. _ 
Ly , unlike the more dilute 
line than pure water. 
concentration there are 
. the granules available for 
Y structure of most of the 
| narrow ‘free water’ line 
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causes a narrowing of the water band.” 
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Fairey Aviation,:.L mited, Fig. 1. Graph of the NH, rocking (C]) and M-eN atrotahitilir ( 
Heston Division, frequencies versua the heats of formation of M(en)gt ogmp lex tor 


»Hounslow, 
Middx. « stretching and the N,H, rocking fr equencies plotte 
: ; against the AH,:, values lio on two straight lines. 
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= "Me 2 I Hydrazine « Compres 9 oi 3 Analogy t to the Kirkendall Effect ‘in the 
i Ae pa I TRA _ Gas hase Bae, TRD ag 


“Tae Kirkendall effect! was ‘first Observed as a - 
movement of fine molybdenum wire markers in a 
contact plane between’ bra: d copper during, 
interdiffusion. If diffusion. occurs by a random walk’ 
x movament of i anh, 








Maize: infra-red spectra of metal complexes have 
bedn examined in the 2-15g region, but until. now © 

very few co-ordinatior compounds have been studied z 
in the cæsium bromi region in which some metal- 
ligand atom-stretching » n ae ex 
Furthermore,. no correlation betweoti i 
of this vibration’ and: tho nature Q; 
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marker, ammonium chloride smoke was used, formed 
by adding about 1 per cent hydrochloric acid to 
OF Cl, in the lower cylinder and 1 per cent ammonium 


+ ~ to hydrogen. Fig. 1 shows photographs of the move- 


‘ment of the smoke, together with a stopwatch to 
indicate the elapsed time. It is considered that these 
provide evidence for the Kirkendall effect in gases. 
Hydrogen diffuses rapidly into the lower cylinder, 
and the resulting increase of pressure causes an 
upward bulk flew of the gas from this cylinder, 
carrying the smoke particles with it. The cloud does 
not move as a thin layer, since it consists of particles 
of various sizes which are settling under gravity. 
Some even fall almost at once into the lower cylinder 
and form a faint cloud there. In the following, only 
the movement of the finest particles at the top 
boundary of the cloud will be considered. No upward 
movement of a smoke formed at the boundary was 
observed when both cylinders contained CF Cl}, with 
the same concentrations of hydrochloric acid and 
ammonia as before. A cloud formed in the lower 
cylinder as before due to larger particles falling 
rapidly, but the top of the cloud was sharp and 
settled with a slow, uniform velocity. 

Some approximate calculations indicated that the 
rate of movement of the boundary was of the correct 
order. If the intrinsic diffusion coefficients of hydro- 
gen and CF ,Cl,, respectively, are denoted by Da and 
Da, Darken showed that, if Na is the mole fraction 
of A in the boundary, and v is the rate at which the 
boundary is moved by bulk flow : 


oN 
= (Da — Dp) > 


For cylinders of infinite length : 


ON? Now 1 


where No, = initial value of hydrogen = 1, and 
Dan = interdiffusion coefficient. 


Thus, if £m equals shift of boundary in time t: 


j re 
fog — 242 | rt 


Val JAB 


The value of Dag has been shown in this laboratory 
to be about 0-4 cm.*/sec., and it can readily be 
proved that, for this value, the assumption of infinite 
length for the cylinders is approximately valid up 
to t = 200 sec. Assuming that movement of the 
boundary is given by the surface of the smoke cloud, 


m- 





Ta a b 
Fig. 1, Position of the smoke stream after 59 sec. (a) and 150 see, (b) 
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Upward movement of the smoke boundary. 


Fig. 2. O, Uncor- 


rected position; @, corrected position 


it can be seen in Fig. 2 that x,, versus 4/¢ gives a 
reasonably straight line. From its gradient, a value 
of (Da — Dg) ~ 0-43 was obtained. This is probably 
low, since the cloud was sedimenting. A correction 
was attempted by measuring the rate of sedimentation 
at the end of the experiment and using this to cal- 
culate the distance it would fall in time t. The cor- 
rected values in Fig. 2 show an upward cur®aflure 
from a straight line, indicating an over-correction, 
as would be expected if particles were coarser when 
sedimentation was measured than when first formed 
in the early stages of a diffusion experiment. The 
gradient at the lower part of the corrected curve 
corresponds to (Da — Dg) œ 0-63. 

Values of D4 and Dp have not been measured, but 
the self-diffusion coefficient for hydrogen is about 
1-3 em.*/see. and a value of about 0-04 em.?/sec. 
can be calculated for CF,Cl,*. For gases, the 
intrinsic diffusion coefficient of a component equals 
its self-diffusion coefficient’, and the difference of the 
self-diffusion coefficients of components in a 50 per 
cent mixture, corresponding to the diffusion boundary, 
should be about half the difference for the two pure 
gases, that is, about 0-7 em.*/sec. Within the limita- 
tions of the experiment, therefore, the agreement is 
reasonably good. 

Though the observed motion of smoke particles 
supports the concept of a bulk flow as part of an 
interdiffusion process, Waldmann’ has put forward 
a theory for such motion which does not require the 
assumption of a bulk flow. Parameters to apply his 
equation quantitatively are not available, but it 
would seem that his effect should be of a similar 
order to that given by Darken’s equation. 

L. MELER 
P. C. CARMAN 
National Chemical Research Laboratory, 
South African Council for 
Scientific and Industrial Research, 
Pretoria. 
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A Model PR account for the Production of 
| Vibrationally Hot Molecules in Free- 


No. 4724. 


_ Radical Reactions | 


THE: applivation of the flash photolysis technique 
_, to the study of the photodeeomposition of molecules 
-like ozone!.*, nitrogen dioxide? and chlorine dioxide’, 
by Norrish and co-workers, has revealed the occur- 
rence of a very unusual series of reactions of the 
general type : 


A -+ BCD + (AB)* + CD + heat 


in which a large proportion of the heat of reaction 
remains concentrated as vibrational energy in the 
‘pewly r formed bond A—B Table: 1 summarizes the 








; apparently analogous reactions in whioh 3 
tio | de tected. 


reese ETATE LEE AA AY woa re 
| i Excited | Maxiuvim energy | 
Reaction | molecule | atv ibration | 
i | 











f 
produced {keal {mole} | 
O + ClO: Os + co Ds | 34 | 
i Q + NO, AR Os a NO i Oa } 34 l 

| O + O,- O, + Og i Os 63 
Cl + Oa ClO + O: ClO 13 | 
Br + Os- BrO +O. | Bro | 3 l 
@€ i@Na,-- Nal +- Na | Nal . ? 
O + 80, 80+ 0, | none -e | 
O + CLO + O, + Chk | none | an | 

| 


Up to the time of writing no model has been 
proposed which could be.used either to correlate the 
experimental evidence tabulated above or to rational- 
ize the ‘abnormal’ behaviour shown in such reactions}. 
This communication describes the development of 
such a model. 

There are three points of similarity in all the 
reactions which yield vibrationally excited molecules ; 
it is always the newly formed molecule, AB, which 
is vibrationally excited ; the number of vibrational 
quanta possessed by AB is always far in excess of 
that ‘allowed’ by equipartition and Maxwell-—Boltz- 
mann energy distribution restrictions, so that clearly 
the collisions between the atom A and the molecule 
BCD must be of a specialized type; the bond. 
strength B-—-C is moderate or weak. 

In order to correlate these observations, a soguengo 
of events may be suggested, as follows. 

(1) The atom A approaches the terminal atom B 
with such a velocity that when A is finally brought 
to rest relative to B; the internuclear distance 4—B 
“is very short compared with the equilibrium distance 

in the molecule AB. Th i 
some attractive forco. 











© (32) The bond Bc must p 
“newly formed bond 4—B, | 
of the intermediate comp: 
can occur easily, and so that 
A on B will be transmitted 
C—D. | | ei 
(3) In consequence, the final” poiut of the 
‘encounter’ will be a molecule AB produced initially 
in a highly“ compressed: state, that is, vibrationally 
hot, and a molecule CD, produced vibrationally 
cold. The greater the attraction between A and B, 
and the weaker the bond strength B—C, the greater 





* ig the fact that they alli 


` energy: liberated in the re 





will > the proportion of the energy of reaction. Appear: 
ing in the new bond A—B.. +4 

Examination of Table 1 shows that in al thë. 
reactions which yield vibrationally hot molecul 
the conditions implicit in the above scheme are: 
operative, that is, attraction between A and B and: 
weakness in the bond B—€. 

In the first two reactions, both the atoms and the 
reactant molecules are paramagnetic, . so that the 
probability of electron spin coupling will result in 
an attractive potential field between.t the: atom. and 
the molecule. The ClO—-O- an --Q bond- 
strengths are both moderate, wie “about a ar 
72 keal./mole, respectively... « : 

The most striking featur 



























it would be surprising indeed, if this < ‘ort 
It is at once obvious that ozone satisfies the require eo eg 
ment of a weak B-—C bond, since the O,--O bond © 

dissociation energy is only 24 keal. }mole. However, ee : 
since the molecule is diamagnetic it is nob imme o 
diately obvious that there will be an attractio ge 








between the approaching atom and the terminal 


oxygen atom. In order. to’overcome this. difficulty, 
it is convenient to consider the ozone molecule from a 
somewhat inverted point of view, that is, not asa” 
strongly bound molecule in a singlet state, but a - 
as a weakly bound complex of a triplet oxygen mole- 
cule and a.triplet oxygen atom. Although the com- 
plete system will have singlet multiplicity, at large 
O,—O separations the terminal oxygen atom will 
assume in large measure the character of an unbound 

3P atom. This will be particularly favoured in ozone 
since the O,—-O bond-strength is.so small, and, in 
consequence, the O,--O vibrations have a lar ge 
amplitude. Thus the formation of electron pair 
bonds between an approaching free atom and 
the terminal oxygen atom in ozone becomes a- 
possibility ; as in. NO, and ClO,, this possibility will 
result in an attractive potential field between the 
approaching atom and the molecule. The well-known 
addition of ozone to olefins yielding covalently bound 
ozonides prov ides confirmation. of, its ability to form 
electron pair bonds. 

The production of. viltatidnalty ‘excited sodium , 
iodide following a collision between an iodine atom ; 
anda sodium molecule in the gas phase. would. be . i i 
especially favoured, since not only is the Na—Nae 
bond-strength extremely weak (17-5 keal./mole), but. =o 
also the coulombic attraction’ between the halogen es 
atom and the alkali metal would be very strong ` 
indeed. This is consistent: with the observation the 
sodium iodide is produce $ ossessing nearly all the 
















In the last two reactions ta lated, no vibration ao Ae 
ited species are produced*,’. Again, this i 





-< sistent with the general acheme proposed, ‘since both — 
CLO and SO, are diamagnetic, and at the same. time 





the SO-—O and Cl,—-O bond-strengths are large, 
being about 130 and 100 keal./mole, respectively. 


oD , It-will be. necessary to break two C—O bonds in 


order to obtain the reaction O + Cl,0 > O, + Cl, - 
since in ClO oxygen is: entral atom.) 3 
Summarizing, it is apparer that all the reactions | 
tabulated can be understood in terms of the var | 
1e 










EET rarity of reactions in whick the 
are vibrationally excited i oona with th Strict 
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co she : d. yield eee ea clo ‘dadicale, 
experiments are being planned to determine 
_ whet hor or not vibrational] y hot CIO is formed. 
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| Electrical and Magnetic Properties of 
rae 8-Carotene Triiodide 


ORAN SFER complexes formed between 
| iddine and condensed ring aromatic hydrocarbons 
«Rave been studied in some detail recently, most 
SOAS! extensively ‘by Akamatu, Inokuchi, Matsunaga and 

their co-workers!. We should like here to point out 
= that iodine also reacts with §-carotene, a non- 
<. aromatice hydrocarbon containing eleven conjugated 
’ double bonds, to form a compound exhibiting 
electrical and magnetic properties similar to those 
»» Of iodine-aromatic charge-transfer complexes. The 
stoichiometric formula of this compound is C,,H,,J; ; 
that ia, it contains tirep iodine atoms per §-carotene 
molecules. © 
This material was s oroparod first by Arnaud? and 
lator by Willstatter and Mieg? in the course of their 
investigations of the structure of carotene. It is 
formed by adding crystalline iodine to a concen- 
trated solution of 8-carotene in benzene or carbon 

disulphide. The ‘triiodide, which is precipitated im- 

mediately, is washed with diethyl ether and dried in 

vacuum. The resulting powder has the same physical 
appearance (red by reflexion, green by transmission) 
and melting point (137° C.) as reported by Arnaud?. 

Todine analyses were made on two party satin independ- 

ently prepared, giving 41-1 and 42-9 per cent iodine 
(eal. : 41-5 per cent). 

Evidently, the triiodide.can be prepared only in 
the way outlined above. If one mixes solutions of 
odine and §-carotene, only a slow reaction occurs 
giving a substance of formula C solissle, presumably 
an iodine addition compound’. 

I asks. 
















t Mm spin resonance absorption 
satel of a dacs line of Gaussian shape with 
AH, p= 11-4 gauss and. g = 2-003. A comparison 
es ane electron spin resonance intensity of a freshly 
pared sample with that of Coppinger’s radical? 
‘spin density of 7-15 x 10% em.-*, corre- 


| show ‘no dependence on temperature from — 170° C, to 


+-30° ©. The signal intensity decays with time with a- 
- half-life of several days for a sample exposed to air p 
wW ks fora sample prepe red - 


the half-life is several. 






he Eai could.. be Comptos gar its 





0-01-0-02 spins per molecule of Cy. Hela 
ctron spin resonance intensity and line shape © 


= complicated. by | 


$ tty of a powder, ar | 
was measured in a iaigh.reeisten oo powder press in 
which: 


T OHM!) cw! 


ov T 


Fig. 1. Variation of electrical la ity yon E pEr 
gg 


of canar with temperature for a sample 
approximately 24 hr. old. A reasonable fit to 
these data is obtained using the expression o = 
Co exp(—H/kT), with H = 0-55 wf 0-5 eV. and 
o (25° C.) = 5 x 10 ohm em.-?. All the samples 
measured exhibit the same value of the quantMyeL, 
whereas the quantity c, was observed to vary con- 
siderably from sample to sample. The conductivity 
decays slowly with time in a manner similar to 
the decay of the electron spin resonance signal 
intensity. 

Conductivity measurements on powder samples, 
such as we present here, certainly are open to serious 
criticism’. However, we believe that these measure- 
ments have sufficient qualitative significance to 
establish the complete dissimilarity between the de- 
pendence on temperature of the conductivity and that 
of the electron spin resonance signal intensity in 
C,oH,,f,. This result is in marked contrast to that of 
Singer and Kommandeur for the pyrene—iodine 
complex®. Our observations can be interpreted in 
two ways: either (1) the electron spin resonance 
intensity i is not a measure of the number of carriers _ 


cate 


carriers involved in coada on, and since the inten- 
sity is independent of temperature, the dependence 
of the conductivity on temperature arisés entirely 
from the temperature dependence of the carrier 
mobility. 

We have also investigated the visible and ultra“ 
violet spectra. of dilute solutions of iodine and B- 
carotene in: chloroform. “Intense new bands appear at 
2920 and 3600 A. From a preliminary study of the 
| tion of solute concentrations, it 









appears that both bands arise from a chemical species 





formed in a. fairly rapi i |, reversible reaction between 
iodine and §-carotene, and that this species is most 
probably C,,H, als mfortunately, this work is 
oor stability. of the solutions. 
, 2920 and 3600 A. disappear in a matter 
of hours due, presumably, to the competing reaction 
in which the addition product C,,H, 1, is formed: 

Dr. Edel Wasserman of the Bell Telephone Labora- 
tories has undertaken a determination of the crystal _ 
structure of C,,H,,1, by X-ray diffraction’. This - 















should clar ify ate the naturs oi Ti chem- 
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this material can reasonably’ be described 
sharge-transfer complex. 
CHARLES M. HUGGINS 
OrıverR H. LEBLANC, JUN. 
a Geal Electrie Co., 
< Research Laboratory, 
Schenectady, 
F New York. 
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BIOCHEMISTRY 


Action of a Bacterial Dextranase on 
Branched Dextrans 


SEVERAL mould species}? and strains of Bact- 
eroides? have been shown to secrete dextranases 
which hydrolyse, to different degrees, dextrans of 
vamouws branched structures. Although glucose, 
dsomaltose and isomaltotriose'-? have been shown to 
be among the main products of the hydrolysis, no 
oligosaccharides. containing the glucosidic branch 
linkages have so far been identified in the enzyme 
hydrolysates. Recently, several rumen strains of an 
organism, closely resombling Lactobacillus bifidus', 
were found to secrete a dextranase which hydrolysed 
an unbranched Streptococcus bovis? dextran to a 
mixture: of ésomalto-triose, -tetraose, -pentaose and 
-hexaose®, The enzyme also hydrolysed a dextran 
(produced by Leuconostoc mesenteroides, Birmingham 
strain) containing 12-15 per cent of #-1,3-branch 
links? to a mixture of tri- and higher saccharides, 
which were not examined further. We have now 
investigated the oligosaccharide mixture produced by 
the enzyme from this and other branched dextrans. 

Solutions were prepared containing dextranase® 


“(10 mgm.), purified? dextran (30 mgm.), and citrate. 


“buffer (0-2, pH 5-5, 5 ml.). 
=. above composition, containing unbranched S. bovis 
dextran, was used as a control. The solutions were 
ine Pokies under toluene at FrN for 36 hr., after 


A solution of the 














and ratdl und by paper ae. 
y the ethyl acetate, pyridine, acetone, 





sugars ae è located with silver nitrate’, Intense spots, 


corresponding to isomalto-triose, -tetraose and -penta- 


se, were present on chromatograms of all the 
“ydrolysed ¢ sores In addition, eee ale ee of 
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TRIOSE— -PENTAOSE DETECTED IN 


‘containing unbranched S. bovis dextran. 


t- which there appears to be ad 
boy composition of the saccha: 


Ht 
vi 
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ION TO isoMALTo- 
DEXTRANASE-DEXTRAN DIGESTS 


Table 1. POSSIBLE OLIGOSACCHARIDES IN ADDITI 























sulatum ; 10 per 
cent a-1,4- (ref. 
12) 


heptaose?++, 

actacse?*, nonas- i 
oset and unresolved 
higher riie 


POR organism East- E Fast- 
i and type of branch | moving | moving | Saccharides of Re < 
l ink | tetraose | pentaose | Goa openanee 
ence nam a 
ia. ) 8. bovis; un- | absent | absent | isomalto-hexaose**+, 
i branched (ref. 5) | | -«heptaose*+ 
(2) L. mesenteroides trace | trace | isomalto-hexaosett, 
(Birmingham); | pea -heptaoset 
modified, 2 per | | 
cent a-1,3- (ref. 9)! | 4 
1 (3) A mesenteroides Post of eet intense unresolved - 4 
(Birmingham); | : ; mixture Re < iso- 
i 12-15 per cent | | i maltopentaose 
a-1,8- (ref. 7) | | 
La $) L. mesenteroides trace trace possible hexaose® E 
] (NRRL | Si heptaoset?+, 
B512); Sper | octaosett 
| een a-1,3- (ref. | | 
| 5) IE ETEA / trace | traee possible hexaoset**, F 
vermiforme ; p heptaoset?, R 
| 5 per cent a-1,3-, octaose** | 
5 per cent a-1,4- | Ans 
(ref. 11) a 
(6) e cap- | absent | 
| 


| 

| 

7 
absent | possiti kakaca ty 


rerien aae eama pana ar nane 


Gradings allocated on the basis :. trace, just visible: 
visible ; +++, definite black spot 
maltotriose spot wat fee wf whe fe of 


+a clearly 
Under the conditions used eee 


The three main components in the digest have 
been shown, by movement in five solvent systems 
and reaction with four spray reagents, to be chromato- 
graphically identical with csomalto-triose, -tetraose °- 
and -pentaose, respectively. It seems likely, therefore, 
that the two extra saccharides contain, in addition 
to «-1,6-links, the &-1,3-branch links of the original | 
dextran. Their absence from the control digests seems _ | 
to rule out the possibility that they were formed by = ©. 
an enzymic transferase action on the gomaltodextrings | 
produced in the digests. Attempts are now being 
made to elucidate the structure of these two sugars. 
As the dextranase has been shown to hydrolyse. 
ésomalto-heptaose and -octaose, the mass of higher 
saccharides. present in the: branched dextran digest. 
probably also contains «+1,3-branch links which pre- 
vented their further hydrolysis. Two acid-degraded 
specimens of the branched” Leuconostoc dextran, 
mol. wt. 300,000 and plasma grade, were also treated 
with dextranase. The satne two extra saccharides: ° 
were detected on chromatograms of the digests at 
possibly lower concentrations. The three zsomalto- 
dextrins and the unresolved mixture of Rg < iso 
maltopentaose were also-present. | 

Several other dextra ick 
have been examined. hemical methods, wer 
treated with the dextranase and the hydrolysate 
examined by paper chromatography. The results, 
with those already obtained, are listed in Table l, 

It appears that L. bifidus dextranase igwaunable to _ 
cleave branching links in dextrans. This is not 
surprising as the organism was cultured in a medium 
The mix- 
ture of saccharides produced seems to depend not only 
















on the type of branching, but also on the degree 


of branching; compare dextrans Nos. 3 and 4 in 






efinite difference in the 
e mixture of Ry < iso- 
maltopentaose. Another dextran, produced by 
L. mesenteroides (N.R.R.L., B742) and containing 
36 pér cent of «-1,3- and a-1, 4- links", was also treated 
with the enzyme. This des tran was not ei han 
i the dextranase, a re 




















by ATA strain (N, R. R.L.-8742-LB) of this organ- 
iam. The possibility that dextranases produced by 
L. bifidus and other organisms may be of help in 


‘éstablishing the structures of dextrans is being 





©" investigated further. 


This work was carried out as part of a programme 
of research supported by the Department of Scientific 
and Industrial Research and directed by Prof. E. J. 
Bourne. Thanks are due to Dr. A. E. James, of 
Glaxo, Ltd. (Barnard Castle), for the gift of the 
samples of degraded Leuconostoc dextran. 


R. W. Barry 
D. H. Hurson 
H. WEIGEL 
Chemistry Daia 
Royal Holloway College, 
* University of London, 
Englefield Green, Surrey. 
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e Ubiquinones and Ubichromenols in 
the Rat 


UBIQUINONE, a naturally occurring quinone of 
considerable biological interest, was first isolated by 
Morton et al., who found it in many kinds of animal 
tissue. Lester et al.* have shown that a series of 
such quinones exist, and have isolated, from different 
organisms, five compounds of general formula : 


CH, 
S Je d 
(CH, CH =C—CH, wH 





_CH,O 


differing from each other by single isoprene units 
== 10, 9, 8, 7 and 6). Further studies’ suggested 
that ubiquinone 50 (n = 10) was the normal quinone 





in higher mammals, but Riiegg et al.* have recently 








shown that rat liver contains ubiquinone 45 (n = 9). 

By 
fraction of rat tissues may contain up to six sub- 
stances. These are the isoprenologues, ubiquinones 
50, 45, 40 and 35 and two other quinones, one of 
which has been tentatively identified as dihydro- 
ubiquinone 45 (side-chain reduced), whereas the 
second is an unsaturated substance of greater mole- 
cular weight than ubiquinone 50, and possessing a 
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the use of analy cal procedures deseribed D 
elsewhere’, we have now found that the ubiquinone a 





May 14, 1960 vou 120 


distinctive ultra-violet spectrum with sharp absorp- 
tion peaks at 252-5, 259, 267-5 and 271-5 muy. 
The six substances do not usually occur together. 
Rather, two distinct patterns are found. One, in 
which only ubiquinones 45, 40 and 35 are present, 





has so far only been found in the tissues of older 


rats, more than 12 months of age. The second 
pattern, in which all or some of the other three com- 
pounds occur together with ubiquinone 45, is always 
observed in younger animals and sometimes in the 
older ones. In most of the 14 tissues so far studied, 
ubiquinone 45 is the predominant quinone. Although 
we do not vet understand the significance of the two 
quinone patterns, it seems that (at least in rats of 
our Norwegian hooded strain) they only vary in a 
quantitative manner from organ to organ. Thus we 
have never observed ubiquinone 50 in the same 
pattern as ubiquinone 40 in the tissues of our animals. 
There may, howevér, be strain differences, since in 
rats of another stram, we have seen an occasional 
mixed pattern containing five quinones (including 
the unidentified quinone referred to above). Our 
investigations of the quantitative relationships and 
the influence of dietary and other factors on these 
quinone patterns will be reported elsewhere, 

The discrepancy between the melting points given 
by Lester et al.* for ubiquinones 50 and 45 (49-9° 
and 45-2°, respectively) and those given by Morton 
et al. for specimens isolated from “different sfurées”’ 
is still unresolved, and it has been suggested’ that 
the preparations of Morton et al. contained artefacts 
caused by replacement of methoxyl by ethoxy] 
groups during the preliminary purification with 
ethanolic alkali. However, in view of our present 
findings, it seems possible that, since Morton et al. 
used rat liver as one of their sources, their melting- 
point data may be sufficiently explained by the 
likelihood that they were dealing with mixtures. 

The recent demonstration by Laidman eż al.’ that 
substance SC is a cyclic isomer of ubiquinone 50 
(which they have called ubichromenol) suggests a 
biochemical relationship between the two compounds. 
We have now found that the mixture of ubiquinones 
in rat tissues is almost invariably accompanied by a 
similar mixture of ubichromenols, although—because 
of chromatographie and identification difficulties—it,, 


is not always possible to detect the ‘completely. gon 


corresponding series. So far, we have tentatively” 
identified ubichromenols.. 50, 45,40 and 35 and 
observed that these substances are. only. normally 
present if the preparation: contains the corresponding 
isomeric quinone or mixture of quinones.... “Thus” 
ubichromenol 50 is not found in preparations that 
contain the 45-40-35 pattern of* quino 
chromenol 45 is usually the main ch omenol 
but the patterns can be varied under.suitabh 
mental conditions (these are at. pres 

The ubiquinones were. identified b 
and paper chromatographic yi or 
with known markers. The ubichromenols and dihydro 
ee 45 were Gharastorized shy : 
























eer nee may te an 
biological systems, perhaps thro 
dihydroquinones. Further work (to 
confirms this concept and has demo 
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synthesis of ubiquinone is, contrary to the find- 
ings of other workers*,*, significantly affected by 
vitamin E. « 
` A. T. DIPLOCK 
E. E. EDWIN 
J. GREEN 
J. BUNYAN 
S. MARCINKIEWICZ 
Walton Oaks Experimental Station, 
Dorking Road, 
Tadworth, Surrey. 
1 Morton, R. A., Wilson, G. M., Lowe, J. 8., and Leat, W. M. F. 
Chem. and Indust., 1649 (1957). 
r, R. L., Crane, F. L., and Hateñ, Y., J. Amer. Chem. Soc., 
80, 4751 (1953). 
* Lester, R. L., and Crane, F. L., J. Biol. Chem., 234, 2169 (1959). 


R , R., Gloor, U., Goel, R. N., Ryser, G., Wiss, O., and Isler, O., 
. Chim. Acta, 42, 2616 (1959). 
_ * Diplock, A. T., Green, J., Edwin, E. E., and Bunyan, J., Biochem. J. 
“(in the press). 


* Linn, B. O., Trenner, N. R., Shunk, C. H., and Folkers, K., J. Amer. 
= Chem. Soe., 81, 1263 (1959). 

* Laidman, D. L., Morton, R, A., Paterson, J. Y. F., and Pennock, 
J. F., Biochem. J., 74, 541 (1960). 

* Moore, T., Nature, 184, 607 (1959). 

* Morton, R. A., and Phillips, W. E. J., Biochem. J., 73, 427 (1959). 


Identification of Ilsomeric Chondroitin 
Sulphates 


Cão DROITIN SULPHATE occurs in three isomeric 
forms, A, B and C (see review by Hoffman et al.'). 
Mathews? has recently found the pK values of the 
carboxyl groups of chondroitin sulphate 4 and 
chondroitin sulphate B to be 3-1 and 3-5-3-6 
respectively. In addition the A and B isomers have 
very similar electrophoretic mobilities in free solution 
at pH values of 2, 3 and 7. Results for chondroitin 
sulphate C were not given. 

This communication describes the results of 
experiments on the ionophoretic behaviour of the 
three compounds on paper. Using buffers of varying 
compositions and pH (pH 2-3, 5-5, 6-0, 9-0 and 9-5), 
chondroitin sulphate C was found to have a con- 
sistently lower mobility of 0-9 times that of either 4 
or B isomeric forms. The latter was found to have 
the same mobilities in all the buffers used. Analyses 
of the chondroitin sulphate A and chondroitin 

. Sulphate C used in these experiments have been re- 
r previously ; they contained negligible amounts 
4 of protein (0-5 cent)’. Additional preparations 
of the A form wefe made from bovine nasal septum 
and were “found to have identical ionophoretic 
: ng i 2 that isolated bovine trachea. The 
4 dly supplied by Dr. A. Dorfman. 
| When mix of the isomers were subjected to 
ping ee lg bar could not be obtained 
(Fi sion of the path of migration from 
20 em. to 28 did not facilitate the separation of 

>J ization of chondroitin sulphate C 
„brief treatment with testicular hyaluron- 
idase* did not alter its mobility relative to chondroitin 
phate 4. Similar results were obtained when 
| ( or the calcium salts of the A and C 









previously that forms A and C 
by a cell-free extract of embryonic 
age The extract is relatively saturated 
itin sulphate A and little effect on the 

. ` 
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onophoresis of chondroitin sulphate A (A), 
te © (C) and a 
sodium phosphate, pH 6:0 
at 9-7 V.jem. for 4-5 hr. 2°5 wl. of a 3 per cent w/v solution 


Fig. 1. Paper ! 
chondroitin sulphate B (B), chondroitin sulpha 
mixture of isomers A and C in 0:05 M 


(Schleicher and 
toluidine blue 


incorporation of (sulphur-35) sulphate into chond- 
roitin sulphate resulted when the A isomer was added 
to this extract and the mixture incubated with 
adenosine triphosphate and (sulphur-35) sulphate. 
Addition of the C isomer, however, caused a marked 
stimulation of incorporation of sulphate into chond- 
roitin sulphate. A type- i 
was evident. By removal 
acid mucopolysaccharides 
extract by treatment wit 
synthesize chondroitin sulphate was lost but was 
restored by addition of the A or C forms. Chondroitin 


each jsomer a ed to pa hull 3B). 
ppii Sst E. ait 







‘the normal content of 
the chick cartilage 


c priming mince a 


protamine, the ability to. 


Fra 


ve 
ti 


t> 
? 


sulphate B, which does not occur in cartilage’, . * 


could not replace the A or C isomers but did show 
some priming power which was perhaps due to small 
amounts of the A or C isomers possibly contained in 
the preparation. Addition of A or C isomers to the 
enzyme system treated with protamine should result 
in synthesis of the corresponding isomer if the type- 
specific mechanism of priming action is correct’. 
Since the pure isomers A and C of chondroi 

sulphate have different ionophoretic mobilities, eae 


in + 
possible to test this theory. Results of such an -A 


ment are shown in Fig. 2. The (sulphur-35) chond- 





+ = aa : 


Tie 2 ee the lonophorsiogrema and the corresponding radio- 
au hs obtained with the chondroitin sulphate isolated from 
normal incubations (ref. 3) in the presence of 10 ye, (sulphur-35) 
sodium sulphate, 0-4 mL of p ine-treated chick cartil 

extract and 2-1 mgm. of the sodium salts of each chondroitin 
sulphate isomer. After incubation, the tubes were heated at 
100° for 1 min., cooled, centri and the chondroitin sulphate 
isolated by precipitation with ‘Cetavlon’ in the presence of 
sodium sulphate. Each sample was dissolved in 0°5 ml. of 10 per 
cent w/v sodium chloride and the free chondroitin sulphate pre- 
cipitated by the addition of alcohol (1°5 vol.). The precipitate 
was dissolved in 0-1 ml. of water and 10 wl. applied to papo for 
ionophoresis in 0-025 M citrate buffer, pH 5-5, at -Y „lem. 
for 4 hr. The metachromatic zones are more diffuse pared 
with Fig. 1, due to the larger amounts of material applied to 

e paper 


—_ 


* 





roitin sulphate isomer synthesized 
< by the enzyme extract is demon- 
l strated by the radioautographs and 
_ “these zones correspond to the 
© isomer added to, and isolated from, 
the incubation mixture as shown by 
the metachromatic zones. This is 
conelusive proof for the. specificity 
of the enzyme~-substrate relation- 
ship. 

One consequence of these results 
is applicable to the study of the 
types of chondroitin sulphates 

being actively formed by particular 
tissues” Rather than attempting 
to isolate, fractionate and identify 
the chondroitin sulphates from the 
relatively large amount of tissue 
normally required by this proce- 
dure, it should be possible to 
ee prepare an enzyme extract from 
nall amounts of such tissue, free 
coo cit of its constituent «acid muco- 
“polysaccharides and. determine 
a. whieh type or types of chondroiti in 
 .» sulphate are synthesized by observ- 
= ing the effects of addition of the 
. three isomers. Alternatively, to 
« determine whether isomer A and/or 
C is synthesized, a crude prepara- 
tion of the constituent acid muco- 
polysaccharides can be isolated 
from the. tissue in question and 
tested with the embryonie chick 
cartilage, extract in the presence and absence of 
excess: amounts of the A and C isomers. It is 
-intended to apply this type of investigation to the 
- study of stromal elements associated with certain 


“humours. 
J. B. ADAMS 
Special Unit for Investigation and Treatment, 
New South Wales State Cancer Council, 
Prince of Wales Hospital, 
Randwick, New South Wales. 
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Biosynthesis of Colchicine 

Or several proposals'* concerning the biogenesis 
coo of the alkaloid colchicine (6; R, = R, = Me), only 
> that of Wenkert‘ involves the ‘intervention of an 
intact tropolone ring prior to formation of ring B. 
I now wish to suggest that a radical pairing 
St reaction (4-+5) involving one-electron oxidation of a 
oa _ tropolone ring might well represent the crucial stage 
in the elaboration of the tricyclic system. In support 
of this view I may mention that radical substitution 
“has been observed in the. case of diazotized 5-amino- 
tropolone®. Also, the occurrence of partially methyl- 
-ated alkaloids*.” in Colchicum species (for example, 
5; R, = H; R, = Me) and the unlikely intervention 
of the C—O >C, change at aromatic levels: would 

seem to be in accord with the present proposal. 
It may. also be conceivable that the genesis of 
purpure gallin from pyrogallol? involves a radical- 
The conversion of the former 








pairing. reaction’. 
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compound to the acid (2) takes place under biochemic- 
ally acceptable conditions!®*, The biosynthesis of (4) 
has many possibilities of which only one is suggested 
herein. Experimental confirmation of this concept is 
being sought. 
A. I. SCOTT 
Chemistry Department, 
The University, 
Glasgow, W.2. 
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Stoll’, 144 (Basel, 1957). 
? Belleau, B., Buperientia, 9, 178 (1953). 
2 aa non A. ia. quoted by Sir R. Robinson, Proc. Roy. Soe., A, ok . 
t Wenkert, os Experientia, 18, 165 (1989). : eer 
’ Nozoe, T., in Fortschritte Chem. Organ, Naturstof 232 (1986), ; 
* Bellet, P., Amiard, G., Pesez, M., and Petit, Ann, pharm. Frane., 
10, 241 (1952). - 
Santavy, F., and Reichstein,, T, Helv. € Thim: Acta, 33, 1606 8 (3950), E 
and later papers. poi 
* Bentley, R., Biochim. Biophys. Acta, 29, 666 dossi” 
2 Pauson, P, Í, Chem. Rev., 55, 9 (1955). Too i 
1 Critchlow, A., Haworth, R. D., and Panusod, P: L., J. Chem. “goé, 
1318 (1951). ? 


in “Festschrift Arthur 








: Ass 





MARR E from primary and i a hepato: T 
cellular hepatomas, in contrast. to their aie a 
counterparts from liver, do not swe Lk 
extent in the presence of thyrox 
evidence?~! that both the spontane 
induced swelling of liver mitochg 
dependent upon respiration {tha 
dizable substrate is added, upon 
strate and co-enzymes) has ‘led us 
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effect of ER on the swelling of the tumour 
particles now incubated in the presence of succinate. 
_ Previous investigators** reported that several 
oxidizable substrates, including succinate, markedly 
and instantaneously accelerated the swelling of fresh 
liver mitochondria from the rat. However, in our 
=- control experiments carried out with freshly isolated 
(0-3 M sucrose) mouse and rat liver mitochondria 
_-under similar conditions, the latter effect, as far as 
succinate (5 xX 10-4 M) was. ‘concerned, has never 
sen observed. On the contrary, in the suspensions 
‘3 M sucrose containing 0:02 M tris (2-amimo-2- 
ydroxymethylpropane- 1; 3-diol chloride), pH 7:4, 
22 41°C.) in which spontaneous swelling occurred, 
jecinate. prevented the latter completely during at 
t 40 min. Hereafter the protection changed into 
a sudden acceleration of the swelling so that in a 
_ relatively short time (approximately 20 min.) a 
`- decrease of 50 or more per cent in the O.D.526 
~~ (O.D.s20, optical density at 520 mp) took place. 
-In addition to recording the decreases in O.D.526 
- @8 a measure of swelling, mitochondrial samples 
were examined under the phase contrast miero- 
~geope and the fall in O.D.,., was always found to 
be accompanied by the typical signs of swelling. 
Obviously, then, in our hands the swelling of the liver 
mitochondria in the presence of succinate was con- 
ditidhe® by some ‘change’ occurring during the 
incubation at room temperature. 
¿o Since direct and indirect evidence*-§ shows that 
phosphorylating or mitochondria containing adenosine 
_ triphosphate do not swell, it was thought likely, in 
= wiew of the absence of magnesium and adenine 
nucleotides from the medium, that the above ‘change’ 
was related to the abolition (of one of the inter- 
mediate reactions’) of oxidative phosphorylation, 
perhaps as a result of the loss of endogenous adenine 
nucleotides. If this consideration contained an 
element of truth, the alleged change might be 
“accelerated by subjecting the mitochondria to ageing™ 
and, as long as it was not irreversible, counteracted 
by the addition of adenine nucleotides in a sufficiently 
low concentration (10-5 M) as to make any chelating 
effect of the latter unlikely. Keeping the mito- 
chondria during 3 hr. at 0°C. in 0:3 M sucrose 
reduced the time of protection afforded by succinate 
© against the spontaneous swelling on subsequent 
“Incubation in the 0-3 M sucrose-0-02 M tris medium 
to about half the value found for the fresh particles. 
The outburst of swelling which then set in, and also 
«the later: one occurring in the fresh preparations, 
. could be prevented (or at least markedly delayed) by 
- the simultaneous presence of adenosine monophos- 
_ phate.and adenosine triphosphate (10-* M each). 
a When,. following the 3 hr. at 0° C., the mitochondria 
had in addition been.held in 0-3 M sucrose at 37° C. 
_ during 10-15 min., succinate momentarily accelerated 
<o the swelling and the adenine nucleotides showed 
~ -geareely, if any, retarding effect on the latter process. 
The effects of succinate under the various experi- 
. mental conditions were always abolished by malonate 
(10-3), pointing to the paramount role of succinate 
~ oxidation in the two kinds of effects, that is, 
_. the -protection against and the acceleration of 
__ swelling. 
= Tf, ag has: been suggested’*, the induction of 
-< swelling by thyroxine in vitro represents an acceler- 
ation of a process which the particles are already 
< inherently capable of undergoing spontaneously, it 
ust be possible to counteract the thyroxine-induced 
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swelling by addition of succinate and the panie E 
nucleotides. The onset of the swelling produced by | 

thyroxine (3 X 10-5 M) in fresh mitochondria was 
indeed significantly delayed (10-15 min.) by succinate > 
and still more by succinate and adenosine.mono- __ 


another 10 min.). Malonate, again, prevented. this. 
effect of succinate. The retardation of the onset of 
the thyroxine-induced swelling produced. by su 
alone or together with the nucleotides was somewha 
less pronounced in the suspensions which had 
previously kept at 0°C. during 3 hr., ‘but was com- 
pletely missing in those preparations which had 
received another incubation at 37°C. during 10-15 
min. In fact, the swelling produced by thyroxine 
in the latter preparations was frequently (not always) ae 
largely dependent upon the presence of suecinate, oe 
which might have been due to the limiting amount of — 
endogenous substrate still present®. By contrast, in 

the fresh and mildly aged mitochondria the extent 

of swelling ultimately reached in the presence:of » 
thyroxine (50 per cent decrease in O.D.go9) was oo 
independent of the additions made. In view of the <= 
present observations it is of interest that Kaufman 
and Kaplan? have recently reported that, in contrast = = 
to the finding of previous investigators*,“, succinate. __ 
also inhibited the phosphate-induced swelling of the 
mitochondria. 5 

The rats and mice used in the above experiments . 
were fed ad libitum with the standard laboratory diet. — 
Starvation during 24 hr. prior to the preparation of 
the mitochondria did not change the results.. Rats 
which had been fed polished rice during several _ 
months yielded liver mitochondria of which the 
onset of swelling on incubation with thyroxine was =- 
very markedly retarded by succinate and by succinate... 
plus the nucleotides, sometimes even for 40 and $0. Ee en 
min., respectively. opna 

On account of all criteria set out above, freshly 2 
isolated liver mitochondria from rats, which had 
received an intravenous injection of a hepatoxic — 
dose of the hepatocarcinogen dimethylnitrosamine | 
(100 mgm./kem. body-weight) 20 hr. earlier, have 
been found to resemble closely liver mitochondria 
from normal rats previously aged during 3 hr. at 0°C. ° 
followed by 15 min. at 37°C. 

In view of the ‘change’ which has been postulated — 
above as conditioning the swelling of mitochondria, § . 
it is of interest that the liver mitochondria from the 
dimethylnitrosamine-treated animals showed a partly 
uncoupled oxidative phosphorylation and an increase | 
in adenosine triphosphatase activity, the manifesta- © 
tion of which was for the greater part dependent on 
magnesium. In the swelling experiments with 
normal liver mitochondria (fresh or after 3 hr. at - 
0° C.) several cases have been encountered in which | 
adenosine monophosphate and adenosine triphos- 
phate added in the absence of oxidizable substrate | 
had scarcely, if any, effect on the patterns of the 
spontaneous and thyroxine-induced swelling (especi- 
ally in suspensions containing mitochondria which 
had been kept at 0°C. during 3 hr.), or a smaller 
effect than when added in conjunction with suc- 
cinate, 

It may therefore be concluded that the process . 
which prevented the entry of water into the mito- 
chondria was dependent upon added oxidizable 
substrate and adenine nucleotides (as distinct from 
the situation in which a high concentration of 
adenosine triphosphate added singly may prevent or 























1g°,4), thus pointing to a role of oxidative 
ns in the maintenance of mito- 
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Bir swelling of the fresh particles, especially when 


_ diphosphopyridine nucleotide was also present; 
_-diphosphopyridine nucleotide (3 x 10-4 M) alone 
wag sometimes similarly actives. 
_ The difference in effect of the various substrates 
- might have been due to the fact that the phosphoryl- 
ation accompanying succinate oxidation, or an 
intermediate reaction thereof, is especially involved 
in the contraction of the mitochondrial membranes’ 
and/or to the fact that the corresponding processes 
-cof the diphosphopyridine nucleotide-linked oxidations 
are less stable’, so that in the latter case the postu- 
lated ‘change’ may occur more readily under the 
_ conditions of the present experiments, which are 
-certainly unfavourable to the maintenance of these 
integrated systems, It appears that the ‘change’ sets 


_.. the trigger for swelling, while the actual swelling is 


dependent upon the presence of substrate, that is, 
on electron transport in (part of) the respiratory 
chain?,?, 
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Presence of Protein in Some Serum 
Filtrates 


In the determination of creatinine in plasma or 
serum the method of preparation of protein-free 
filtrates is known! to influence the total chromogen 
content of such fluids. Moreover, varying amounts of 
non-creatinine chromogen in such filtrates are known? 
to be partly responsible for differences in the total 
chromogen content. 

It is generally assumed that a 1:5 ‘neutral’ 
tungstic acid filtrate (pH > 2-5), prepared as follows : 
6 ml. distilled water, 2 ml. serum, 1 ml. 10 per cent 





” sodium tungstate, 
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Imi, 0-66 N sulphuric séid, and. 
filtered through a Whe 


precipitation of proteins by tungstic acid and other 
‘protein precipitants’ consists of a series of changes 


in the protein molecule, which may, under certain . 


conditions, be reversible. For it often happens that 
more than one denatured protein is formed by the 
action of these protein precipitants on a solution — 


containing different amounts of albumins and : 
globulins. Moreover, the isoelectric points of these 


proteins are different, so that a certain proportion of 
the metaprotein so formed may remain in solution at 
any given reaction. Further, these changes often | 
consist in the opening up and extension of the highly — 


organized coiled polypeptide chains of the native - 


proteins which effect their viscosity, particle-size and 
solubility, etc. 7 

Thus, a ‘neutral’ tungstate filtrate contains a 
smail amount of protein (3-08 mgm./100 ml. serum) — 
which can be precipitated by 5 per cent phospho- 
tungstic acid in 2 N hydrochloric acid (1 ml. to 5 ml. 
filtrate). A 1:10 tungstate filtrate, prepared as 
follows: 7 ml. distilled water, 1 ml. serum, 1 ml. 
10 per cent sodium tungstate and 1 ml. 0-66 N 
sulphuric acid, contains no such detectable protein. 
It is evident, therefore, that a 1:5 ‘neutral’ filtrate 
is not entirely ‘protein-free’ but contains some 
material which has escaped total precipitation or has 
been held in solution under the conditions of pre- 
cipitation. Further, it is possible that other low 
molecular weight carbohydrate-containing proteins, 
particularly the mucopolysaccharides, may also be 
present in plasma or serum filtrates, as some of the 
acid mucopolysaccharides have a very acid isoelectric 
point. 

The protein precipitated by phosphotungstic acid 
has a concentration of 0-08 mgm./100 ml. serum 


(in terms of creatinine) in normal pooled sera. 


Moreover, since protein is ‘chromogenic’ to alkaline 
picrate solution, it is possible that some filtrates may 
contain small amounts of protein which may be 
related to the so-called ‘interfering material’ (non- 
creatinine chromogen) in the determination of 
creatinine by the Jaffé reaction in biological fluids. 
For this figure is in fairly good agreement with that 
found by Owen, Iggo, Scandrett and Stewart? using 
the NC-creatinine destroying bacteria of Miller and 
Dubost for a ‘neutral’ tungstate filtrate (1: 5). 
Further, Lloyd’s reagent, which is used to remove the 
‘interfering material’ from a serum filtrate*, is also 
widely used for removing proteins at a pH 2-0-3-0 
from protein-containing solutions. 

Thus, it should be remembered that the various 
protein precipitants differ in their ability to produce a 
plasma or serum filtrate which is completely free of 
protein, and of low molecular weight protein fragments 
{(proteoses and peptones, etc.) which can react and 
interfere with the Jaffé reaction. a, 


F. J. SCANDRETT 


Clinical Research Laboratory, 
Department of Obstetrics and Gynaecology, 
University of Edinburgh. 
Feb. 11. 
* Ferro-Luzzi, G., Z. ges, exp. Med., 94, 708 (1934). ; 


a F., and Miller, Z., Proe. Soc. Exp. Biol. N.Y., 78, 471 


? Owen, J. A., Iggo, B., Scandrett, F, J., and Stewart, C. P., Biachem, 
J.’ 68, 427 (1954). = m 


‘Miller, B. F., and Dubos, R. J., Biol. Chem. 121, 447 (1987). =< 









gh a Whatman No. 1 filter paper, is 
totally free of protein. Yet, it is well known that the 





O: 4724. 


PHYSIOLOGY 












Endocrine Control of Sexual Reproduction 
: in Opalina ranarum Parasitic in 
Rana temporaria 


‘Ir is well known that opalinids parasitizing the 
ission during most of the year. During the br 








rked by an increase in the multiplication-rate and 
> production of small forms and minute individuals. 
The latter eventually encyst and are passed out with 
— the fæces of the frog. If ingested by tadpoles, they 
:  exoyst, form. miero- and macro-gametes, and the 
resulting zygotes give rise to the multinucleated 
- opalinids in the newly metamorphosed frogs. 
-Tt has long been suspected that the stimulus for 
Inducing the change in the reproductive pattern of the 
- opalinids was related to the endocrine behaviour of the 
host. Bieniarz' found that when male Rana esculenta 
Were given injections of human pregnancy urine, the 
opalinids changed to a sexual pattern of reproduction 
resulting in the production of cysts. He suggested 
that the change might be initiated by the human 
oe gonadotrophin present. Cehovic* injected 

R.“esfulenta and R. temporaria with pregnancy urine, 
: chorionic gonadotrophin or frog pituitaries, and 
-< obtained cyst formation. He concluded that the 
. .-gorrelation. between host and parasite life-cycles was 
~ due to pituitary activity and probably due to the 
=u production of gonadotrophin. 

We have recently carried out a series of experiments 

on normal, hypophysectomized and gonadectomized 
R. temporaria with the following results. 

(a) Injection of cstrone or gonadotrophie sub- 
stances (concentrated or untreated pregnancy urine, 
chorionic gonadotrophin, serum gonadotrophin, sus- 
pension of frog hypophyses) to male and female 
frogs induced the sexual reproduction pattern of 
development in the opalinids—as evidenced by cyst 
production—but only in the period just prior to the 
breeding season (that is, during November—February 
in Europe) and not at other times of the year. 

(6) Testosterone propionate and adrenaline injected 
«into male and female frogs induced the sexual cycle 
' -.of reproduction in the parasites during any time of 
the year. 

(c) In gonadectomized animals, only injections of 
-.- testosterone propionate were effective in inducing the 
> sexual reproductive cycle in the parasites ; adrenalin 
~~ was ineffective. 
~ {d) In vitro, gonadotrophic hormones gave negative 

- results in all cases; but some positive results were 
obtained with untreated pregnancy urine. Some 
-cultures treated with cestrone or hydrosoluble testis 
< extract produced dividing stages and small forms, 
<o put eysts were never produced. 
=>> (e) In frogs prevented from copulating, the sexual 
reproductive cycle of the opalinids occurred in female 
=o frogs 77 days later than those which had copulated, 
~ and in the males, 82 days later. 
‘These results clearly suggest that the induction of 
<o & sexual reproductive pattern in the opalinids is 
<: related, not to the levels of gonadotrophic hormones, 
but to the levels of gonadal hormones present in the 
host. In the male frog, the evidence shows that 
testosterone is implicated. In the female frog, in 
which the origin and nature of the gonadal eee 
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are obscure’, the situation is not Ba foes eciesne. has 
been found only to induce cyst formation during the 
period just prior to the breeding season. 

There is no evidence, as yet, to indicate whether 
the gonadal hormones exert their effect on these 
Protozoa directly or whether it is their breakdown 
products which are involved, or whether either of 


The effects of adrenalin injections in Amphib 


duction in opalinids during any time of the 3 
cannot be simply explained at the present phase of th 
work. The fact that it failed to induce cyst formation 
in gonadectomized frogs suggests that its action in — 
some way induces the release of sex hormones, even - 
when, in the male outside the breeding season, : 
interstitial cells are absent from the testes. _ A 
Just prior to the breeding season, keeping the frogs a 
at 8-12° C. induced cyst formation. That this result 
is attributable to the induction of early sexual __ 
maturity in the host and the subsequent release of the 
gonadal hormones may be shown by the fact that, o o=) 
during the summer, maintaining frogs at 20° C. failed” 
to induce cyst formation, although injections of Be 
testosterone propionate induced the sexual cycle m= 
the Protozoa, as at other times of the year. ae 
Dr. Elspeth McConnachie* has kindly sent us the 0o 
text of manuscript (in the press) in which she describes: 
the induction of cyst production in Opalina by injec- 
tion of frogs with chorionic gonadotrophin and 
frog pituitary extract. Although no experiments 
were carried out with the gonadal hormones, she 
concludes on theoretical grounds that the factors” 
provoking encystation are probably the gonadal 
hormones. 
M. Ex Morry 
Department of Zoology, 
Alexandria University, 
Egypt. 
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Dipeptidase Activity of Brain 


AVAILABLE knowledge on the dipeptidase activity | 
of brain is limited to the enzymatic hydrolysis of 
Detailed studies by Pope et al. 
have dealt with the intralaminar distribution of 
dipeptidase activity towards Di-alanyl-glycine in the 
cerebral cortex of rat}? and man’. Our own studies 
on proteolytic activity of brain led to a systematic 
inquiry into the existence of any selective or prefer- 
ential dipeptidase activity of brain towards any > 
particular dipeptidase structure. The present pre- 
liminary report deals with the systematic quantitative 
differences observed in the hydrolysis of the series of 
N-glyeyl-dipeptides by mouse brain. 

Freshly removed brains of adult Swiss albino mice 
were frozen on a glass slide placed on dry-ice, and 
immediately trimmed with a razor to remove the 




















<=> eollieular level) to yield a standard-size block which 
was then cut into frontal sections of 75u thickness 
ona freezing-microtome.. Alternate sections were 

- collected for total dry weight: Sections were im- 
~- mediately transferred to a chilled weighing-bottle 
_. containing 30 per cent glycerol in 4 per cent phosphate 
buffer at pH 6-97, and extracted overnight at 2°C. 
with. occasional gentle stirring. This extraction 
‘procedure, similar to that used by Pope et al.?, yielded 
+ viscous, clear solution after centrifugation and 
‘filtration. through sintered-glass micro-filters. To 
60 yl. of extract in micro test-tubes 50 ul. of peptide 
solution (1-25-5-0 umoles in 0-003 N sodium hydrox- 
` ide) was added. After mixing by ‘buzzing’ on the 

_ shaft of a high-speed micro-motor, the tubes were 
incubated at 34° C. for 2 hr. together with separate 
tubes containing the same concentrations of the 
different peptides with only glycerol-phosphate 
buffer. After the incubation period, all tubes were 
chilled, 50 ul. of neutralized (phenolphthalein) 37 per 
ent formaldehyde and 4 ul. of 0-1 per cent phenol- 
phthalein in 50 per cent ethanol were added to each 
tube. The formol titration was carried out against 
0-1.N sodium hydroxide in a titration apparatus 
similar to that described by Linderstrom-Lang and 
Holter‘. The peptide and tissue blanks were sub- 
tracted from the enzyme-test values. The results are 
expressed in Fig. 1 and Table 1. The hydrolysis curve 

for pi-alanyl-glycine under the same conditions is 
presented for comparison in Fig. 1. Our observations 
indicate that the presence of a lipophilic aliphatic or 
aromatic side-chain is essential for dipeptidase 
activity in this category of dipeptides. Thus diglycine 
shows minimal splitting while all other glycyl-.- 
amino-acid dipeptides are maximally split. In keeping 

with the systematic difference, glycyl-y-amino- 
butyric acid showed no splitting (Fig. 1), while the 
enzymatic hydrolysis of the glycyl-p1i-«-amino- 
butyric acid was of the same order as the other 
dipeptides with a C-terminal pu-aliphatic or aromatic 
a-amino-acid residue. Similarly, glycyl-.-proline 
showed minimal hydrolysis under these conditions. 
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Fig. 1. Differences in peptidase activity of mouse brain dependent 

on presence of aliphatic side-chain of N-glycyl-dipeptides. The 

hydrolysis curve of Di-alanyl glycine at different peptide con- 

centrations (dotted Hne merging with curve for glyeyl-DL-a- 
= tas’ aminobutyric acid) is inchided for comparison 
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| dry weight of brain — ; 25 | 50 

| Glycyl-glycine B 0-50 | 0-85 0-72 

| Glyeybr-alanine 1-45 -40 4-47 
Glycyl-L-valine 1-48 2-32 4°50 
Glycyl-L-isolencine 1-80 2-19 4-32. 
Glycyi-L-leucine 1-50 2-50. . 493 
Glycyl-L-tyrosine 1-50 2-30: gge. 
Glycyl-L-phenylalanine | R420) 2:40 BR 
Glycyl-pL-alanine 082 1:34 | 2:80 — 

| Glycyl-pL-a-aminobuatyrice 6-90 1°45 2°78 
Glycyl-DL-valine 1-04 — 1-60 2:73. 

| Glyecyl-pL-phenylalanine 0-80 1:26 2 "200 

| 0-40 | 0-40 | 040 





* At this concentration the enzymatically released L-tyrosine pre- 
cipitates out but redissolves during the formol titration. 
L-Froline in free form. gives only 50 per cent of expected molar 
value in formol titration. 


To our knowledge the existence of such structural 
requirements in the substrate was unsuspected for 
brain dipeptidase activity. 

The same quantitative differences were observed 
when freeze-dried sections of mouse brain were 
extracted with 30 per cent glycerol in phosphate 
buffer, as well as when the peptides were incubated 
in the presence of fresh brain tissue slices in the 
glycerol-phosphate buffer solution without erftri- 
fuging off the slices to obtain a clear extract. In each 
instance the hydrolytic cleavage of each dipeptide, 
or lack of splitting, into component amino-acids was 
confirmed by paper chromatography. Incubation at 
37° C. gave results identical with results of experiments 
carried out at 34°C. 

Studies on a wide spectrum of related di- and tri- 
peptides will be published in detail elsewhere. 

This research was supported by a grant (B~712 05) 
from the National Institute of Neurological Diseases 
and Blindness, U.S. Publie Health Service. 
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Methane Exhalation in Sheep 


In view of the statements by Brody, Ritzman and 
Benedict?, and Blaxter? to the effect that the raminant 
exhales methane, it was deemed necessary to investi- 
gate the amount of methane which might be accumu- 
lated im the oxygen spirometer during indirect 
calorimetry experiments with sheep on full rations. 

Appropriate arrangements were therefore made for 
gas analyses to be carried out by the Dominion 
Physical Laboratory at Wellington. On March 3, 
1957, seven animals maintained on hay, crushed oats, 
and peas were chosen at random and each in turn was 
attached to the oxygen spirometer in the normal 
manner until if had exhausted one half the reservoir 
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apacity——a period of about 10 min. The gas remain- 
ing in the spirometer was then collected and analysed. 
The results of the analysis of these samples are 
presented in Table 1. 


Table 1. RESULTS OF ANALYSES OF GAS SAMPLES DRAWN AFTER THE 
SHEEP HAD EXHAUSTED HALF THE RESERVOIR CAPACITY OF A CLOSED 
ae CIRCUIT OXYGEN SPIROMETER* 

Sheep No. 7 8 10.20 2 5- Xx 
Methane 0-30% 005% 015% 20% 0-15% 0-15% 0-05% 
Hydrogen (0-02% or less) ( not found ) 


Hydrogen was included by the Dominion Physical Laboratory 
is presented here for general interest, 


“There was no possible way in which the methane 
ould have entered the spirometer other than from 
he lungs of the sheep. However, in view of the fact 
-tracheotomized sheep some of the eructated 
ases flow back down the trachea—this was believed 
) be an original observation—the presence of traces 
of methane in the pulmonary system may have been 
_ due to residues from previous eructations. As the 
_ spirometer graphs used cannot be ruled to a greater 
_ accuracy than 0-05 L, a possible volume error of at 
-= the most 3 ml. of methane per 5 min. is considered to 
_. be low enough to be ignored in these experiments. 
This work was supported by the Research Commit- 
otee of the University of New Zealand. Particular 
thanks are due to the Director of the Dominion 
Physical Laboratory, Wellington, for offering the 
-nectssttry laboratory staff and facilities. 
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Erythropoietine Production in the Dog 


AN erythropoiesis-stimulating factor has been 
=. reported present in the plasma of numerous animals 
< including the dog!. The dog, although readily 
available and a convenient source of relatively large 
< volumes of plasma, has been utilized sparingly*. 
< The present study was made in order that the hamo- 
_ poietic factor might be determined in the dog follow- 
-. ing exposure of the animal to various experimental 
procedures which are known to affect production of 
-< the factor in other species. 
-o Five normal adult mong: əl female dogs were placed 
in each of the following donor groups and subjected 
to the procedure indicated: group l, untreated, 
© healthy animals used as controls; group 2, hemor- 
<o rhage, 20 ml /kgm./day for 4 days; group 3, 
-phenylhydrazine hydrochloride, 2-5 per cent, ad- 
justed to pH 7-0, administered subcutaneously, 
. 47-5 mgm./kgm./day, until the hemoglobin con- 
-= centration declined to 3-5~5-0 gm./100 ml. ; group 4, 
_ the dog maintained in a closed chamber, in which 
-co the gases were mixed by a fan, with carbon dioxide 
-being absorbed by soda lime. A mixture of 9 per cent 
oxygen-—91 per cent nitrogen was admitted at a rate 
of 6 litres/min. for 24 hr. 
= > Abt the end of the experimental period, each 
. animal was bled, and ‘protein-free’ plasma prepared 
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Table 1. EFFEOT OF ‘PROTHIN-FRER’ PLASMA OF DOG on RED CELL 
VALUES IN RATS Ss 


FORA At penn ann ARUN at Antetetahee 





AVERSION clr madras ttre nmana aaan br bin bby asf ARANAN ee 








Hemo- | Haemato- | Red blood Ae 
(Mean S.E.) globin crit count fies, | 
(gm./ (per cent) {rnill./ (per cent) fob 
_ 100 mL) | emni.) POR art apna 








ae 


Donors: (1) Control, normal d 
Rats 


Ogs 
: he | 14-9-0115 | 45-G+0-30 | 8-4+0-26 
T 114-650-138 | 44-40-18 | 8-70-18 
(2) Hæmorrhaged dogs 
Rats: Before | 13-84-019 40°8-+40-S8 | 7-8 4.0-23 
After | 14-010-16* | 45-140-46* | 794014 


(3) Phenylhydrazine-treated dogs 


Rats: Before | 14-540°19 | 44040-63 oats 
After | 15-71+0-15" | 47-340°35* | 9-50-93 | 
{4) pore dogs 
Rats: Before | 13540-17 | 41-540:51 | 804019 ! 
After | 1504017% | 45-5:.0-56* 83015 

















* Indicates probability value, P < 0-01 for means ‘after’ ‘as o 
pared to those ‘before’, y AE AA 


by the methods of Borsook*, and Gordon‘. — This < 
plasma preparation, pooled from each group, was 
injected intraperitoneally, in doses of 1-0 ml./100 gm.f 
day, for 7-9 days into 200-gm. female Sprague- o =o 
Dawley rats the hæmatological values of which hag 
been determined. Terminally blood was removed by 
cardiac puncture from the 20 rats in each recipient - 
group for determination of hemoglobin, hæmatoerit, 
erythrocyte and reticulocyte values. The results in 
Table 1 indicate that the plasma from all donor 
groups, excepting that of the control animals, pro- 
duced erythropoietic stimulation in the recipients, 
Additionally, the plasma of the phenylhydrazine- 
treated group stimulated erythrocyte production. | 
In no case was reticulocyte percentage increased, 
The dog, like other animals, responds to-appropriate 
stimuli by increased production of the erythro- 
poietic-stimulating factor. pr 
This investigation was supported in part bya = 
grant from the National Institutes of Health, U.S. 
Public Health Service. | 


F. W. KINARD 
F. F. GRIFFIN, JUN. 
F. W. KINARD, JUN. 


Medical College of South Carolina, 
Charleston, | 
South Carolina. ° 


1 Linman, J. W., Bethell, F, H., and Long, M. J., J. Lab. Hlin, 
Med., 51, 8 (1958). ai ii 


* Gibelli, C., Arch, Exp. Path. Pharmakal., 85, 284 (1911). 


* Gorsook, H., Graybiel, A., Keighley, G., and Windso , E, | i 
9, 734 (1054), anid r, E., Blood, — 


t Gordon, A. 5., Piliero, 8. J., Kleinberg, W., and Freedman, H., 
Proc. Soe, Exp. Biol. and Med., 88, 255 (1954). 


Ackee Toxin: a Riboflavin 
Antimetabolite ? 


THERE has occurred in Jamaica an illness known as 
‘vomiting sickness’, characterized by vomiting, coma 
and death, which has been attributed to a toxin 
present in the ackee (Blighia sapida)-*. In the 
course of routine assay for the protein values of 
human diets, a Jamaican meal containing this fruit — 
was prepared, fed to rats, and the animals lost 26 per 
cent of their initial body-weight in 10 days. On a ` 
dry-weight basis, the meal contained 39 per cent _ 
green banana, 26 per cent salted cod-fish, 9 per cent | 
coco-nut oil, 6 per cent salted pork fat, and 20 per 
cent ackee. Despite the high total protein content . 
(17 per cent) of this mixture, it has a net dietary- 
protein value* of zero. : 


=. control. 







; er W Acree wish. 
o=— ae l [] Acker dish + vit 8 complies. 
l A Ackee dish + Ribotiavin. 
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By feeding each of the components of the meal 
separately in diets adequate in all nutrients, all were 
found to be innocuous, and the losses in weight on the 
complete meal were only prevented by supplement- 
ation with B vitamins, or more particularly with 
riboflavin (see Fig. 1). However, it is evident that 
simple riboflavin deficiency would not result in such 
an immediate and severe loss of weight’ and, further- 
more, analysis showed the diet to contain 0-28 mgm. 
riboflavin. per 100 gm., which would supply the daily 
requirement for the ratt. This suggests that the meal 


| i contained an antimetabolite of riboflavin. 


: In another experiment the ackee was added to a 
- synthetic, low-vitamin diet and was shown to produce 
a severe depression in growth-rate compared with a 
The addition of B-vitamins overcame both 
the adverse effect of the ackee and the low vitamin 
content of the diet: this is in agreement with the 
finding described above, where the toxic effects of the 
fruit could not be demonstrated with a diet con- 
taining 1 mgm. riboflavin per 100 gm. 

Feng and Kean’ have reported a protective action 
of protein to rats injected with a toxic material 
extracted from the ackee, but this work does not 
_ support their finding ; in fact, 17 per cent casein in 

the absence of riboflavin was unable to prevent severe 
~ Joss of weight and death when ackee was present in 
the diet. In addition, animals fed a low-protein diet 
adequate in B-vitamins lost 20 per cent of their 
weight in 10 days, whether or not ackee was added 
to the diet. These authors may have inadvertently 
added riboflavin concomitantly with protein in 
raising the level of nitrogen in the diet. 








` Finally we were able to « Haa: a EE of Dos: 
Maiin A extracted from ackees and have demon- 


strated that, when given subcutaneously (60 pgm. hg 








gm. body-weight), its toxic effects may be alleviated 


by simultaneous injection (120 ugm./gm. body- 
weight) with riboflavin. 
suggested from their studies with rat liver mito- 


chondria that hypoglycin 4 is metabolized to the true » 





toxic agent, and it is of interest that our sample did _ 
not interfere with the microbiological assay of — 


riboflavin. 

This work is supported by two clinical observations. _ 
Hill? has reported that many medical officers in _ 
charge of districts and hospitals throughout Jamaica. - 
noticed severe signs of riboflavin deficiency in the ~ 


majority of cases of illness in which the ackee was ~~ 


implicated, and confirmed this view during the 
epidemic of 1951. Secondly, the incidence of the 
condition has been less frequent in recent years, 


during ‘which there has been a rising consumption of | | 


wheat flour®, a relatively good source of riboflavin. 
This work formed part of an M.Sc. thesis by one 
of us’ and is being continued with the view of 
establishing the mode of action of the antimetabolite. 
We are indebted to Prof. C. H. Hassall and Dr. 8. J. 
Patrick for samples of hypoglycin A. 
H. C. Fox 
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RADIOBIOLOGY 
Czsium-137 in Spray-dried Danish Miik 


THE cesium-137 content in Danish spray-dried 
milk has been measured in some fifty samples ranging 
in production time from 1949 to December 1959. 

The measurements are carried out by y-scintillation 
spectrometry using a Harshaw sodium iodide (thal- 
lium) crystal, 1} in. diameter by 1} in. thick, mounted 
in an electrolytic pure copper housing incorporating a 
quartz window. The 99-channel analyser used is of 
the analogue-to-digital conversion type built at this 
Laboratory and described elsewhere!. The resolution 
at 662 keV. is 8-3 per cent measured with a point 
source and approximately 10 per cent when a 800-gm. 
sample is counted. Fig. 1 shows sample container 
and detector im position inside the lead shield. The 
dried milk is measured without ashing or chemical 
treatment. 

In Fig. 2 the upper curve shows a typical spectrum 
after subtraction of background. The potassium-40 
peak at 1,460 keV. and cæsium-137 peak at 662 keV. 
are well resolved. No other peaks are significant. 
Sugar was used as background medium. The lower 
curve in Fig. 2 is that obtained with the cwsium-137 
standard, while the points with their standard 
deviations are obtained from the upper curve by 


De Renzo et al have | 
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acting’ the potassium-40 contribution. The 
are seen to follow the cæsium-137 standard 

fairly well. 1 count/min. under the potassium-40 

photopeak corresponds to 2-1 gm. of potassium in an 

800-gm. sample, and 1 count/min. in the cesium-137 

photopeak corresponds to 98-1 uue. of exsium-137 in 

an 800-gm. sample. 

_ The results are shown graphically in Fig. 3. 

= -The peak value up-to 1959 is about 20 puc. cæsium- 

< 137/gm. potassium, which is rather low compared to 
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iz. 2. Upper curve: spectrum of specimen after subtraction of 
ickground, Lower curve: spectrum of cesium-137 standard 
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figures given by E. C. Anderson et 
al.2, who. have measured two 
samples from Denmark and found 
52 and 74 upe. .cesium-137/gm. 
potassium respectively. ‘Their 
samples were manufactured in June 
„and September 1958. Our figures. 
seem to correspond fairly well with 
those given by K. Low and K. 
Kdwarson® for Swedish milk but. 
they are lower than the values 
quoted by Mayneord et al.* and by. 
Booker’. ee 
Maybe the relatively low content. 
of cesium-137 in Danish milk is: 
due partly to the large amount of- 
fertilizer used in Denmark. On the. 
average, 3-2 gm. potassium is used per m.? per annum 
The average rainfall is 750 mm. in Aabenraa 
600 mm. in Hjørring per annum. No strontium 
determinations have so far been carried out on our ~ 
samples. | £ 
Per GERT JENSEN 
Finsenlaboratory, Copenhagen. 
1 Jensen, P. G., et al., Nucleonics, 186, 100 (1958). 
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t Mayneord, W. V., et al, Nature, 182, 1473 (1958). 
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Mechanism of the Radiation Effect on 
the Synthesis of Deoxyribonucleic Acid 


Work on the mechanism of the radiation effect. 
upon the synthesis of deoxyribonucleic acid in human 
bone marrow cells in vitro indicated a biphasic X-ray 
dose-response curve’. To test the applicability of 
these findings to other mammalian cell systems, 
similar work has been carried out with mouse Ehrlich. 
ascites tumour cells; this system also has the 


advantage of being a more homogeneous cell popu-. a ge 


lation than bone marrow. 


Seven- to ten-day-old tumour was used; the 


ascitic fluid was immediately aspirated by syringe, — - oe 
suspended in heparinized supplemented Hanks’s +: 
solution and centrifuged at 1,200 rev./min. for 10 min. 


The supernatant was discarded and the cells re- 
suspended in a medium consisting of 50 per cent 


supplemented Hanke’s solution and 50 per cent aa a 


human serum to a concentration of 10° cells/ml. 
Aliquots of 1 ml. were then placed in 16 screw-cap 
culture vessels, of which four served as controls and 
four for each X-ray dose-level. X-rays were produced 
by a 300 kVp. resonant transformer, 1-9 mm. copper 
half-value layer at a dose rate of 475 rads/min. 
Irradiation was so arranged that all the doses were 
completed simultaneously. isC-thymidine, 0-5 
vc./ml. culture, was added immediately after ir- 
radiation and the vessels incubated for 2 hr. at 37° C. 
Synthesis of deoxyribonucleic acid was measured by 
counting the total radioactivity of washed cells on 
planchettes prepared by the method of Lajtha et al.? ; 
the number of cells per planchette was checked by 
ultra-violet absorption spectrometry. The results are 
shown in Fig. 1; each point represents the mean of 
eight experiments. 

As in human bone marrow, the curve is at least 
biphasic, though less clear-cut. A steep initial 
depression (S,) is again followed by a shallower slope 
at higher doses (S,). The mechanism by which 
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fig. 1. X-ray dose-response curve, Ehrlich ascites cells in vitro, 
Each point represents the mean of eight experiments. Vertical 
bars Indicate standard error of mean; standard deviation of 
individual experiments indicated by the short horizontal bars. 
Interrupted line from 2,000 to 10,000 rads indicates extrapolation 
of S, slope, that between 5,000 and 10,000 rads indicates dubious 
break in S, slope 


2,000 


irradiation inhibits synthesis of deoxyribonucleic acid 
is still unexplained; possibly S$, represents some 
enzymatic inhibition? and S, the inhibition of the 
template replication of the deoxyribonucleic acid 
molecule. Variation in the radiosensitivity of the 
cells sufficient to explain the curve is unlikely, as 
autoradiographic work with *H-thymidine in similar 
experiments indicates a general shift of the grain 
counts to lower levels. 

The effect of oxygen on the inhibition of synthesis 
of deoxyribonucleic acid by X-irradiation has been 
investigated for the initial (S,) slope of the dose- 

response curve. Ehrlich ascites cells were suspended 
as before and placed in flat glass Petri dishes within a 
pressure vessel. The cell suspensions were equilibrated 
for 5 min. at room temperature with either 100 per 
cent oxygen or oxygen-free nitrogen and then 
rotated for 15 min. on an inclined turntable to ensure 
full equilibration of all cells with the gas phase. 
Irradiation was carried out while the cell suspensions 
were thus being rotated (300 kVp., 0:5 mm. copper + 
I mm. aluminium added filtration, dose-rate 280 
r.jmin.). The cells were then incubated with C- 
thymidine and planchettes were prepared as before. 
The results are shown in Fig. 2; at doses of both 800 
-and 2,000 rads (measured by ferrous sulphate), there 

. was a markedly greater inhibition of the incorporation 
of 4C-thymidine in the oxygenated suspensions. 
The ratio oxygen/nitrogen averaged 2-9. 
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Fig. 2. ‘Oxygen effect’, radiosensitivity of S, component. Each 
point at a given X-ray dose-level represents an experiment with 
quadruplicate controls 


Fig. 3. Inability of 37 atm. argon + 1 atm. air to simulate 

anoxie conditions in monre radiosensitivity of S, eomponent. 

-o Bach point at a given X-ray ose-level represents an experiment 
od with quadruplicate controls 
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and Howard! noted «that inert - 
sure dt > presence of normal 
atmospheric concentration ofoxygen could simulate _ 
anoxic conditions in modifying radiosensitivity of  — 
several cell systems, ding the production ‘of 
abnormal anaphases in Ehrlich ascites cells. These — 
cells show an ‘oxygen effect’ of a factor of 27-371 as 
demonstrated by Deschner and Gray*. To test an 
inert gas in this system, argon at 37 atm. + 1 atm. air 
was introduced over normally aerated cell suspensions | 
in a pressure vessel and the vessel then rotated on the 
inclined turntable for 15 min. The control (oxygen) 
suspension was equilibrated for 5 min. with’100 per 
cent oxygen bubbled through water, then the vessel 
was rotated as before. The suspensions were irradiated _ 
and incubated as above. The results are shown in 
Fig. 3; the radiosensitivity in air + argon did not 
differ from that in oxygen at either dose-level. 

The difference in the absolute values of the depres- 
sion of deoxyribonucleic acid synthesis in oxygen 
between these experiments and those of Fig. 2 may be 
ascribed partly to the fact that the earlier experiments 
were performed with dry gas (permitting additional .. 
damage to the cells by dehydration and consequent ~ 
hypertonicity of the medium), whereas in the latter 
water-saturated gas was usedi: It is significant, 
however, that in each experiment where both 
oxygenated and nitrogenated suspensions of the same 
tumour received identical treatment with he ex- 
ception of the gas used, there was a marked difference 
between radiosensitivity ,in the two gases. By 
contrast, in the experiments in which oxygen and 
air + argon were used, there was no difference in 
radiosensitivity at either dose-level. The degree of 
depression shown in the dose-response curve in Fig. | 
suggests that the cell system was ‘anoxic’, as would 
be expected from the findings of Deschner and Gray’, 
and that due to the closed systern (rather than open 
Petri dishes) the cells were not additionally damaged 
by dehydration of the medium. i 

These experiments re-affirm the multiphasic (S,, 
Sa) X-ray dose-response curve for the synthesis of 
deoxyribonucleic acid. They also indicate the 
dependence on oxygen of the radiosensitivity of the 
S, process ; experiments to determine whether the S, 
process is similarly dependent on oxygen are in- 
progress. The failure of inert gases to modify this 
response suggests that it is not due to effects at an 
intranuclear lipid interface where the inert gases 
have been postulated to act*. 

These experiments were supported by a grant from 
the Medical Research Council; one of us (R. J. B.) 
is British-American Exchange Fellow of the American 
Cancer Society. | 
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BIOLOGY 


Golgi Bodies and Golgi Zones in 
Molluscan Oocytes 


Iy the cytoplasm of the oocytes of Aplysia depilans 
L. (Mollusea, Opistobranchia), during the first phases 
of growth, a large quantity of Golgi bodies or dic- 
tyosomes can be found. Such bodies can be observed 
with the optical microscope with the silver impreg- 
nation methods and they are generally arranged 
along a bent line (Fig. 1). The same bodies can also 
be observed with the electron microscope (Fig. 2), and 
in this instance they show a closed system of double 
parallel membranes (Fig. 5) and not an open system, 
as generally observed by previous authors. Inside 
these bodies! there are vacuoles with a clear content 
and vesicles with a dark content, which correspond 
to similar structures of the open system. In the 
oocytes of Aplysia vitellogenesis takes place following 
a radical transformation of Golgi bodies into yolk 
globules, as already observed by Parat* in Aplysia 
punctata. 

Electron microscope observations showed that the 
following growth stages of such globules take place 
by means of peculiar particles which are character- 
ized by a central clear zone and by a peripheral zone, 
that ie, composed of dark granulations with a dia- 
meter of about 300A. The particles arrange them- 
selves around each globule in the shape of a half- 
moon (Fig. 4), which is evident also 
in silver method preparations as 
observed with the optical micro- 
scope (Fig. 3). When the globules 
have reached their maximum in 
growth, these particles are no longer 
present, but a semi-lunar globule 
can still be observed (Fig. 6). It 
differs, however, from the previously 
cited half-moon as it cannot be im- 
pregnated by silver methods and it 
shows different ultrastructural pecu- 
liarities (Fig. 6). The further 
phases of vitellogenesis in Aplysia 
have been reported in earlier com- 
munications*,*, 

In the oocytes of Patella coerulea 
L. (Mollusca, Prosobranchia) dictyo- 
somes like those of Aplysia cannot 
be found. The formation of yolk 
globules takes place from the be- 
ginning in direct connexion with 
the ergastoplasm*‘.’. This is formed 
by filaments of a thickness of about 
200 Å., which carry dark gran- 
ulations measuring about 300 A. 
in diameter. The presence of 
a semi-lunar formation around 
growing yolk globules can be ob- 
served both with the silver im- 
pregnation methods with the optical 
microscope (Fig. 7) and with the 
electron microscope. This forma- 
tion disappears when the globules 
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Fig. 1, 
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The above results demonstrate, with reference to 
the Golgi apparatus, that it is possible to distinguish 
two types of elements which are both evidenced 
through the silver impregnation. The first elements 
have been found only in Aplysia, and they correspond, 
from the ultrastructural point of view, to typical 
Golgi bodies ; the second elements, which have been 
found both in Aplysia and in Patella, show totally 
different characters. It is therefore highly probable 
that the semi-lunar zones, which surround the 
developing yolk globules, are the expression of 
peculiar physico-chemical conditions, that are con- 
nected with intense synthetic processes and favour 
silver precipitations at their level. When such 
synthetic processes come to an end, silver is no longer 
precipitated. This allows the distinction of two 
different aspects of the Golgi apparatus: one is 
represented by typical Golgi bodies or dictyosomes 
according to Grassé, Carasso and Favard*, and another 
is represented by Golgi zones, which have a different 
constitution and are connected with intense synthetic 
processes. 

Contrasting views regarding the different elements 
of the Golgi apparatus can thus be reconciled. Such 
solution was already foreshadowed by conclusions 
reached by a few authors, such as Levi? and Dalton’. 
Grassé’s® contention that the Golgi zone has no 
reality and that the Golgi apparatus is a definite 
organelle present in any cell appears thus to be 
highly restrictive from this point of view. 








Dictyosomes (d) of Aplysia depilans oocyte at the optical microscope ; Da Fano 
silver impregnation. F 


Fig. 2. The same dictyosomes (d) at the electron microscope. 


have attained their full develop- Fig. 3. Yolk globules of Aplysia oocyte at the optical microscope. Three of them are partly 


ment. Such formation clearly 
corresponds to that formed by the 
dark granulations of 300 A. in 
diameter, which are attached to the 
filaments. 


Fig. 7. 


surrounded by a silver-impregnated semi-lunar zone (s). Fig. 4. Yolk globule of Aplysia 
oocyte at the electron microscope with particles (p) grouped into a semi-lunar arrangement. 
Fig. 5. Dictyosomes of Aplysia oocyte at the electron microscope. 
of Aplysia oocyte with a very dense semi-lunar network (r) at the electron microscope, 
Developing yolk globules in a Patella coerulea oocyte at the optical microscope. 
Some of them show a silver-impregnated half-moon (V). Observations at the electron 
microscope were carried out with a Siemens’ Elmisko 


Fig. 6. Yolk globule 


Ia of the Centre for Electron 
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Structure of the Outer Secondary Wall 
on Unbleached Spruce Sulphite Fibres 


NUMEROUS investigators, in particular Emerton’, 
Wardrop? and one of us*, have reported on the 
structure of the outer secondary wall, S,, of coniferous 
fibres, In all cases, these investigations were carried 
out on fragments which had been freed from the fibres 
by some form of mechanical action. Although the 
evidence that these fragments originated from the S, 
wall is excellent, the S, wall has never been seen 
intact on the surface of a fibre. 

We are at present carrying out investigations on 
some properties of unbleached spruce sulphite fibres. 
The fibres discussed here were mechanically treated in 
a 2-litre disintegrator for 80 min. at a consistency 





Fig. 1 
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Fibre viewed and 
illuminated from 
this direction 


eS ee 
C2 dh Me a toe ee 


Fig. 2 


of l per cent. After the disintegration, the fibres 
were screened thoroughly twice to remove the fine 
fragments released by stirring. Samples of the 
screened fibres were dried on to slides and without 
further treatment examined in a microscope under 
reflected light. (Zeiss microscope, model W, epi- 


illumination IIB.) We found attached to many 
fibres typical S, fragments. In a few cases such as 
that sho in Fig. 1, the S, structure was clearly 


visible on the surfaces of the fibres. The alternate 
dark and bright lines between the fibre and the upper 
fragment are interference fringes (Newton’s rings) 
formed in the wedge-shaped gap between the partially 
unravelled S, fragment and the slide‘ (see cross- 
sectional view of fibre in Fig. 2). The presence of 
the interference fringes is strong evidence that the 
unravelled S, fragment is attached to the top Surface 
of the fibre. 

The angle between each of the two sets of fibrils 
and the fibre axis (fibrillar angle) is about 50° (tive 
measurements). The same value was obtained for 
the S, fragment in the upper portion of Fig. 1. 
Assuming that the longitudinal fibre axis of the other 
fragment is perpendicular to that of the fibre, its 
fibrillar angle is about 60°. These values agree well 
with those reported in refs. 1, 2 and 3. 

We wish to thank the Directors of Wiggins Teape 
and Co., Ltd., for permission to publish this com- 
munication. 


O. KALLMES 
J. A. S. NEWMAN 


Wiggins Teape Group Research 
Organization, 
Butler’s Court, 
Beaconsfield, Bucks. 
Nov. 10. 
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Occurrence of Falkenbergia rufolanosa 
on the West Coast of Scotland 


PERIODIC reports during the past twenty years'-* 
have noted the appearance of Asparagopsis armata 
and its associated form, Falkenbergia rufolanosa, in a 
number of localities in western Ireland and the south 
and south-west coasts of England. Although the 
southern records reported the two forms appearing 
almost simultaneously, recent evidence suggests that 
Falkenbergia is spreading round the British coasts 
more widely than Asparagopsis*-? ; and this would 
seem to confirm the suggestion of Thomas" that the 
two differ in their ecological requirements. 

Further evidence of the spread of Falkenbergia is 
seen in its appearance on the coast of Scotland. During 
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a survey of the inter-tidal zone of the coaste of the 
Hebridian island of Colonsay at the time of very low 
tides early in September 1959, filaments of a small 
polysiphonous alga showing three pericentral cells 
around each cell of the central filament were found on 
two shores: (a) intermingled with other small drift 
algae collected from the Strand between Colonsay and 
Oransay, and (b) as quite large, bright pink ‘pom- 
poms’ growing on Cladophora rupesirts in Cable Bay, 
a small sandy bay at the south-east of Colonsay, 
where, again, it occurred much intermingled with 
other small epiphytic algae such as Ceramium 
rubrum, Sphacelaria bipinnata, Lomentaria articulata 
and Achrochaehum sp. This alga agrees with de- 
scriptions given for the vegetative state of Falken- 
bergia rufolanosa’,®. The filaments forming the well- 
marked ‘pom-poms’ were short and not much 
branched except towards the tips: they had the 
appearance of young, developing axes with markedly 
active apical cells. All the plants examined were 
sterile. On several filaments, propagules of Sphacelaria 
bipinnata were attached and were developing as 
epiphytes of the Falkenbergia. 

It is hoped that other marine ecologists will keep a 
watch for further appearances of Falkenbergia in 
northern waters: it will be of considerable interest 
to see if it is followed in the Hebrides by Asparagopastis, 
or if fhe“different distribution pattern of the two forms 
receives further confirmation. 

Ers Conway 
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Perfect Stage of Sclerotium rolfsii Sacc. 


Tue perfect stage of Sclerottum rolfsts Saco. has 
been reported by several workers'-*; however, the 
conditions under which its development takes place 
have not been investigated thoroughly. An attempt 
was therefore made to find out the various nutri- 
tional and environmental factors which affect the 
development of the perfect stage. 

The fungus was isolated from rotted potato tubers 
and grown on different media; also under different 
conditions of temperature, hydrogen-ion concen- 
trations, and relative humidities. Different sources 
of carbon and nitrogen, as well as different concen- 
trations of their best sources, were also triod, but no 
success was met with, until one day a plate of standard 
Brown’s agar medium containmg cultures of S. 
rolfsts and lying in the cupboard for 14 months was 
sean developing the fruiting body. An experiment 
was set up with seven agar media, namely, potato- 
dextrose, oatmeal, maize meal, host extract, Richard’s, 
Czapek’s and Brown’s. Three plates of each were 
incubated at 25°C. and at room temperature in the 
cupboard. 

The fruiting body developed only in the three 
plates containing Brown’s agar medium incubated 
at room temperature durmg a period of 33-39 days. 
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The mean maximum and minimum room tempera- 
tures for the period under observation were 19-9°C. 
and 14-4° C. respectively. This experiment was again 
repeated when the mean maximum and minimum 
room temperatures were 23:5°C. and 17:-3°C. 
respectively, and simular results were obtained. 
The descriptions and measurements of the fruiting 
body, basidium, and basidiospores resembled those 
reported earlier)‘. Basidiospores, when planted on 
potato dextrose agar, germinated and grew to form a 
mycelial mat and sclerotia. The mycelial, sclerotial, 
and growth characters of the basidiosporal cultures 
resembled those of the parent culture. 
Brown’s agar medium which developed the perfect 
stage 18 poor in nutriente as compared to the rest of 
the media. The special medium used with success by 
Mundkur‘ was also poor in nutrient. Curzi! also 
reported that sporulation in S. rolfsis took place 
earler and was more abundant in media poor in 
nutrients as compared with media rich in nutrients. 
Reports of various workers? *,* also indicate wide 
variation in the temperature requirement for the 
development of the perfect stage. 
The development of perfect stage in S. rolfst+ thus 
seems to depend both upon nutrient and temperature, 
and Brown’s agar medium incubated at room tempera- 
ture ing between a mean maximum and minimum 
of 21-7° C. and 15-9° C. for 33-39 days is suitable for 
the development of the perfect stage. 
A. P. Missa 
S. Q. HAQUE 

Division of Mycology and Plant Pathology, 

Bıhar Agricultural College, Sabour, 
Bihar. Dec. 11. 
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BACTERIOLOGY 


Isolation of Mutants of Bacillus subtilis 
requiring D-Glutamic Acid 


ALTHOUGH synthetic pathways of the £L series of 
amino-acids have been studied extensively by the 
use of biochemical mutante of micro-organisms, 
there appears to be no published account of the 
synthesis of the p series of amino-acids using similar 
experimental techniques. Meanwhile, because D- 
glutamic acid is known to be an essential component 
of the cell wall and capsular fractions of a certain 
kind of bacteria4,7, an attempt to obtain mutants 
requiring D-glutamic acid for growth is still valuable. 
With this idea, induction and isolation of mutants 
from a wild strain of Bacillus subtilis K requiring 
D-glutamic acid was attempted. 

Minimal medium was prepared as prescribed by 
Gray and Tatum’ (L-asparagine waa eliminated), 
adding 0:1 per cent glucose for liquid medium and 
0-5 per cent for solid medium. To allow the growth of 
mutants requiring D-glutamic acid, if any existed, a 
special medium (DG) consisting of 100 ugm./ml. of 
p-glutamic acid and the components in the minimal 
medium was prepared and used in place of the so- 
called complete medium. Spores of the wild strain 
were harvested from a 10-day culture on Burk- 
holder’s nutrient agar slant‘, and a suspension 
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Table 1. HESPOMNSS PATTHRN OF THB Five MUTANTS ISOLATED 
Amino-acids Mutant strains 
(100 agm. jml.) la 2a 3a 4a 3d 
D-Glutamic acid ~ + + + + + 
D-Aspartio acid T + + + + 
D-Alanine + + = = G 
L-Glutamio acid ~ — 7 + -4 — 
I-Aspartio acid — — + + — 
I-Álanine -+ + = = = 
DL-Glutamic acid + -+ + + T 
DL-Aspartic acid -+ + + + + 
pi-Alanine + + ~ ~~ + 
Minimal mediam — — — m — 
Casein hydrolysate plns 
D-glutamio acid + + + + = 


containing 106-107 spores in 2 ml. of sterile saline 
~ was exposed to X-rays. The survival ratio at a dose of 
144,000 rontgens was 20 per cent. After appropriate 
dilution, the cells were plated on DG medium. The 
replica plating method devised by Lederberg and 
Lederberg’ was applied to the colonies that appeared 
on the plates, and such colonies which showed 
positive response to the DG medium, but not to 
minimal medium, were selected. 

As a result, four out of about ten thousand colonies 
tested were proved to be mutants requiring D- 
glutamic acid. These mutants, la, 2a, 3d and 4a, are 
fairly stable though 3d gave rise to a new mutant, 
3a, spontaneously. Growth response of these 
strains to D and L amino-acids was judged by shake 
culture method using about 10° cells/ml. as mocula. 
As seen in Table 1, all of them require D-glutamic 
acid for growth, but response to D-aspartic acid, 
p-alanine, L-glutamic acid, L-aspartic acid and L- 
alanine is different from strain to strain. For example, 
strain 3d grows on a medium containing either 
p-glutamic acid, D-aspartic acid or D-alanine, while 
strains 3a and 4a grow on either a D-glutamic acid, 
D-aspartic acid, -glutamic acid or L-aspartic acid 
supplemented medium. It is strange that strain 3d 
cannot grow on a medium consisting of casem 
hydrolysate and p-glutamic acid; but this pheno- 
menon may be due to a mutual effect between 
p-glutamic aoid and other amino-acids. 
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. 1. Growth of strain 3d in media supplemented with (a) 
tutami acid, (b) L-aspartic acid, (e) L-alanine, (4) D-glutamio 
acid, (4) D-aspartic aoid, , (g) Di-glutamic acid, or 
(k) Di-aspartioc acid, (4) Is medium 
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Fig. 1 shows growth-ourves of strain 8d in media 
supplemented with 100 ugm./ml. of D, L or DL amino- 
acids, where cultivation was carried out in Monod 
tubes on a shaking machine at 37°C. Moreover, the 
minimal amount of p-glutamic acid sufficient to 
achieve full growth of strain 3¢ was determined to be 
5-10 pgm./ml. The number of viable cells decreased 
rapidly when strain 3d was placed in a medium 
devoid of p-glutamic acid. 

Haruo Momoss 
YÔNOSUKM IKEDA 


Institute of Applied Microbiology, 
University of Tokyo. 
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T; and 4 Phage Adsorption on 
Protoplast-like Bodies of Escherichia colli 


Dorsia the past few years, methods have been 
developed for preparing spherical units of Gram- 
negative bacteria such as Æ. colt, which haye often 
been described as ‘large bodies’ or ‘protoplasts’. 
Unlike the protoplasts of Gram-positive bacteria, 
these spherical forms are also very sensitive to 
osmotic . Whereas it can be shown by various 
methods that the cell wall is removed in the case of 
B. megatherium, this has not been proved conclusively 
for the spherical forms of Ẹ. cols. Since the cell wall 
of E. colt, unlike that of Gram-positive bacteria, 
contains a lipoprotein component as well as lipo- 
polysaccharide! and at least four of five methods of 
preparation for spherical forms involve only poly- 
saccharides, it is very probable that the spherical 
forms of E. colt are surrounded by cell-wall remains. 
If this is really the case, we may assume that these 
forms adsorb at least some of those phages, towards 
which the rod-shaped, normal cell is sensitive. 

We have therefore investigated the adsorption of 
the T; and ìà phages on spherical forms of E. cols 
strains. 

This communication deals with the adsorption of 
phages 7',, T, and àzo on spherical forms of E. colit, 
strains B, 173-25 or S, which have been produced 
either with lysozyme™, ponicilin®™®, phage enzyme, 
glycine’? or by deprival of diaminopimelic acid*. 

In general, the standard phage techniques, as 
described by Adams’, have been used. Special 
techniques will be published in detail elsewhere. 
Normally, Æ. cols cells grown up to 2-5 x 108/ml. or 
dilutions 1 : 3-1: 50 of overnight cultures were used. 
The conversion to spherical forms was made in media 
containing 12 per cent sucrose. Such conditions were 
chosen that at least 99 per cent of the cells were 
changed to the spherical form, that is, the survival 
rate after an osmotic shock (dilution 1:100 in 
phosphate-buffer 0-1 M, pH 7-0) was never higher 
than 1 per cent. 

The adsorption of phages was studied in sucrose- 
broth (~100 gm. sucrose, 11 gm. peptone, 5-8 gm. 
sodium chloride/l.) over a period of 10 min. (phage 
T,) or 15 min. (phages T, and Aye) at 37° C. Non- 
adsorbed phage was recovered after killing of the 
infected complexes with chloroform. The micro- 
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Fig. 1. Adsorption of phages T, and T, (@ and to aphero- 
plasta obiad by treatment with 1,000 U./mL in aerated 
Re a Ati} 75 mun. (fall symbols), to E. cols cells 
(empt? symbols) and vation by cell-free supernatant of 
conversion medium ( A) 


scopically determined titre of the washed spherical 
forms was ~5 X 108/ml. in experiments with phages 
Ta T, and ~105/mi. in experiments with phage Axe. 

Glycine treatment was also carried out m normal 
broth without addition of sucrose. In this case the 
conversion was only controlled by phase-contrast 
microscopy and the adsorption was measured in & 
sucrose-free medium. 

As controls we used the conversion medium from 
which the cells had been removed by centrifugation, 
as well as normal J. colt cells of the same concen- 
tration as the spheroplasts and in a dilution 1 : 100. 
In this way we were able to take mto account a 
possible adsorption on rod-shaped, non-converted 
bacteria and the inactivation of phage by soluble 
cell-wall material. 

The comparison of adsorption by normal rod- 
shaped cells and spherical forms of equal titre should, 
under certain conditions, allow quantitative con- 
clusions concerning the proportion of receptor sub- 
stance still remaining. 

A typical result is shown in Fig. 1. Phages T, and 
T, are adsorbed at the same rate on to E. cols cells 
ag on to spherical forms (obtained by treatment 
with 1,000 v./ml. penicillin in aerated broth—sucrose 
medium during 75 mm. at 37° C.). 

The same rate of adsorption of the phages on both 
normal cells and spherical forms makes the as- 
sumption possible that the receptor substances 
for T, and T, phages remain quantitatively on the 
spheroplasts. But this assumption must be verified 
by further investigations in which a comparison 
between the highest possible number of adsorbed 
phages per spheroplast and per rod-shaped bacterium 
is made. 

Similar resulta were obtained in parallel experi- 
ments with E. cols converted by phage-enzyme, 
lysozyme, glycine or by deprival of diaminopimelic 
acid and phages T, or T, and Age. These results 
provide strong evidence that E. cols cells, after con- 
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version in liquid suspension, are not true protoplasts 
since these are defined as being the protoplasm 
completely depleted of the cell wall. Indeed, the 
receptors for the phage T, have been shown to be 
situated in the cell wall. It seems to be obvious, n. 
general, that the receptors should be at the sur- 
face of the wall. In these circumstances the term 
‘spheroplast’ is preferable to protoplast as suggested 
by S. Brenner and others‘. 

We are now studying the adsorption of the other 
T; phages. This may be another way to investigate 
the localization of phage receptors in the cell-wall 
components. 

On the completion of this work we read the paper . 
by G. Dénes and L. Polgár’ on 7’, phage multiplication 
in ‘protoplasts’ obtained by penicillin treatment, and 
found it in close agreement with our results. 

These investigations were started in the Laboratoire 
de Biophysique, Geneva. We wish to thank Prof. 
E. Kellenberger and his collaborators for their many 
suggestions and for the courtesy of providing us with 
phage and bacterial strains. We also -thank Dr. 
McQuillen, Cambridge, from whom we received 
E. a strain 17325 and a sample of diamimopimelic 
acid. 

We are also indebted to Prof. A. Butenandt for his 
enco ent throughout the course of this work, 
and for making the studies in Geneva possible. 


P. H. HOFSCAENEIDER 


Max-Planck-Institut fúr Biochemie, 
München. 
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The a-z-z35 Group of Salmonella Antigens 


Ix the course of establishing the antigenic formula 
for a new Salmonella serotype, S. greenside, its 
specific-phase flagellar antigen (z) was found to 
differ from the usual type as seen in S. poona, but to 
be identical to that of S. bulawayo'.§ Taylor, in 
describing the antigen z, of S. chittagong, mentioned 
its relationship to both z of S. poona and a of S. 
paratyphi A.*. Common factors between a, z, and the 
antigen z,, of S. cairma were also described by 
Kauffmann’, although z,, in this case was found to be 
slightly different from that of S. chittagong. 

In view of these findings, an attempt has been made 
to clarify the relationships between these antigens by 
means of a series of agglutinin-absorption tests. 

Rabbit antisera, preserved with 50 per cent gly- 
cerine were used throughout these experiments. Sera 
prepared from biphasic Salmonellae were given an. 
initial absorption with packed bacterial cells con- 
taining antigens corresponding to the unwanted 
flagellar phase. 

Absorption tests were done by emulsifymg packed 
cells in 5-ml. volumes of each serum, incubating at 
37° C. for 18 hr., and removing the supernatant fluid 
after centrifugation. This procedure was repeated 
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Table 1. FLAGHLLAR AGGLUTINATION REACTIONS BRFORR AXD AFTER ABSORPTION i i 






Agglutinable 
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(bulawayo) 
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E: 640 
320 

2,560 

0 1,280 


absorbéd wi with 
160 z 
180 0 
1,280 
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Note O equals negative at 1/10 dilution. Figures indicate reciprocals of titres. 


until no more agglutinins against the absorbing 
antigen could be demonstrated. 

Agglutination tests were carried out in a 82°C. 
water-bath for 2 hr., using dilutions of serum in 0-85 
per cent saline, and equal volumea of formalinized 
antigenic suspensions adjusted to approximately 
1 x 10° bacilh per ml. The final serum dilutions 
ranged from 1/10 to 1/5120. 

Comparison of the reactions before and after 
absorption shows that although a and z bear no direct 
antigenic relationship to each other, they each con- 
tain a fraction in common with Za (Table 1). 

The z complex can also be subdivided into two 
types, each of which has a, specific factor and a factor 
common to both types, which includes the com- 
ponent shared with z3,- 

Cross-absorption tests with z,, of S. cairina con- 
firmed that it was not completely identical to Zs, of 
S. chittagong, but showed that it shared the same 
factors with a and z. 

Cultures of all z-containing Salmonellae described 
in the Kauffmann—White scheme were acquired from 
the National Collection of Type Cultures in London, 
or from the International Salmonella Centre in 
Copenhagen. Each culture was tested against 
specific factor sera prepared by saturating z (poons) 
and z (bulawayo) antisera with their heterologous 
antigens. All the cultures were agglutinated by 


Table 2. Salmonellae CONTAINING THA ANTIGEN z 


Agglutinable 
suspensions 





one or other of the specific sera, thus formmg two 
distinct groups (Table 2). It is of interest that the 
majority of the z, group originated in central and 
southern Africa, including three first described from 
these laboratories (S. alexander, S. greenside, and 
S. rand). : 

le Minor* has shown that the a antigen is a complex 
one, divisible into four components, of which S. 
paratyphi A. possesses three (a,, G, and a,). Further 
tests were now undertaken to see which, if any, of 
these factors was the one shared with z,,. 

The results (Table 3) confirm le Minor’s findings, 
and show that the antigen shared with z,, is a part of 
the a, fraction. This is proved by the inagglutim- 
ability of z, in specific factor sera for G, Gs anda,, 
and by the fact that an a antiserum (S. paratyphi A.), 
after absorption with z,,, still contains agglutinins for 
the antigens of S. paratyphi A., S. miami, and S. 


durban. 
q Z 





Fig, 1. Diagrammatic illustration of the relationships botween 
the flagellar antigens a, 3 and £s; 


The results of this series of experiments are sum- 
marized diagrammatically in Fig. 1. It will be seen 
that both the a and z antigens occur in different 
forms, each consisting of a common major fraction 
and one or more specific minor fractions. z, shares 
one component with part of a,, and a different com- 
ponent with part of the major fraction of z. 
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VIROLOGY 


Antigenic Structure of Non-Infectious 
Adenovirus Materials 


Fina cells infected with adenovirus type 5 produce, 
in addition to virus particles, three non-infectious 
materials previously named antigens A, B and CG}. 
These antigens can be separated by electrophoresis’ 
and by chromatography on diethylaminoethy! cellu- 
lose columns?. Antigen B corresponds to the protem. 
factor responsible for the early cytopathic action of 
adenoviruses in HeLa cell cultures’,t and possibly 
also to the cell-detaching factor described by Rowe 
et al.5. Antigens A and C, but not antigen B, contain 
deoxyribonucleic acid’. A comparison of these three 
antigens by gel-diffusion precipitation tests revealed 
a partial identity of antigens B and C and absence of 
antigenic relationship of either of these two materials 
with antigen A °. 

In the present investigation, an attempt was made 
to establish more precisely the relationship between 
antigens B and C. The virus material used was 
obtained from HeLa cells infected with the prototype 
strain of adenovirus type 6. A partially purified 
antigen was prepared by treatment of the infected 
coll? with the fluorocarbon compound ‘Arcton 63’ 
(Imperial Chemical Industries, Ltd., London, §.W.1) 
as described by Pereira and Valentine’. Chromato- 
graphic fractionation was carried out on diethyl- 
aminoethyl cellulose columns at pH 6-5, using step- 
wise elution with sodium chloride concentrations 
varying from 0-01 to 0-35 Af in 0 05 M steps. The 
antiserum used throughout was from a rabbit 
immunized with the unfractionated virus material. 

The complex nature of antigen B was first suggested 
by the fact that digestion of this antigen by 0-1 per 
cent crystalline trypsin at pH 7-4 for 1 hr. at 37°C. 
resulted in complete abolition of its cytopathic action 
for HeLa cells while its complement-fixing activity 
remained practically unchanged. The effect of 
trypsin on the behaviour of antigen B in gel-diffusion 
precipitation tests was next investigated. The results 
of & representative test are shown diagrammatically in 
Fig. 1. The reaction between antiserum and unfrac- 
tionated antigen gives three precipitation lines 
corresponding to antigens A, B and O as indicated. 
Antigen B isolated by chromatography gives a single 
precipitation line continuous with the corresponding 
line of the original antigen and showing reactions of 
partial identity with antigen C and of non-identity 
with antigen A. After trypsin digestion, the same 
antigen B preparation gives æ single precipitation 
line showing reactions of identity with antigen C and 
non-identity with antigen A. This result suggests 
that antigen B is a complex of a trypsin-sensitive 
protein with the trypsin-resistant antigen Q. 

This suggestion is supported by chromatographic 
studies shown in Fig. 2. The upper curve in this 
figure shows the fractionation of the original virus 
material into three antigenic components previously 
shown by Klemperer and Pereira? to correspond to 
antigens 4, B and C with elution peaks at 0-275, 0-15 
and 0:05-0:075 M sodium chloride respectively. The 
two eluates with highest complement-fixing titres in 
the band corresponding to antigen B, namely, the 
0:15 and 0-175 M eluates, were pooled and divided 
into two equal parts, one of which was digested by 
trypsin under the conditions mentioned above. Both 
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Fig. 1. Gel-diffusion precipitation test between adenovirus 
typo & antiserum AG 5) and homologous antigens. O, Unfractton- 
5 Rn : ; aniigon E star AA Sg ig Sat 
tryp., the same antigen B preparation digested trypein ; 
f 0, sonar isolated by chromatography 


parts were dialysed against 0:01 M phosphate buffer 
at pH 6-5 and re-chromatographed under the same 
conditions as those used for the origmal antigen. 
Complement-fixation titres of the eluates are shown 
in the middle and lower curves of Fig. 2 for untreated , 
and trypsinized materials respectively. The untreated 
antigen was eluted essentially in a single band with a 
peak at 0-2 M sodium chloride. The difference in 
position of this elution band as compared with that 
of the corresponding antigen in the origmal run is 
difficult to understand ; it could be due to displace- 
ment effects caused by antigens or other components 
present in the starting material. The trypsinized 
antigen, in contrast, was eluted at lower concen- 
trations of sodium chloride, with a peak corresponding ' 
closely in position to that of antigen C in the original 
run. 

The nature of the antigenic component common to 
antigens B and C was further investigated by staining 
the gel-diffusion precipitation lines with acridine 
orange following the technique developed by Allison 
and Armstrong’. It had been previously shown by 
this technique! that antigen C present in unfraction- 
ated virus materials was stained by acridine orange, 
giving a strong yellow-green fluorescence; this 
indicates the presence of deoxyribonucleic acid in this 
antigen. No such staining reaction was, however, 
obtained with precipitation lines of antigen B. 
Identical results were obtained with antigens frac- 
tionated by chromatography, and no deoxyribonucleic 
acid could be detected by this method either in. 


untreated or in trypsinized antigen B. The antigenic: . | 


component common to antigens B and O is shown, 
therefore, to be free of deoxyribonucleic acid. 

For convenience, we will designate the trypsin- 
sensitive component of the B complex as antigen 6 
and the trypsin-resistant component common to B 
and C as antigen y. The antigenic factor so far identi- 
fied in A will be designated antigen æ. The various 
components of non-infectious adenovirus type 5 
antigens are shown in Table 1. It should be pointed 
out that the components lsted there may account 
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for only part of the structure of antigens 4, B 
and C. It is possible that the deoxyribonucleic 
acid components of antigens A and O may be nucleo- 
proteins rather than pure deoxyribonucleic acid. 
This or additional factors not detected by the methods 
used in the present study might explain some anomalies 
apparent in the chromatographic behaviour of the 
antigens studied. A complex of antigen y with 
deoxyribonucleic acid would be expected to elute 
from diethylaminoethyl cellulose at higher molarities 
than a complex of the same y with another protein. 
The fact that antigen CO is eluted from the columns 
before antigen B (Fig. 2) suggests, therefore, a higher 
complexity of the system. 

. The t findings might help to explain the 
possible relations of the antigens under study with 


Table 1, OCOLTONERYS IDENTIFIED IN OTE AUCIE ADENOVIRUS 


TyPs 6 
Antigen pee 
4 a eae E ANS acid 
Y 
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virus particles and with the protein crystals free of 
deoxyribonucleic acid observed by Leuchtenberger 
and Boyer’ and by Morgan et al.!° in nuclei of HeLa 
cells infected with adenovirus type 5. It is tempting 
to speculate, for example, that complexes of antigen y 
with nucleic acid or nucleoprotein would tend to 
aggregate to form virus particles whereas complexes 
ofthe same antigen with protein B would form the 
protem crystals free of deoxyribonucleic acid. 

I am indebted to Drs. A. C. Allison, H. G. Klem- 
perer and R. Porter for valuable suggestions and 
criticism. 

H. G. Perera 


National Institute for Medical Research, o 
Moll Hill, London, N.W.7. 


a Perera, H. G., Allison, A. O., and Farthmg, C. P., Nature, 188, 895 


* Klemperer, H. G., and Pereira, H. G., Virology, 9, 536 (1959). 7 
* Pereira, H. G., Virology, 6, 601 (1958). 

1 Everett, 8. oe and Seana H. 8., Virology, 6, 770 (1958). 

s Rowe, W Hartley, , Roixman, B., and Levy, H. B., J. 
Exp. Wren? 108, 718 oes)” 

ar 1s A. O., Pereira, E. G., and Farthing, C. P., Virology, 10, 316 
arti es G., and Valentine, R. O., J. Gen, Mierolnol., 19, 178 


* Alilson, A. O., and Armstrong, J. A. (to be published). 
Bastar curt G., and Boyer, G. 8., J. Dicchem. Biophys:.Cytol., 


3, 328 (19 anf 


SOIL SCIENCE 


Capillary Movement of Nitrate towards 
Tropical Soil Surfaces 


As in many other parts of the tropics, accumulation 
of nitrate in the top inch of soil during the dry season 
has been observed at Katherine, Northern Territory, 
Australia, on a red sandy clay loam. The accumuls- 
tion could be caused by a complex of processes 
of a physico-chemical, photo-chemical, biological or 
physical nature. Experiments at Katherine have 
shown that capillary movement has been obscured, 
rather than overlooked, as the main cause. 

During the 1959 dry season, changes in chloride 
and nitrate content in the top soil of a clean fallow 
were followed in the 0-1, 1-2, 2-3, 3—6, 6-9 and 9-12 
in. layers from April 20 onwards, that is, one day 
after the last rain in April. Normally, the rains end in 
April and are followed by a five-months rainless 
period. However, in 1959, 0-95 in. fell between May 
18 and 24. 

Chloride was applied to the soil surface on March 2 
in the form of sodium chloride at the rate of 2,000 Ib./ 
acre. Leaching of this ion by the subsequent 13 in. of 
rain resulted on April 20 in a chloride distribution 
over the top 12 in. of soil as is given in Fig. 1. Com- 
parative fallow plots receiving no salt were sampled 
for nitrate. Its distribution over the top 12 in. on the 
first sampling date is given in Fig. 2. 

The progress of accumulation of chloride and 
nitrate near the soil surface is shown in Figs. 1 and 2. 
Chloride content in the top inch increased signifi- 
cantly from 950 p.p.m. on April 20 to 2,977 p.p.m. 
chloride on June 22, and nitrate significantly from 38 
to 229 p.p.m. nitrate over the same period. Chloride 
content at this level decreased temporarily after the 
rain in May, but increased again in the following dry 
weather. Nitrate content in the top inch did not 
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decrease after the May rain, due presumably to a 
short period of nitrification at adequate moisture 
content, but showed a concentration pattern similar 
to that of chloride in the 12 in. profile throughout the 
sampling period. 

More detailed sampling of the top 1} in. of the 
soil, in } in. layers, revealed that the level of maximum 
accumulation is not at the surface but at a depth 
determined by the bottom of the soil crust.. At this 
level the soil has an open and loose structure, and 
below it the soil is hard and compacted. A typical 
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nitrate stratification in the top lł in. of the soil, 
measured in August at one point, is given in Fig. 3. 
The level of maximum nitrate accumulation has con- 
sistently been found to coincide with the bottom of 
the soil crust and is not related to actual soil depth. 
Chloride accumulation shows an exactly similar 
relationship with the crust. 

This relationship and the fact that nitrate and 
chloride stratifications are affected in similar ways by 
rain and a following dry period indicate strongly 
that the main cause of nitrate accumulation near the 
surface of the soil is a physical one, for which capillary 
movement is the only acceptable explanation. 

Further details will be published elsewhere. 


R. WETEELAAR 


Division of Land Research and Regional Survey, 
Commonwealth Scientific and Industrial Research 


Organization, 
Canberra. 


Complexes of Calcium-Montmorillonite 
with Polymers 


VARIOUS types of polymers have been used to 
stabilize soil cruambs**, the polymers linking together 
the domains of clay crystals within the crumbs‘. To 
obtain further information on the nature of clay— 
polymer bonds, the interaction of caloiium-mont- 
morillonite with a wide range of polymers has been 
studied. 

A neutral suspension of calcium-montmorillonite in 
2x 10-? M calcium chloride was prepared from the 
< 2u fraction of Wyoming bentonite (Volelay). To 
an aliquot of this suspension a known amount of 
organic material was added as a neutral solution. 
The calcium chloride present ensured that complexes 
formed rapidly after mixing, large flocs appearing 
within a few seconds. The clay was then filtered 
through a sintered glass funnel and later dried over 
phosphorus pentoxide to form an orientated disk 
0:02 mm. thick. 

Flakes about 4 mm. square were cut from the disk 
and their thickness measured with a travelling 
microscope reading to 0:003 mm. The swelling of the 
flake was determined after immersion in M calcium 
chloride and then in progressively more dilute calcium 
chloride solutions. The effect of adding 1-0 per cent 
of various materials on the swelling of calcium- 
montmorillonite is shown in Fig. l, the ordinate 
being the ratio of the increase in thickness of the 
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Table 1. ' BFFEOT OF LHACHING ON THE DISPERSION OF CALOIUM~MONTMORILLONITE COMPLEXES 


ai x 


Leaching treatment 


Dispersion medium 


N sodium chloride 


Noutralized 0:15 M 
sodium pyrophosphate | N/10 sodium chloride 


V¥/100 sodium chloride 


flake (h-h,) to its initial thickness (A4,) over 
phosphorus pentoxide. 

The expansion of the clay in M calcium chloride is 
predominantly intra-crystalline, the d,,, spacing 
increasing from 10-0 A. (over phosphorus pentoxide) 
to 18-9A. In the more dilute calcium chloride 
solutions the swelling of the untreated clay is due to 
increasing separation. of the clay crystala, as the d,,, 
spacing in water is almost unchanged at 19-24. A 
‘similar spacing in water has been reported pre- 
viously7-*. As shown in Fig. 1, the inter-crystalline 
expansion was prevented by the addition of 1 per 
cent of cetyltrimethyl ammonium bromide or 
polyvinyl alcohol and largely suppressed by the same 
quantity of sodium alginate or polyacrylamide. Of 
these materials, cetyltrimethyl ammonium bromide, 
an organic’ cation and polyvinyl alcohol have been 
found to react with the basal surfaces of montmoril- 
lonite, for with increasing concentration they 
penetrate between the individual silicate sheets 
forming inter-lamellar complexes?,44. 

The similarity in the swelling pattern of the 
various complexes suggests that all four materials 
are reducing the expansion of the clay by linking 
together the basal surfaces of the clay crystals. 

Further information on the nature of the clay— 
polymer bonds was obtained by trying to replace 
the exchangeable calcium ions on the clay by sodium 
ions. Flakes of calcium-montmorillonite with and 
without 1-0 per cent of polymer added were leached 
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Fig. 1. Swelling of calci1um-—montmorillonite complexes. 


A, Caleium~-montmorillonite, untreated; @, calofum—mont- 

morillonite plus 1 per cent sodium alginate, polyacrylamide | 

©, caletum-montmonilonite plus 1 per cent polyvinyl! alcohol, 
oetyltrimethyl ammonium bromide 


Dispersed ın 2-3 hr. 


Dispersed in 2-8 hr. 





Addition 
1-0 per cent 


Group 1 Group 2 


Sodium polyacrylate | Polyvinyl alcohol |. 
Polyacrylamide Polygincosans 
ctosans 


(from soll) 


Dispersed in 2-3 hr. No dispersion 


Dispersed in 2-3 hr. | Dispersed in 2-3 hr. | No dispersion 


with N sodium chloride or 0-15 M sodium pyro- 
phosphate adjusted to pH 7:0. Afterwards, the 
behaviour of the flakes was observed in dilute sodium 
chloride solutions. The results for a range of polymers 
are given in Table 1. Dispersion of the clay plus 
polymer flake at the same concentration of sodium 
chloride as the untreated clay indicates that the 
polymer has been removed. 

The polymers have been divided mto three groups 
according to their ease of displacement. Polymers 
of group 1 were readily removed by N sodium chloride. 
This indicates that the complexes were formes. by 
precipitation with the exchangeable calcium ions 
near the basal surfaces of the clay crystals. The 
second group was only removed by a strong solution 
of sodium pyrophosphate. From this, it is inferred 
that the polymers formed co-ordination compounds 
with the exchangeable calcium ions, but that these 
caleium ions could be displaced by a strong sequester- 
ing agent. The remaining group of polymers was 
unaffected by either treatment. Here, the bonding, 
therefore, is independent of the valency of the 
exchangeable cation. It is inferred that these polymers 
are linked by a series of hydrogen bonds between the 
polymer hydroxyl groups and the surface oxygens 
of the silicate sheets. 

The complex with humic acid extracted from sou 
is of interest. Previously it has been shown that the 
clay in soil crumbs from old grassland is still held 
together after leaching with neutralized sodium 
pyrophosphate!*. It follows from the above results 
that although humic acid can link clay crystals 
together, it is too easily removed to be the important 
polymer in soil organic matter for stabilizing soil 
orumbs. 

I wish to thank Dr. K. Norrish for determining the 
X-ray spacings and Dr. R. Swaby for the sample of 
humic acid. 

W. W. EMERSON 


Division of Soils, 
Commonwealth Scientific and 
Industrial Research Organization, 
Adelaide. 


1 Quastel, J. H., Soil Soi., 78, 419 (1952). 

1 Hedrick, E. af, and Mowry, D. T., Sow Set, 73, 427 (1952). 
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% Jordan, J. W., J. Phys. and Colloid Chem., 53, 204 (1949) 

1 Rmerson, W. W., Mature, 176, 461 (1956). 
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No. 4724 May 14, 1960 
FORTHCOMING EVENTS 


(Mestings marked with an asterisk * are open to the public) 


Monday, May 16 


UNIVERSITY or Loxpom (at the e orng Institute of 
London, WA ge Paget Hospital oe Bchool, rfolk Place 
pond V2), 8 5 p.m-—Prof. R. R. Porter: “The Structure of 

a oa’ an Antibodies’. (Third of four Almroth Wright 
Further lecture on May 28.) 


British SOoHTyY FOR THE PHILOROPHY oF BONOA (in the Joint 
Biaff Common Room, Univers: Hege, Gower Street, London, 
oe -G.1), at 5. 80 p.m—Dr. Marjorie Grene: “Adaptation and Evolu- 

on”, 

oe ae Socomry or ge “a John ae Street, Adelphi, London, 

W.C0.2), at 6 p.m.—AMyr. S, Br “The Power System”. 
(Second of Three Cantor ee on agy” 


Tuesday, May 17 


LONDON SoHOOL OF BOONOMICS AND POLITICAL Sclaron SE 
Houghton Street, Aldwych, London, W.0.2), at 5 p.m.—Prof. 0. 
Waddington, F.R.8.: “Rvolutionary Wisdom an ‘Ethical Value’* 
(Fourth Auguste Comte Memorlal Leotare). 


ROYAL AKROMAUTIOAL SOdQHY, HISTORICAL GROUP (at the Institu- 


tion of Mechanical gull Birdcage Walk, Westminster, London, 
ster at 6 p.m. Thomas Sopwith, OB.BR.: “My First Ten 
(Inaugural Lecture). 


Wednesday, May 18 


INSTITUTION OF BiwoTRIOCAL KNGINAERS (at the Institution of D 
Engineers, Great George Street, Westminster, London, §.W.1 
10 a.m.—Sym on “Electronio Equipment Rella Reliabılity— eld 
Experience and Methods of Agseasing an cting Reliability’’. 
ROYAL ig eee aga SoomTy (at 49 Cromwell Road, London, 
SW AED A E ENA Sumar cue on of the 
aoe “u gia rd Below 30 $0 im.” Air $ or Die and Mr. 
asquill : An epee ystem or Reoording 
Sot of the Intensity of Atmospheric Turbulence’; Mr. J. L. 
Montet “The Reflection of Short-Wave Radlation by Vegetation”. 


eed 8 Hingrnewerxa Soommry (at “Hope House”, 45 Great 
Peter Street, London, 8.W.1), at 7 p.m.——Afiss R. Winslade: “Elec- 
tronie Welghing”. 


ROYAL Imerrrvrion (at 21 Albemarle Street, London, W.1), at 
9 pm.—Dr. David Lack, F.R.S.: “A SA Survey of the Conflict Between 
Kyolution Theory and Christian 


Thursday, May 19 


INSTITUTION OF MIINING AWD MATALLURGY (at the Geological Society 
of London, Burlington House, phot te dpa Perea W.1), a 4 a Kinng 


Annual General Mee Prof, 
amare and Employment” iden 


Bori Hoar Gt Aurington House, Soe: bey te wW. d)» 
Walls fom deinstsd 
Lloyd: “The 

cristatus 


INSTITUTION OF ELBOTRICAL HWGINHERS (at Sayoy Place, London, 
W.0.2), at 6.80 ‘p.m.—Anntal General Meeting, followed by Dr. 
A. 8 “Technical Features of a |New (Television 
Studio at mbl ley”. 


ROYAL ARDOA UON Soormry (at the Institution of eee 
a ae ge Bi ago Wa, tt bas estminster, London, §.W.1), at 6 
M. 8.: ‘“Mathematl ematics ‘and Aeronau ca” 
(48th vine wit t Memorial ‘Leotare). 


EOYAL Soomry or TROPIOAL MADICINH AWD HYGINNA (at Manson 
House, 26 Portland Place, London, W.1), pe ARN p.m.—Dr. G. 8. 
Nelson: “Schistosomes as Zoonoses in 


BRITISH INStTiruTH oy BADIOLOGY (in as Reld-Knox Moeting 
Welbeck Soet LO London, W.1), at 7.80 p.m.Annual General Mee 
8 p.m.—Dr. V. Oosslett: “X-Ray SoSo O Tonnes, ana 
Prospect” Cihicty ninth Silvanns Thompson Memorial Lecture) 


Friday, May 20 


ROYAL Sootery oy AMiwplocors, HPIDAMIOLOGY AND page salt 
MEDICINE and COMPARATIVE MADIGINE SwOTIONS (at 1 Wimpole 
, London, W.1), at 5.80 p.m.——Disenasion on Joao 

Si : Dr. O, H. Andrewes, Mr. H. V. Thompson 
and the’ Hon. Rothschild. 


Friday, May 20-—-Saturday, May 21 


BRITISH Socrery vor IMKxUNOLOGY (in the Hall of the London 
Hospital Medical Oollege, Ashfield Street, London, E.1}—Spring 


Friday, May 20 


At 10 a.m.—Sympasium on “Immunolo 
i Chal 


cal ects of Diseases 
of Connective Tissue rman: Dr. In Te a aap 
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APPLIOATIONS are invited for the following appomtmenta on or 


before the dates mentioned : 
ASSISTANT LEOCTURSR (with s8 are qualifications in ae) 
Ix GEOLOGY—The Secre 6 University, Belfast y o 
ASSISTANT LEOTURER IN 1oOdY-—-The Registrar, The pivcialiy: 
Manchester 18 (May 21). 


LECTURER IN THE DEPARTMENT PRTA PHILOBOPRY—Theo 
Searetary, The University, Hainburgh ( May age 
EXPRRIMBNTAL PHYSICIST to for a D.Phil. degree on high 


temperature physics, plasma physics, aerate in meron or nuclear 
a at very low kinetic tay, Bhe r Raq. P Ope. 
a Labora srra 


ATISTTOS within the the, Department of 
trar, University, Bristol (May 23). 
READER (with outstanding “research ability) IN PHYSICS; a SENIOR 
LEOCTURHE (with a good honours together with research and/or 
industrial experience, and preferably an mterest mm nuclear r povala) 
IN PHYSICS; and an ASSISTANT LECTURER, Grade ‘B" (with 
honours de ) rt ico o Registrar, Royal Technical ge, 
y 
TEOHNIOAL aro i Uh à Tea knowledge of optical d 
and Oo ably mathematics and physics 
roe lova) 1 w OL De DaN, at the Weapons 
itcblabment A , South Australia, to be reaponsible for the 
design of optical lenses and systems, under the gen dance of 
the professional staff—Senior presentatrve (AY. OO) É partment 
of Supply, Australia House, Strand, London, W.0.2 23). 
STRUMENT THOHNIGIAN (Kixporlmental Officer grade, en N.C. 
or ‘equivalent, for ue ee a ment, adaptation and maintenance of 
instruments used b ente---The Secretary, Glass- 
house Crops Research Tagtitate, Worthing Road, Rustington, Little- 
hampton, Sussex (May 
KEHPER IN Pe Won ee (erie cod na e aTa staves pap annor 
a Museums Diploma, and preferably museum. e Base 
Director, Liverpool Public Afuseums, Carnatic Hall, Elmswood 


Liverpool 18 (May ms 
IN CHEMICAL e S 


LECTURER, Grade H, 
and Secretary, The Universi » Bristol Gia (aisy 24) 

NEMATOLOGIST; and a GHNNTIOIST (Plant Breeder) (Borentifio 
Officer grade, with an honours degree in an ap quate, salb solentific 
subject, and Oropa deesoanan Tngtitate, W experience o Secretary, 
Glasshouse Worthing Rustington, 
Littlehampton Busser (May 


ASSISTANT iene e G p OT (graduate, with a degree in 
zoology, and/or botany and an mteresi in biochemistry, also thoas 
r- peony Sean 1960 Pisce are IN THE NEMATOLOGY DePaRTMENT—. 

eet thamsted Experimental Station, Harpenden, Herts 


poten LECTURER IK ee rt as Registrar, University 


College of Wales, Aberystwyth (May 3 
a a oy a book Collage (Univer: 
emis HEMISTRY— kbeok oga Univer- 
aliy of London), Malet Street, London, W.0.1 
(2) IN Prysica— 
Holloway cole, Id Green, Surrey (May gn 
OHAR OF Boraxy—Joint Olerk to the University Court, The ` 
University, St. Andrews (May 31). 
FELLOW, for research on e Ramee influencing Goon n and seed 


production in herb O.R.B.), 
Beading (May 8 


The University, (May 31). 

LECTURER or SENIOR IN GENETIOS AND PLANT BREED- 
ING; an ANT In BOTANY; and a DEMONSTRATOR 
i Zoaroay tn the Department of Biological Setencet The Registris, 

e Ə y (0) ndon), near 0 ent ( 31). 

 BRSRAROH erably candidate with erther a 


zoology or a good degree in Me 

PALÆONTOLOGY IN THB 
DEPARTMENT OF LOGY—Theo Registrar, King’s College (University 
of Durham), Newcastle upon o 1 (May 81). 

Esso RRSHARCH FRLLOW IN PHYSIOAL TRY, to work in the 
field of heterogeneous catalysis—T'he Registrar, e University, 
oe (June 1). 

ResHARoH FELLOW (post-doctoral chemist or biochemist) IN THA 
DEPARTMENT OF OHEMISTRY of the Faculty of Sclence, to take part 
in work on the synthesis of nucleotide analogues and the study of 
their metabolism—The Registrar, The Untversity, Manchester (June 1). 

ASSISTANT DREOTOR OF GRADUATE STUDIES IN THE DAPARTHENT 
OF PHYSICAL CHBMISTRY—~The Registrar, The University, Leeds 2 


(June 7). 

Assisranr LECTURER or Ltorvnme (with qualifications in 
pure mathematics) IN MatHanatios-~The gistrar (Room 22, 
O.R.B.), The University, (June 7). 

Boranist, Solentific Officer grade ee pone honours dcaree and 


logy with good su 
es absidiary diary geology) IN 


ferably pos uate peon o study 
fhe development and anatomy of Eppes m relation to storage be- 
haviour—The Seoretary, Kast Malling Research Station, near d- 


stones, Kent (Jane 11). 
PLANT PHysioLogisr (hono duate in solsnce or agricultural 
uate research experiance) IN THE 
Inpusrry, Commonwealth B&eolentific and 
Industrial Research Orpa Ton, A.O.T., Australia, to 
initiate studies on the physiology of growth In pastures and 
ultimate alm of understan more fully the determ- 
ation of pasture yleld—Ohlef Parane L cer, Australian 
Scientific Liaison Office, Africa H , Kingsway, Lenton, W.0.2, 
quoting Appointment No. 180/418 (Juno 11). 
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SENIOR LECTURER (with research encs) IN PHYSIOLOGY at 
the University of Sydney, Australia— tary, Association of 
Universities of the British Commonwealth, 86 Gordon Square, Lon- 
don, W.C.1 (Australla and London, June 11 

ClaTH PROFESSOR IN MATHHMATIOS ; 


, tion 
of Universities of the British Commonwealth, 86 Gordon Square, 


LHOTURER, (grad 
no ee dagraa, ot genante an ce 
and ence rescare » OF , 
ol X I eonsland, Australia 


une 15). 
. ae IN THN DEPARTMANT OF OHEMICAL RNGINMNERING, 
University of the Witwatersrand, Johannesburg, South Africa—The 
Secretary, on of Universities of the British Commonwealth, 
$6 Gordon Square, London, W.C.1 (South Africa and London, June 15). 

SENIOR LaoTuRNR IN PHYSICS; LECTURER IN PHYSIOS; LEO- 
TURHRS (2) IN OHAHHISTRY ; & LEOTURMR IN OIVIL ENGINEHEING ; 
and LBOTURERS (2) IN MATHHMATIOS at the University of Auckland, 
New Zealand—The Secretary, Association of Universities of the 
British Coa a ae ce Square, London, W.0.1 (New 
Zealand and London, June 5 

LECTURHE and a SHNIOR tani IN APPLIED MATHHMATIOS 
at the University of Sydney, Australla—The Secretary, Association 
of Universities of the British Commonwealth, 86 Gordon Square, 
London, W.0.1 (Australia and London, June 18). 

LECTURER (honours graduate in either poyma or electrical engineer- 
ing, and preferably with an interest in audiofrequency acoustics 
associated with human communication) IN AOCOUSTIOS IN THE DE- 

i The University, Liverpool, 
8). 

Ix PEYSIOS at the University of 
, Assoalation of Unrver- 
rdon Square, London, 


PARTMHNT OF PHysios—The 
quoting Ref. No. OV/N (June 
SENIOR LEOTURER or LHOTURBR 
Otago, Dunedin, New Zealand—The Secre 
sities of the British Commonwealth, 36 
W.0.1 (New Zealand and London, June 18). 
LECTURER ed and interested m any of the following research 
topies: solid state studies, X-ray trography of solids and gases, 
panic investigations of the upper atmosphere such as meteorite dis- 
8 


tribution, auroral zone detection and es of the lower fonosphere) ; 


ASSISTANT LEOTURER (with an honours in physics) 
a ae DEPARTMENT OF PHysics, University of terbury, New 
Zealand—The Secretary, Association of Universities of the British 


Commonwealth, 36 Gordon Square, London, W.0.1 (New Zealand 
and London, June 30). 

SHNIOR TECHNICIAN IN THN DEPARTMENT OF PHYSIOLOGY; and a 
SoraNTIFIO INSTRUMENT MAOHANIO, to take charge of the Faculty of 
Science Workshop, Makerere College, The University College of Haat 
Africa—The Secretary, Inter-University Council for Higher Bduca- 
tion Overseas, 29 Woburn Square, London, W.C.1 (June 80). 

MENTAL HEALTH RESHAROH FeuLows (suitably qualified 
persons wis to pursue full-time research work bearing on problems 
of mental health, whether in clinical psychiatry, or one of its support- 
ing sclences}—The Secretary, Research Committes, Mental Health 
Research Fund, 39 Queen Anne Street, London, W.i (October 1). 

BIOOHANIST, Basic grade (graduate in chemistry or Associate or 
Graduate Member of the Royal Institute of Chemistry), IN THH 
DEPARTMENT OF PaTHOLOGY—The Group Secretary, Queen Hillza- 
beth Hospital for Children, Hackney Road, London, H.2. 

BICCHHMIST, or an ORGANIG or PHYSICAL CHEMIst (university 
graduate with first- or second-class honours), to work at Miliport on 
organio matter In sea water in its relation to marine organisms— 
The Director, Scottish Manne Biological Association, Marine Station, 
Millport, Isle of Cumbrae, Scotland. 

Brogamwisr (Senior or Basic grade), to the Rochdale Group of 

"Hospitals, to work under the Consultant Pathologist and to carry out 

biochemical work for the hospitals and olinics of the Group—The 
Group Secretary, Rochdale and District H ital Arna remen Com- 
mittes, Central Offices, Birch Hill Hospital, dale, os 

HEAD (medical graduate or science graduate with a higher degree) 
OF THE DIVISION OF VrRoLoey, for duties which will include the super- 
vision of diagnostic services and the carrying out of special investiga- 
tions on, and research into, vuus diseases—The Director, Institute 
of Medical and Veterinary Science, P.O. Box 14, Rundle Street, 
Adelaide, South Australis. 

LEÇTURHE (male, singie, prerray specializing in entomology 
and/or animal physiology) IN AGRICULTURAL ZOOLOGY and ASSISTANT 
WaRpEN—The Clerk to the Governors, Essex Institute of Agriculture, 
Writtle, near Chelmsford. 

LECTURER (with a good honours degree in mathematics with teach- 

and research experience) IN MATHENATIOS— 
Essex Technical College, 


Purysics—The 
Down, Bristol 7. 
SWXIOR TEOHNICIAN or THOHNIOCIAN FOR DUTY IN THB CLINICAL 
I8SGPROPE LAhORATORT TND House Governor, Bt. Mary's Hospital, 
Paddington, London, % 
THOHNIOAL BDITOR (preferably with a pass d , H.N.0., or 
equivalent qualification, and appropriate experience In a related fleld 
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of work), to be employed on editing proof roading, Indexing and 
ca. 


distribution of sclentific repo cations, eto., and tha 
handling of information in rola, ereto—-The Semlor Ro- 
cruitment Officer, United Kingdom Atomio Hn Authority, 


A.W.R.E., Aldermaston, Berks, quoting Ref. No. A.2403/84. 


REPORTS and other PUBLICATIONS 


(not included tn the monthly Books Supplement) 


Great Britain and Ireland 


Genetical Research, Vol. 1, No. 1 (February 1960), » 1724+85 
plates. Published in February, July and November. subscri tion 
rate: 100s. net (inclu tage) for an annual volume of Pires 
parts (17.50 dollars, U.8.A.). Separate 400, or 7 dollars (plus 
Poon ). (London and New York: bridge Unitveratty From, 

Bulletin of the British Museum (Natural History). Zoology. Vol. 6 
No. 2: A Revimon of the Platyseiinase Aon Comat a A.ceosefidee) 
based on Material in the Collections of the Bri Museum (Na 
History). Pp. 26-101. (London: Brith Museum (Natural History), 
1960.) 24s. ‘Bee 


Liverpool Observatory and Tidal Institute. Annual Report, 
. 19. (Liverpool: Liverpool Observatory and Tidal ane 
Pp. 1-160 + plates = 
[262 


saohing Science. By Dr. R. Hooykaas, 
Published for the ran 


es No. 4: Structural Loading tn Factories. By 
1s, 8d, net. 


So, and tt. 
ker in the University of Oambridge during the academical 
1968-1959. Pp z Camb riag 


S niversit a Guide, 1960. Pp. 976. (Lond 
r DUYErS 6, a a 5 Gor ° 
gineer Buyers Guide, 1960.) 73, 6d. Da {272 


kai 


Other Countries 


Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 41 

January 1960): Marked Population Growth in United States and 

: yroquency of Overweight and Underweight. The Accident 

Toll of 1959. ces of Having a Plural Birth. Pp. 12. (New York: 

Metropolitan Life Insurance company. 1980. [192 

Suomen Geodesttisen Laitoksen Julkaisuja, Verdffentiichungen 
Binnischen Geodatischen 


des | Institutes. 0. 52: Vergleichende 
Azimutbeobachtungen mit vier Instrumenten, Von V. R., G : 
Pp. 46. elsinki: Finnischen Geoditischen Institutes, oe [222 

So nd Protectorate. Annual Report of the Geological Survey 


Department for period April 1958~March 1959. 
Stationery Office; London Crown Agents for Oversea Governments 


and Administrations, 1959.) 2s. [222 
Survey Aas Canada, Bulletin No. 55: Fossil Btbionides 
(piera from Bri Oolumbla. By H. M. A. Rice. Pp. x+387+4 
plates. (Ottawa: Queen’s Printer, 1959.) 1 dollar. {252 
The Pasteur Institute of Southern India, Coonoor, Annual Report 
of the Director, 1959, and Safentific Report, 1959. Pp. 104. (Goonoor: 
Pasteur Institute of Southern India, 1959.) [262 
Records of the Botanical Survey of India. Vol 17, No.1: atonograph 
on Indian Ourcurbitaceso (Taxonomy and Distributton). By H. L. 
mace peak Yay +284. (Delhi: Manager of Publications, AOR 
Durban Museum and Art Gallery. Annual Po for the Munia 
Year 1958-1959. Pp. 19. Durban Museum Novitates. Vol. 5, Part 16° 
Miscellancous Taxonomic Notes on African Birds, XIL By P, A. 
a a Pp. 197-218. 5s. net. Vol. 5, Part 17: The Genitalia and 
Food-Plants of the South African Hesperiidae (Lepidoptera : Rhopalo- 
cara). By ape Rev. Desmond Murray. . 219-230 (8 pata: 28. Od. 
Vol. 5, Part 18: Miscallansons onomic No 


if+22. (Hargeisa : 


Birds, XIV. By P. A. Clancey. Pp. 2831-259. Ss. net. 
Ch Commission, East African Trypanosomiaais 
Reesarch O on Report, Jan December, 1058. Pp. +91. 
(Nairobi vernment Printer, 1959.) Sh. 7/60. 252 
Indian Forest Records (New Beres). Timber Mechanics. Vol. 1, 
No. 10: Physical Mechanical Properties of Woods tested at the 
Forest Research Institute, Debra Dan, Report y . Sekhar 
and R. S. Rana. Pp. 168-170. (Delhi: Manager of Publications 
1959.) Bs. 1.12 nP. ; 1s. od. Tess 
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EDUCATION AND THE YOUTH OF GREAT BRITAIN 


HE debates on the Crowther Report, in the 

House of Commons on March 21 and in the 
House of Lords on March 23, were noteworthy for 
the statements of Government policy made by the 
Minister of Education and the Minister for Science, 
although the Government had already indicated its 
acceptance in principle of the recommendations both 
of the Crowther Report and of the Albemarle Report 
on the youth service in England and Wales. The 
debates, moreover, brought out the way in which, to 
some extent, the recommendations of the two reporta 


are interlocked; and, particularly ın conjunction 


with earlier debates m the House of Lords on the 
problems and opportunities of leisure, on March 2, 
and on adult education, on March 16, they also helped 
to clarify a number of the main issues involved and 
the points at which action 1s unperative. Moreover, 
appropriate action is not solely the responsibility of 
the Government ; speaking in the debate of March 2, 
Lora referring to the acceptance of those 
recommendations of the Albemarle Report which 
require Government action, said that the Govern- 
ment would as soon as possible be discussmg with 
the local education authorities the part they should 
play, and that the Minister of Education desired him 
to lay great stress on the need for voluntary effort. 

So far as leisure is concerned, Lord Hailsham him- 
self believes that the vital role of education is in the 
inculeation of mght standards, and that here the 
critical battleground is in the home, with the school 
as an invaluable ally. In this he thinks the technical 
colleges as well as the schools have an important 
part to play: full-time education gives the best 
opportunity of instruction ın the art of using leisure, 
and the key place now occupied by scientists and 
technologists in modern life makes ıt imperative to seek 
to increase their awareness of the economic and social 
importance of their work. Here Lord Hailsham 
referred incidentally to the value of educational 
research—a topic that received a remarkable amount 
of attention in the later debates on the Crowther 
Report. For the rest, however, on this occasion Lord 
Hailsham was concerned to stress the limitations 
placed on Government initiative ın a free society if 
the use by the individual of his faculties is to be 
encouraged and not undermined. 

While the Crowther Report and its recommenda- 
tions have already been discussed m these columns, 
beyond the general acceptance of these recommenda- 
tions in principle little was known of the Govarn- 
ment’s intentions. These have been made much 
olearer-by Sir David Eccles’s speech on March 21, in 
asking the House of Commons to welcome the 
Report. Sir David said at once that the Government 
accepts its major recommendation that the school- 
leaving age should be raised to sixteen provided the 
extra year in full-time education can be spent either 


in school or in a technical college, but he questioned 
the desirability of fixing the date now before we 
have ensured that the necessary conditions can be 
fulfilled, particularly as there is already a strong 
tendency for more children voluntarily to stay on 
after the age of fifteen. 

The four pre-conditions specified by Sir David are, 
first, school buildings adequate to accommodate the 
extra pupils ; competence to hold the mterest of the 
15-16-year-olds ; sufficient teachers; and a public 
opinion which fully supports this step. As regards 
the first, he believes that if the resources were made 
available, we could provide the total building require- 
ment of about £80 million for Englend and Wales in 
four years before the date suggested for raising the 
age. In many secondary schools the teaching staff 
has not yet had a fair chance to provide satisfying 
courses for the O and D streams in their last year, 
and while the Crowther Council is confident that the 
schools could be so much improved by the late 
1960’s that Government need not be afraid to name 
the date now, Sir David said that the public reaction 
to the Report indicates great misgivings about doing 
so now. 

Dealing more fully with the question of teachers, 
which he regards as the heart of the problem, Sir 
David said that about 18,000 teachers would be 
needed to raise the school-leaving age; but before 
we can spare these teachers, we must reduce the 
number of over-size classes and so give the teachers 
in them the chance of doing their job really well. No 
other single reform, in his opimion, would so rawe the 
standard of education in Britain. Four factors have 
postponed the removal of this handicap to good 
teaching: the unexpected mereases in thé birth- 
rate ; the very welcome increase in numbers of those 
voluntarily staying at school beyond the age of 
fifteen ; a considerably greater wastage of teachers 
than was expected; and the introduction of the 
three-year training course for teachers in place of 
the two-year course. This last reform, the only factor 
under Government control, involves the logs in 1962 
of more than 10,000 new teachers coming from the 
training colleges, and because of it, while agreeing 
with the Crowther Committee that one or at most 
two leaving dates during the year would be sound 
educationally, Su David said that because of the 
employment implications, he would be discussing 
that aspect with the Minister of Labour and others 
concerned before reporting to the House the Govern- 
ment’s conclusions. 

As regards the actual supply of teachers, Sir David: 
Eccles said that the output of teachers from the 
39,000 places in the training colleges could not exceed. 
13,000 a year if over-crowding 1s to be avoided and 
reasonable provision reserved for overseas students. 
The Government has accepted in principle the 
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recommendation in the Crowther Report to add a 
further 8,000 places, but Sir David could not say 
how soon this could be achieved; if all went well, 
he thought by 1970 that over-size classes could be 
eliminated and at the same time the school-leaving 
age reised. Dealing next with the introduction of 
county colleges, he said that the Government agrees 
with the Crowther Committee that the raising of the 
school-leaving age should come first for three basic 
reasons stated in its Report. Nevertheless, the 
Government intends to press on with the voluntary 
further education of the sixteen- and seventeen-year- 
` olds, and he believes that the technical college pro- 
. gramme, which has progressed so much m the past 
three or four years, provides the opportunities for a 
big advance. First, the 300 local colleges, well spaced 
in England and Wales, a few of which are already 
running courses of the county college type, form a 
natural focus for the development of county college 
work. Secondly, as the Parliamentary Secretary to 
the Ministry, Mr. K. Thompson, said in replying on 
the debate, the Ministry has plans for much-improved 
arrangements for courses in technical colleges to 
expand further education on & voluntary basis. Some 
400 projects have’ been authorized for the establish- 
ment of new colleges or the improvement of existing 
colleges. 

Sir David did not refer to one umportant point 
made in the Crowther Report regarding the staff of 
the sixth form in schools—the fact that the schools 
have not yet experienced anything like the full 
effects of the declme in the quality of recruitment m 
recent years, nor did other speakers in the debate 
refer to the serious risk of a stall worge crisis m science- 
teaching as the older men and women retire. Besides, 
however, touching on the question of finance, Sir 
David concluded by emphasizing two other important 
matters, both of which were also stressed by Lord 
Hailsham. As regards finance, Sir David estimates 
that, making no allowance for any of the Crowther 
recommendations, the annual cost of education for 
England and Wales would have risen from the 
present £700 mullion by one half by the end of the 
decade, and by four-fifths ın the middle 1970's. 
Nevertheless, the Government believes ıt mght to find 
. this £1,400 or £1,500 million a year for education, 
even if it means sacrifices ın other directions. 

The first of Sir David’s two points is that of 
educational research. The Crowther Committee com- 
mented that the present expenditure on educational 
research, in view of the large annual expenditure on 
education, can only be regarded as pitiable, and that 
if there ıs to be a consistent programme of educational 
development, almost the first step should be to 
review the provision for statistics and research. Sir 
David had referred to some specific examples where 
more information is needed before stating that action 
is already being taken to mcrease the amount of such 
research undertaken by the Ministry and to strengthen 
ite statistical services ; this action was warmly wel- 
comed by several speakers in the debate, notably 
Mr. I. J. Pitman, Mr. F. Blackburn and Sir Hubert 


Ashton. 
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Lord Hailsham did not touch on this question of 
research in his speech in the House of Lords on 
March 23, but generally he followed the line taken 
by Sir David Eccles. Even more explicitly, he gave 
first priority to the elimination of over-size classes, 
which he thought should be possible by the end of 
the present decade ; and in referring to the plans for’ 
more teachers, he urged that the number of graduates 
among teachers should be substantially increased. 
He also referred particularly to the provision of 
graduate teachers of science and mathematica. To 
maintain 1959 staffing standerds in 1970, we shall 
need to increase the present 12,800 graduates in 
science by about 400 a year net, and ideally we 
should at least double the average net annual 
increase ; though Lord Hailsham does not think we 
are hkely to achieve this even with the proposed 
expansion of the universities and a significant con- 
tribution from the training colleges, where a number 
of specialist science wings have been attached to 
general colleges with a capacity of about 1,200 
places. The four hundred science specialiste expected 
from these wings should provide an invaluable supply 
of teachers to the schools, especially those with 
General Certificate of Education ‘Ordinary, Level ` 
courses which at present employ 3,250 non-graduate 
science teachers. In March 1959 there were 5,100 
methematies graduates and 7,700 science graduates 
teaching senior pupils in mamtained schools; but at 
the end of 1958 there were 505 such poste vacant and 
another 509 were said to be unsatisfactorily filled. 

On finance, Lord Hailsham reiterated his view that 
we should spend at least 6 per cent of the gross 
national product on education. He also pomted out 
that even without the 8,000 additional places in 
teacher-training colleges, the cost of education m 
Britain will rise to £1,000 milhon by 1964, and with 
university education wil then be more than 6 per 
cent of the estimated gross national product. He 
reminded the House that education will be in com- 
petition with claims on the national income from 
roads, railways, pensions and National Health 
Service, for example, and that it is imperative that 
investment in factories, transport, machinery and 
laboratories should keep pace with educational 
advance. He admitted that ıt is a great weakness in 
the educational system of Britain that so many 
children go out of full-time education at fifteen, but 
he emphasized the importance of first making sure 
that the curriculum is suitable to the needs of those 
who are thus compelled to remain at school. 

Apart from a passing reference at this point to the 
county colleges and the experiment proceeding in 
some local colleges of further education, the most 
important remaining passages in Lord Hailsham’s 
speech were those which took up the comment in the 
Crowther Report on the absence of any -single body ' 
within the United Kingdom which leoks at school 
and university education as a whole, and in which he 
urged that the schools and universities should come 
closer together. Sir David Eccles had already touched 
on this in referring to university entrance and‘to the 
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helpful response he had had from the Committee of 
Vice-Chancellors and Principals, who, he said, are 
fully alive to the need for more university places to 
be available and the conditions of entrance to be 
modified to enable sixth-form teachers to find time 
to teach English thoroughly, and to provide more 
«science for the arts specialists and more of the arts 
to the scientists. 

On the question of university places, Sir David said 
that the University Granta Committee has already 
been authorized to discuss with the universities a 
further expansion of 35,000 to 40,000 places by about 
1970 over and above the present target of 135,000 to 
be available by the late 1960’s. Lord Hailsham 
commented that not long ago strong exception would 
have been taken to the Minister of Education show- 
ing such interest in the universities. He welcomed 
the change, and what Sir David had affirmed that 
these problems of university entrance, over-special- 
ization and reform of the curriculum are now being 
vigorously attacked in concert by tbo universrties, 
the schools and the Ministry. During the debate, 
Lord James of Rusholme urged that the raising of 
the school age is not so much a question of an extra 
school year as of an opportunity to provide a genuine 
courke $f secondary education, and has also both the 
importance of sixth-form work and the danger of 
over-emphasizing the gulf between science and 
human knowledge. In replying on the debate, Lord 
Hailsham dealt with what is probably the most vital 
issue in regard to the fixing of a date for raising the 
echool-leaving age. He did not dispute the value of 
this step or deny the plea for timing which Lord 
James had reiterated. Conceding, however, the 
Crowther Committee’s conclusion that the necessary 
measures should be worked out and adopted as a 
coherent, properly phased development programme, 
extending over as much as twenty years, it remains 
true, as Lord Hailsham pointed out, that we are 
deshng with parents and children who do not share 
that view as to the value of education after the age 
of fifteen. It is not simply a question of buildings 
and the supply of teachers or the development of 
appropriate curriculum, but of at what stage and m 
what circumstances we are to apply the principle of 
compulsion not only to laggards but also to a minority 
of children whose formal education might well have 
ceased at fourteen or even earlier. 

There is, of course, a further point implicit in a 
speech of Mr. C. Curran in the House of Commons 
debate, in which he urged the raising of the school- 
leaving age to sixteen on the grounds of the social 
value of taking children of fifteen off the labour 
market as soon as we can, so as to deny the purchas- 
ing power largely responsible for many juvenile prob- 
lems. From both aspects this question of an additional 
achool year is related to the problem of leisure and 
to the development of youth services, and it should 
be clear that any phased programme of educational 
development in Britain must take account in its 
timing and other aspects of what is being done to 
meet the needs of youth generally and to deal with 
the problems of leisure. That much was indeed 
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recognized by the Albemarle Committee itself; but 
Sir Geoffrey Crowther, in a speech in Manchester on 
March 22, challenged the idea of absolute priorities, 
and with regard to county colleges pressed the need for 
considerable experience before we commit ourselves 
to compulsory attendance. Ibt may well be that 
ultimately the broad advance for which the Albe- 
marle Report calls, and a generous return for the 
money expended on the youth service, will result from 
the effect of educational progress generally ; it will 
also depend on the creation of an appropriate public 
opinion and the impetus given to the supply’ of 
teachers and youth leaders of high quality and 


clear vision and the professional ability to use to the - 


full the opportunities which are now opening to them. 


MANAGEMENT OF RESEARCH 
PERSONNEL m 


The Human Element In Research Management 
By Dr. B. E. Noltingk. Pp. vii+91l. (Amsterdam : 
Elsevier Publishing Company; London: D. Van 
Nostrand Company, Ltd., 1959.) 9s. 6d. ` 


FOUND the title of this book somewhat misg- 

leading. Its really a book about research personnel 
management, rather than about the more restricted 
conception of the use of the word ‘human’. It has 
chapters on scientists themselves, anatomy of & 
laboratory, physiology of a laboratory, seniors, 
juniors, strategy, output and ethics, but does not, for 
example, deal at any great length with the hopes 
and aspirations of research scientists, and does not 
attempt to analyse their motivations. 

Despite the author’s rather disarming statement 
in his preface of what ‘prompts me to the conceit of 
writing a book without many years’ opportunities to 
put all its precepts into practice”, I was left with the 


feeling that some greater experience on the part of the - 


author and a deeper study of the existing literature 
on his subject might, when coupled with his own 
views, have produced a book of deeper significance. 
For example, the author gives some reasons for not 


having made himself familiar with all the published ` 


work in his field before venturing into print, but the 
works to which he does refer are, in the main, articles 
in journals the main interests of which lie m somewhat 
different directions, and which are summaries rather 
than the results of systematic observation and 
investigation. 

I am, perhaps, somewhat biased on this matter 
because I am writing this review m the United 
States, where there is a considerable literature on Dr. 
Noltmgk’s subject. Much that has been written in 
the United States on this subject might never have 
achieved publication in Great Britain, but for all that 
the subject has received considerable systematic 
study, and the author should, I think, have shown 
that he was aware of this. This does not mean that 
on the whole I disagree with the author’s views, but 
they are rather naive, and because his experience 
would appear to have been rather limited, he has not 
produced anything particularly novel. 

The book is well written, and the biblical quotations 
at the chapter headings are apt. Dr. Noltingk does 
well, in my view, to stress greatly the importance of 
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asking the right questions concerning research. Most 
of his generalized conclusions would be agreed by 
many research scientists who have had to give at least 
part of their attention to the organization and control 
of the work of others. 

Some of the author’s statements are, however, 
not in accord with past experience. For example, in 
dealing with the problem of the older scientist he 
states that if such an individual’s project has perforce 
to be stopped, moving him outside the laboratory 
may well be the soundest policy. He then makes the 
common error of suggesting that perhaps laboratory 
administration is a good outlet for him. He goes on 
to say that “it is doubtful whether a deficiency of 
several years’ experience could ever be remedied to fit 
him for the role of a senior scientist in a different 
field”. For many scientists this may be true, but 
certainly for many more it is true that they can enter 
entirely new fields effectively and successfully, and 
experience during the Second World War showed that 
scientists could do first-class research in disciplines 
entirely different from those in which all their previous 
experience lay. I am one of those who believe that 
very few scientists are dedicated, in the sense that 
they oan do effective work only in one field. I know 
from experience that some people with first-class paper 
qualifications will probably never do any effective 
original work in any field, but for the great majority 
of acientiste I believe that a good man will be good in 
whatever he tackles. 

In dealing with salaries, the author suggests that 
a time might arrive when “the man in authority 
could sometimes actually be paid less than those 
under him”. This position has existed for many years 
in many large research organizations, if one accepts 
‘under’ as meaning ‘organizationally under’. In 
many research organizations in Great Britain and in 
the United States there are two avenues of promo- 
tion, one organizational and the other depending 
purely on scientific ability with no significant organi- 
zational responsibilities. The ‘special merit’ pro- 
motions in the Scientific Civil Service m Britain and 
the wide use of ‘consultants’ in the United States are 
examples of this. 

In dealing with periodical reviews of staff for 
promotion, the author comes to the conclusion that 
“the simple solution of leaving him to be assessed by 
the boss, who will apportion accordingly the money 
he has available, is the best”. This is a system which 
may work in a small organization, but concerning 
which there are very great difficulties where large 
numbera of staff have to be considered. Various 
bosses have various standards, and in any organiza- 
tion, if good staff relations are to be maintained, there 
must be reasonably common standards throughout 
it. Some systemization must therefore be attempted 
unless all the staff can be judged by one individual, 
and even then my experience is that the majority of 
junior staff dislike such a system. They feel that their 
careers depend too much on the whim of an individual, 
and that whether they get promotion or not may be 
almost fortuitous. The larger the organization the 
more this appeara to be felt, and it is often not realized 
that in large organizations, such as the Crvil Service, 
much of the apparent ‘red tape’, and even much of 
the apparent inflexibility, derives not from the wishes 
of the top people, but from the pressures from 
below. The era of ‘the boss can’t be wrong’ has 
passed, and although all matters of advancement must 
to a great extent be the result of subjective assessment 
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by others, modern systems can reduce considerably 
the element of chance. ; 

In dealing with what he oalls the physiology of the 
laboratory, Dr. Noitingk comes to the conclusion that 
it should not have a larger staff than about 300 if it is 
truly to be directed by one man. He thinks that if it 
is larger than this, then the divisional heads will 
become virtually directors of separate units. This is* 
probably true, although there are many examples of 
larger organizations being directed by one man if the 
organization has grown up under him. On the other 
hand, it is a little doubtful whether one man can 
become director of an existing laboratory, even of the 
300 size, and be effectively the director of the science 
as well as the director of the institution, but here 
much will depend on the nature-—not the discipline— 
of the work. Very much larger organizations can be 
directed by one man if they are what the Americans 
call ‘uni-purpose’, that 1s to say if they have a con- 
vergent structure, and this is particularly the case 
when the scientific work is applied rather than 
fundamental. The size of the organization which can 
be directed by one man becomes much less when the 
organization is multi-purpose-or divergent, that is to 
say where there is no close relationship between the 
objectives of the various subjects studied. i 

In one matter I cannot agree with Dr. Noltingk. 
In several chapters in the book he mentions the need 
for a laboratory to advertize ita existenf :° for 
example, in one chapter he says, “. . . for research 
laboratories in the modern world, like detergents or 
beer, need to keep themselves in the public eye not so 
much by reasoned argument of their excellence as by 
frequent reminders of their existence”. In a further 
chapter on output he again says about a laboratory, 
“A proportion of its activities should quite openly 
and admittedly be devoted to blowmg its own 
trumpet, and betterment of the regard m which it is 
held should be recognized as part of its desired 
output”. 

Something of this sort may be necessary in the 
organization of which a laboratory is part, but I 
would have thought that the general principle of 
‘good wine needs no bush’ applies very much to 
scientific research establishments. If they do good 
work they will become well known, and however 
large they are and whatever their publicity policy, 
unless they do good work their reputation will suffer. 
I particularly, therefore, disagree with the author 
when he says of a laboratory director, “. . . the need 
to approach problems scientifically should be, with 
the praises of his own laboratory, the twin stanzas of 
his signature tune”. E. 8. Hiscocxs 


MAYA HIEROGLYPHICS 


Maya Hieroglyphic Writing 

An introduction. By J. Eric 8. Thompson. Second 
edition. Pp. xxii+347+64 figures. (Norman, 
Oklahoma: University of Oklahoma Press, 1960.) 
10 dollars. 


HEN this book first appeared in 1950 as one of 

the publications of the Carnegie Institution of 
Washington it was thought that ıt was only for 
specialists, but ıt was written with such a background 
of knowledge of the Maya, both those who survive 
and those long dead, that ıb has had a far wider 
appeal. It has been out of print for some time and 
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the demand for it has proved so great that this new 
edition has been issued by the University of Oklahoma 
Press. Apart from a short preface reviewing progress 
since 1950, it is a facsimile reproduction of the first 
edition, with the welcome addition of a substantial 
binding. Experience has shown that a word of 
explanation about the title of this massive work will 
‘not come amiss; far from being a mere introduction 
to Maya hieroglyphics, it is a very profound study 
of this difficult subject, but it was also designed to 
introduce a dictionary of non-calendrical glyphs, a 
work which the author has only just finished. Eric 
Thompson has studied the Maya for the past thirty 
years or so, and has long been known as one of the 
foremost authorities on their hieroglyphic writing. 
This book has added greatly to his reputation. 

It contains a wealth of detailed information about 
the various types of Maya inscription, those cut in 
wood and stone, and those painted in the manuscripts 
and to a lesser extent on wall or pot. Each of the 
great synchronized cycles which make up the calendar 
` is considered, and new light is thrown on divinatory 
inscriptions. All this reveals the staggering complexity 
of the subject ; but the treatment is hghtened by the 
. author’s constant insistence on human and spiritual 
factors and by the happiness of his style. He says in 
effect that mathematics and astronomy have an 
essential part in this study, but that an understanding 
of Meya religion and mythology is as important, and 
he goes so far as to say that “Mysticism, religion 
and poetry completely dommate their hieroglyphic 
writing.” It 1s emphasized that the whole of Maya 
religion revolved around the majestic conception of 
the eternal march of time, in which the periods into 
which the calendar is divided are borne along by the 
gods, who pause only to change their burdens over 
like relay runners at the appropriate period endings. 
This is graphically shown on the most elaborate form 
of inscription, the full-figure glyphs exemplified by 
Stela D at Copan, of which a free modern version 
forms the frontispiece. 

The brevity of this notice is not a measure of the 
importance of the book, which 1s unsurpassed in its 
own, field, but of the small number of those who con- 
cern themselves with the study of the Maya in Great 
Britain. It is pleasant to record that the author 
himself has returned to swell ther number after living 
for many years in the New World, and it is to be 
_ hoped that his new Glyphic Dictionary will soon be 

published. G. H. 8. BUBHENELL 


WORLD DISTRIBUTION OF ABO 
BLOOD GROUPS 


The ABO Blood Groups 

Comprehensive Tables and Maps of World Distri- 
bution. By Dr. A. E. Mourant, Ada ©. Kopeć and 
Kazimiera Domaniewska-Sobezak. (Occasional Pub- 
lication No. 13 of the Royal Anthropological Institute.) 
Pp. viii-+276. (Oxford: Blackwell Scientific Pub- 
lications ; Springfield, I.: Charles C. Thomas, 
Publisher, 1958.) 42s. net. 


R. MOURANT and his colleagues have brought 

together all the resulta published up to the end 

of 1957 on the frequency of the ABO blood groups in 

the human population; the figures are given for the 

majority of areas in the world. The result is a most 

comprehensive book on the distribution of these 
groups incorporating 1,056 references and 6 maps. 
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After a short introduction, the information is given 
m the form of tables. These show place, population, 
authors and numbers of samples examined, the 
frequencies of each of the groups, the calculated 
gene-frequency and, in the last column, the figure 
D/o. ‘The vast bulk of the material has been published 
in the form of the groups O, A, B, and AB, but there 
are sections where the sub-groups of A have been 
wholly, or partially, classified. The authors say that 
“the classification adopted for the data is primarily 
topographical” ; both place and population are well 
covered, and the population column includes racial 
or tribal names where appropriate. 

In the largest section of the work, the gene-fre- 
quencies have been calculated according to Bern- 
stein’s formula, but in the section where the sub- 
groups of A are completely classified the maximum 
likelihood method is used. The figure Djo in the last 
column is given in preference to the usual y*?; it is a 
measure of the deficiency or excess of the group AB 
in the results as compared with the calculated fre- 
quency. The authors consider that this value allows 
the reader to make his own estimate of the reliability 
of the results with respect to genetical homogeneity 
or accuracy of testing. It is unfortunate that the 
authors did not write a more comprehensive intro- 
duction, giving details of the statistical calculations 
and more details of the factors which affect the value 
of D/o, with a discourse upon the interpretation of 
the results ; for the average reader this would have 
been most helpful. The claim of the authors that this 
single figure gives a general indication of the reliability 
of the results is probably valid, but others might 
well have need to consult the original paper to 
obtain an accurate estimate of a particular work. 

The book is an excellent reference book, with good 
typography. It is easy to read and the tables are set 
out (and the book opened) in the long way, which 
makes them easy to see ; but the book is not go easy to 
fit into a bookcase. To have all this information 
available in such a small compass is, indeed, valuable 
for all who are concerned with blood groups, whether 
they are hwmatologists, anthropologists or geneticists. 
Dr. Mourant and his colleagues are to be congratulated 
on the production of this extremely oomprehensive 
and unique work. F. STRATTON 


FACTORS AND CAUSES OF 
INFECTIVE DISEASES 


The Aetiology of Infective Diseases 

With Special Reference to the Subsidiary and 
Important Non-specific Factors. By Prof. Reginald 
Lovell. Pp. vii+136. (London: Angus and Robert- 
son, Ltd., 1958.) 278. 6d. 


N this book Prof. Lovell, whose experience and 

authority are well known, gives us the substance of 
lectures which he delivered in the Department of 
Microbiology and Public Health at Michigan State 
University in 1955. He intends the book to stimulate 
rather than to instruct, and hopes it will awaken 
interest in the philosophy of epidemiology ; both 
of the aims are certainly achieved. Much knowledge 
of fact ia also added in the author’s clear and persua- 
sive style. Though the text refers largely to diseases 
of domesticated and other animals, the relationship 
between these and the diseases of man is well brought 
out. 
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The book begins by pointing out that the nature 
of disease is always changing and that this constant 
change is part of our social history. An infective 
disease, once it is established, Prof, Lovell reminds 
us, may stay with us for good and he gives us evidence 
of this. Discussmg next the normal bacterial flora 
of man and other animals, and the phenomena of 
resistance (immunity) to disease, he goes on to discuss 
the host-parasite relationship, which, like disease, is 
never stable, a fact which is, in spite of Lovell’s view 
to the contrary, very well realized nowadays. 

In Part 2 of the book the author discusses various 
subsidiary factors which play a part in infective 
disease. Thus the influence of age 1s illustrated by 
reference to white scours of calves, infantile diarrhea, 
lamb dysentery, Johne’s disease of cattle, meningitis 
in children, diphtheria, scarlet fever, leptospiral 
infections and various viral diseases, imoluding 
poliomyelitis. The significance of sex is illustrated by 
reference to mastitis and pyelonephritis of cattle, 
trichomoniasis, tuberculosis, brucellosis and other 
infections. The effects of changes in the host’s diet 
are illustrated by reference to botulism, food poison- 
ing by Salmonella, enterotoxemia of lambs and 
protein deficiencies and those due to changes in 
husbandry and environment, by tuberculosis, the slow 
pneumonia of sheep in Iceland called ‘maedi’ and by 
Johne’s disease of cattle and braxy of sheep. Fungal 
infections are considered under the heading of the 
effects of the general health of the host. In an 
interesting section on the effects of trauma the author 
discusses tetanus, gas gangrene and infections with 
various species of Closiridtum and those due to the 
bites of animals, such as rabies. The effects of stress 
and fatigue and the use of properdin and adreno- 
corticoids for the treatment of them are then con- 
sidered, and a final section discugses infections which 
involve a living vector as well as a pathogen, the 
diseases here discussed including rickettsial and viral 
infections, influenza of man and swme, louping ill, 
foot and mouth disease, yellow fever, psittacosis, Q 
fever, distemper of dogs and the different distemper 
_of cats and other infections. A brief bibliography 
gives references to standard works. 

Both the veterinarian and the student of human 
disease will learn much from this book, and ıt will, as 
its author commendably intends, make him discard 
any tendency he may have to think of each disease 
as & separate entity. G. LAPAGE 


A TREATISE ON STATICALLY 
INDETERMINATE STRUCTURES 


Hyperstatic Structures 

An Introduction to the Theory of Statically Indeter- 
minate Structures, Vol. 1. By Prof. J. A. L. Matheson. 
With chapters by Dr. N. W. Murray and Dr. R. K. 
Livesley. Pp. xv+474. (London: Butterworths 
Scientific Publications, 1959.) 90s. 


HE student of that branch of elasticity which 

deals with structural mechanics too often finds 
himself confused by the numerous ‘theorems’ and 
‘principles’ which so liberally ornament the literature 
of the subject. This confusion is worse confounded 
by the use of various names for the same result, 
and even, on occasion, the appropriation of a 
well-established designation for something quite 
different. 
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In fact the number of independent principles which 
are of value to the engineer are surprisingly small, and 
even if the subject is approached from a purely 
academic pomt of view rather than from a more 
practical one, that number is not greatly mereased. 
Many of the results which are so frequently stated as 
principles are in fact variations, often obvious ones, 
of fundamental theorems. These variations may, 
indeed, prove very useful in particular applications, 
but their isolation from the fundamentals on which 
they are based makes for an artificial elaboration of the 
subject and the consequent bedevilment of the student. 

One of the avowed objects of the author of this 
book is to clarify this position and to show the inter- 
relationship of the many theorems and methods 
commonly quoted. The result will be of considerable 
interest to the reader who already has a working 
knowledge of the subject ; but the word ‘introduction’ 
in the title may prove somewhat misleading and even 
disheartening to the real beginner. 

In the preface the author says that the book is an 
attempt to produce the treatise (incidentally a much 
better description of the work than is indicated by 
the title) which his friends hoped that the late Prof. 
Cyril Batho would write. Batho had an extensive 
knowledge of German hterature on theory of struc- 
tures and a great admiration for the work of Mueller- 
Breslau in particular, and his friends will be m no 
doubt that he would have been pleased by Prof. 
Matheson’s treatment. This comment, however, does 
only partial justice to Matheson ; in addition to the 
careful presentation of the classical work of Clerk 
Maxwell, Mohr, Castigliano, Wiliot and Mueller- 
Breslau there is much which could not have been 
found in a book by Batho, for even in the few years 
since his death considerable advances have been 
made. References to the work of David Williams, 
E. H. Brown and others in clarifying the relationship 
between the different energy theorems, and the 
specialized chapters on the stability of struts and 
frameworks, and on matrix methods of analysis, by 
N. W. Murray and R. K. Livesley respectively, 
indicate the up-to-date character of the book. 

In this connexion, too, the inclusion of a short 
account of the work of Prof. J. F. Baker and his 
colleagues at Cambridge is to be welcomed as an 
outline of the latest trends in steel structural design 
based on collapse loads; the possibility suggested 
by the author that this reference may be out of place 
in a work dealing with elastic structures surely need 
not be considered seriously. Elastic and plastic 
behaviour are both phenomena with which the 
engineer has to deal, and any attempt at a complete 
separation of their study can only lead to an unbal- 
anced outlook. 

A. suggestion for future editions which might be 
offered is that the section of Chapter 1 which deals 
with intuitive methods for the approximate solution 
of statically indeterminate problems should be 
relegated to an appendix. It is undoubtedly true that 
è visualization of displacements can materially assist 
the analysis of a structure, but it is equally true that 
intuition can come only as a result of experience and 
knowledge, and to suggest some of the ideas contained 
in this section at such an early stage may prove a 
disservice to the student rather than a help. 

The book is excellently produced, and with its 
companion volume of examples which is promised 
for a later date will add something distinctive to 
British literature in theory of structures. One wishes 
it the success which it merits. A. J. 8. Preparp 
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A Guide-Book to Biochemistry 
By Kenneth Harrison. Pp. viiit+150. (Cambridge : 
At the University Press, 1959.) Cloth edition, 178. 6d. 
net; Paper edition, 10s. 6d. not. 


HERE are several good modern biochemistry 

books in the thousand-page category, but there 
18 a real need for the introductory type of book of a 
hundred pages ‘dr so. Biochemistry has grown into 
such a vast subject that an author who is courageous 
enough to write a small book about it is sure to be 
criticized for what he decides to leave out, if not for 
what he puts in. The decision will, of course, depend 
on the type of reader the author has in mind. Accord- 
ing to the dust cover (for which the author may not 
be responsible), this book is aimed not only at science 
students at the university, but also at boys and girls 
at school who may be thinking of taking up bio- 
chemistry later on. What wul these potential bio- 
chemists find in the book ? After a short introduction 
they will find chapters on energy, oxidation (including 
several pages on the rH scale), photosynthesis, 
metabolism of carbohydrates, fats and proteins, and a 
final chapter on control of metabolism. For good 
measure they will be able, in an appendix, to study 
the full structural formuls of complex molecules 
such ag coenzyme A or uroporphyrin-III. But they 
. will find nothing about, say, hæmoglobin and ite 
functioms, and, as the author himself says, it is a far 
cry from the contents of this book to a dog or a cat 
or even & cabbage. One wonders whether the cry 
need have been quite so far as it is. No, the value of 
this book is not so much as an introductory guide to 
biochemistry for school children or for university 
students, but as a means of helping students to con- 
solidate and summarize biochemical knowledge which 
they have gained from their lectures and text-books. 
Here it will fulfil a most useful purpose. The inform- 
ation, though so highly condensed, is clearly set out 
and ıs up to date. The book is well produced, and few 
misprints were noticed. The price is very moderate, 
and it was a good idea to make available a paper- 
backed edition at an even lower price. 

D. C. HARRISON 


Nuclear Electronics 

Proceedings of the International Symposium on 
Nuclear Electronics organized by the French Society 
of Radioelectricians. (Sessions 1—5.) Pp. xii +452. 
(Vienna: International Atomic Energy Agency, 
1959.) 84 schillings; 248. ; 4 dollars. 


HIS volume contains the texts of fifty papers 
presented by delegates from the European 
countries and the United States at sessions 1-5 of the 
symposium on nuclear radiation detectors, associated 
pulse techniques and reactor control measurements 
and instrumentation. About a half of the papers are 
printed in English and the rest in French. A brief 
record of the discussion periods is given at the end of 
each of the five sections. 

Session J, on scintillation radiation detectors, 
includes a general review paper on the characteristics 
of phosphors and photo-multipliers developed during 
the past ten years and summarizes the important 
problems for future investigation. Separate papers 
deal with fast photo-multiplier tubes and with 
scintillation processes ın phosphors, including varia- 
tion of phosphor decay-tiume with specific ionization, 
and its application in differentiation of particle types. 
Session 2 is devoted to other types of radiation 


NATURE 


583 


detectors used mainly in nuclear physics measure- 
ments, and includes short papers on ionization 
counters, scintillation in gases, a gas Cerenkov 
counter and semi-conductor radiation detectors. 
Three papers describe developments in gamma-ray 
spectrometry. 

Session 3, on fast pulse techniques, includes a brief 
review of fast electronics in high-energy physics, and 
separate papers on trigger circuits, coincidence 
circuits, timing circuits and pulse generators for use 
in the nano-second time region. Session 4 on pulse 
techniques is devoted mainly to pulse-height analysers 
while Session 5 contains a short review on philosophy ° 
of reactor safety control in the United States, and 
several contributions on control systems and measure- 
ments in French reactors. 

Much of the information has been published else- 
where in greater detail, but the collected papers will 
serve as a useful reference book on recent developments 
to designers and users of nuclear electronic equipment. 

W. ABson 


Electromagnetic Radlation from Cylindrical Struc- 
tures 

By James R. Wait. Pp. ix+300. (London and New 

York: Pergamon Press, 1959.) 508. net. 


HE designer of aerials for aircraft and missiles 

must co-operate with the aerodynamicist and is 
therefore led to types of aerial which can be mounted 
on wings or fins without disturbing their aerodynamic 
properties. A satisfactory form of aerial is the slot, 
for which the behaviour in an ideal infinite conducting 
plane is well known. On an aircraft, however, the slot 
must be mounted on a relatively small conducting 
surface, which inevitably has an appreciable curva- 
ture. There is therefore a need to have information 
on the influence of curved surfaces on the radiation 
from slots and also from small dipoles mounted at 
right angles to the surface. The author of the present 
book hag tackled this problem for those surfaces 
which admit the possibility of a formal electro- 
magnetic solution. The surfaces include circular and 
elliptic cylinders, wedges and corner reflectors. In 
each case a detailed mathematical solution, usually 
in series form, is derived and comprehensive numerical 
results are given for the parameters likely to be of 
practical interest. These numerical results, which 
are given graphically, can be readily used by the 
practical designer even if he is not mterested in the 
details of the theory. 

The material is clearly presented and should be 
mtelligible to the physics or electrical engineering 
graduate with a reasonable knowledge of electro- 
magnetic theory. A useful appendix on the classical 
theory of radiation from current distributions serves 
as a revision of the fundamental results from which 
the main text is developed. An excellent feature is 
the frequent reference by the author to the similarity 
between radiation and scattering problems, and the 
reciprocity theorem is used to illustrate this. The 
volume is thus also of value to those interested in the 
theory of electromagnetic wave scattering. In 
particular, the short account of the work of Fock in 
this field provides an admirable introduction to the 
many original papers which use Fock’s methods. 

This book fills @ gap ın the existing literature 
and is strongly recommended to those with theoretical 
interests in aerials and electromagnetic scattering 
problems. J. Brown 
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USE OF LONG-LIVED NATURAL RADIOACTIVITY AS AN 
ATMOSPHERIC TRACER 


By W. M. BURTON 
Atomic Energy Research Establishment, Harwell 
AND 
N. G. STEWART 


Dounreay Experimental Reactor Establishment 


HE fission product activity ın the atmosphere 

and in rain-water due to nuclear test explosions 
has been sampled in the United Kingdom and else- 
where for several years'-*. Studies of the distribution 
of some of the long-lived components of this activity, 
in particular, strontium-90 and cmsium-137, have 
revealed interesting seasonal variations and latitude 
distributions which have been interpreted as sup- 
porting the Dobson—Brewer model of atmospheric 
circulation deduced from measurements of ozone and 
water vapour’. Elements produced by cosmic rays 
have been proposed as possibly fruitful tracers for 
further stu dies of atmospheric movements‘. 

A. common feature of all such tracers, fission pro- 
ducts, ozone and isotopes produced by cosmic rays is 
that their effective source lies in the stratosphere. 
They can consequently be used directly to study the 
mechanism of transport of air from stratosphere to 
troposphere, but not the complementary transport in 
the opposite direction. It seemed that a useful group 
of radioactive isotopes for this purpose would be the 
longer-lived, daughter products of redon—radium-D, 
-E and -F—which are naturally present in the 
atmosphere as a result of the leakage of radon from 
soils and rocks on the Earth’s surface. 

This article gives the results of an exploratory 
survey of the distribution of these isotopes in air and 
in rain-water, derives certam conclusions from these 
and points to the value of a more comprehensive 
programme. 


Radon Decay Products 


Radon is one of the elements formed by the radio- 
active decay of uranium which is present in greater 
or lesser degree in rocks and soils all over the world. 
Being a gas, radon can escape from the Earth’s 
crust into the atmosphere, where it disintegrates 
radioactively to form a chain of solid daughter 
products, each of which is produced by the dis- 
integration of the preceding one, the final element 
being lead, which is stable. The half-lives and 
radiation characteristics of the decay products are 


Table 1. RADON AND ITS DHOAY CHAIN 
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shown in Table 1, where for clarity minor branches 
of the decay series have been omutted. 

The daughter products are ultimately washed out 
of the atmosphere in rain after a mean period of 
residence in the troposphere of about 20 days (par. 2 
of Discussion). The half-lives of the radrum-A, -B, -C 
and -C’ are short compared with this mean residence 
time, and these isotopes are generally found to,be in 
secular equilibrium with each other and with ‘the 
parent radon’. Since radium-D takes some 80 years. 
to reach equilibrium with radon, it is removed from 
the atmosphere by rain long before this statg can be 
reached. Thus, typical values of the concentration 
of radon over land and sea are 200 d.p.m./kgm. 
(disintegrations per min. per kilogram of air) and 
4 d.p.m./kgm., respectively*, but the mean value of 
the radium-D concentration at ground-level reported 
by Blifford is only 0:03 d.p.m./kgm.’. For the same 
reason. it is to be expected that the radium-E concen- 
tration will be less than that of radium-D, and radium- 
F jess than radium-E. The low concentration of all 
these isotopes makes it necessary to pass large volumes 
of air through filters in order to obtain samples large 
enough for analysis, and complications can result 
from the collection of soot and other airborne dusts 
which may interfere with subsequent chemical 
separations. 


Sampling Procedures 


Air sampling programme. Ground-level air samples 
were collected at a height of 1 m. above the grass 
airfield at Harwell using cylindrical filters of esparto 
grass paper through which about 6,000 kgm. of air 
were passed at a mean linear speed of 140 com./sec. . 
during a normal 24-hr. period’. Above ground-level 
the samples were collected on filters attached to ar- 
craft which were flown, primarily to collect fission 
products, at various fixed altitudes up to 48,000 ft. 
Some of these samples were obtained on disk filters 
fitted in a tube which carried an orifice plate for 
measuring airflow during flight. In general, the 
amount of air sampled in each such flight was too 
amall for analysis; but by combining and analysing 
a batch of several filters from the same altitude it 
was possible to determine mean values of the specific 
activity at that altitude. On other occasions, a 
cylindrical filter was flown together with the disk, 
and the much larger amount of air thus sampled 
was determined from the ratio of the fission product 
activities of the two filters and the airflow through 
the disk. Typical linear sampling velocities were 
460 om./sec. at 18,000 ft. and 350 cm./sec. at 48,000 ft. 
The filters analysed were collected at various times 
between 1951 and 1957. 
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The efficiency of filtration is subject to uncer- 
tainty ; but this is not considered to be serious. The 
radon daughter products are created as individual 
atoms in the decay process, and filtration efficiency is 
known to be high for such particles*. However, it 
has been demonstrated that the atoms can become 
attached to condensation nuclei m the atmosphere’, 
and in this form filtration efficiency may be lower. 
Recent measurements made at Harwell’ have shown 
that at sampling velocities in the region of 400 
em./sec. the sampling efficiency of esparto paper 
has a minimum value of 40 per cent for condensation 
nuclei of diameter 0:06u. The efficiency increases 
rapidly with diameter and has a value of about 
70 per cent at 0-082. Mobility studies have shown 
that, when first formed, condensation nuclei have 
diameters in the region of 0-001p, but they coagulate 
rapidly and reach 0-Oly in about I hr. and have 
increased to 0:08u in about 30 hr. The atmospheric 
residence-time of daughter product atoms will be 

own to be about 20 days, and during this period it 
is probable that the nuclei to which they are attached 
_ are larger than 0 08, and that the sampling efficiency 

is relatively high. A value of 100 per cent has been 


bie akeuimed in this article. 


Rain-water sampling programme. Samples of rain- 
’ water were collected at Harwell in polythene bottles 
using two identical polythene funnels each with a 5- 
crf. wim and a collecting area of 2,000 em.?. Each 
funnel and storage bottle was cleaned and rinsed with 
distilled water before sampling began. To eliminate 
the possible effect of dry deposition on the funnel, the 
apparatus was only set up when a period of steady 
rain was beginning and it was taken in as soon as 
the rain stopped. The samples were acidified with 
nitric acid, carriers (lead and bismuth) added, and 
the volume measured before returning the samples 
to polythene bottles to await evaporation and 
chemical analysis. By independent analysis of the 
samples collected in the two units a check could be 
made on the reproducibility of the subsequent pro- 
cessing of two similar samples. Typical collections 
provided 2—6 litres of rain-water during a sampling 
period of a few days. 


Chemical Separation Methods 


The measurement of small quantities of radium-D, 
-E and -F m air and rain-water samples is complicated 
by the presence in the atmosphere of fission products 
from nuclear test explosions. During the course of 
the present experiments, the fission product concen- 
tration in air was very variable and generally exceeded 
the radium-D concentration by a factor of 100 at least. 
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Trace-level experiments were carried out with 
solutions of radium-D, -E, -F and fission products and 
& complete separation procedure was worked out, 
based on solvent extraction of the dithizone com- 
plexes of lead and bismuth. Full details are given 
elsowhere'4. The extracted isotopes were measured 
using standard low-background Geiger and scintilla- 
tion counters. 

The analytical method extracted at least 80 per 
cent of the radium-D, -E and -F from the samples and 
the limit of significant measurement was 2 d.p.m. 
The radiochemical purity of the separated isotopes 
wes satisfactory, and im test extractions less than 
0-01 per cent of the fission product activity mitially : 
present remained in the final radium-D fraction. In- 
some cases, radium-D, -E and -F were measured on 
the same sample, but in most samples the analysis 
was limited to radium-D and radium-E or to radium-D 
and radium-F. 


Results 


Atmospheric concentration of radsum-D. The con- 
centration of radium-D in the airborne dust collected 
on air filters was estimated by two independent 
methods. In the first method, radium-F analyses were 
carried out on air filters which had been stored for 
several years after the dust samples had been col- 
lected. During this period the radium-F collected 
during sampling “had almost completely decayed, 
while fresh radium-F had grown into equilibrium with 
the radium-D originally collected on the filter. Con- 
sequently, the radium-F content of the filters could be 
used to estimate the amount of radium-D collected by 
the filter at the time of sampling. In most cases, 
more than two years had elapsed between sampling 
and the chemical separation, so that the radium-F was 
at least 95 per cent of its final equilibrium concen- 
tration. In a few cases, the theoretical build-up was 
only 85 per cent, and a correction was added to the 
derived radium-D concentration. The results of these 
messurements are given in Table 2. Where more 
than one filter 1s specified in column 3, these were 
collected at different times during the stated periods 
but were combined for analysis. The standard 
deviation (S.D.) of each of the values in column 6, 
due to errors in air flow measurement, chemical 
analysis and counting, is estimated to be less than 
+ 15 per cent. 

In the second method the samples were stored for 
about twenty days to allow the radium-H to come into 


equilibrium with the radium-D, and separate analysis ` 


of the two isotopes was carried out. The measured 
amounts generally agreed to within 20 per cent, 


Table 2. ATMOSPHHRIC CONCENTRATION OF RADIUM-D MMASURED BY ANALYSIS OF RADIUM-F IN OLD AIR FILTARS 


Air filter sampling details 


No of 

Sampling altitude Collection date filters 
Ground-level May 1954 1 
Ground-Jevel May 1054 1 
11,000 ft. Jaly—August 1054 8 
11,000 ft January-February 1955 2 
27,000 ft J Uly sna vie 5 
27,000 ft. September 19 2 
27,000 ft. Jan bea, See 1955 8 
,000 ft. July—A t 1954 8 
47,000 ft. June 1085 4 
,000 ft. January 1055 7 








et Average ar 
Afr mass sampled Air Spent ste tration 
(kgm.) (10-* d.p. m/kgm ) ) ae d.p m./kgm.) 
4,800 7:38 70 
5,400 67 
400 19 21 
270 22 | 
380 80 
180 86 28 
220 24 
t 
290 87 87 
105 55 : 565 
74 | 74 
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Table 3. ATMOSPHERIC CONOHNTRATION OF RADIUM-D MBASURED BY ANALYSIS OF RADIUM-D-RADIUM-B IN AIR FILTERS 





Air filter sampling detalls 


Sampling altitude Collection date 






Ground-level 1 
Ground-level I 
Ground-level 1 
Ground-level 1 
Ground-level August 1956 H 
Ground-level November 1956 1 
Ground-level December 1956 1 
Ground-level January 1957 1 
11,000 ft July-August 1954 5 
11,000 ft. January—February 1955 10 
11,000 ft. January-February 1965 

18,000 ft August-November 1955 

18,000 ft, August-November 1055 

18,000 ft. January-February 1056 

27,000 ft July-September 1984. 

37,000 ft August 1956 

27,000 ft August 1956 

80,000 ft July 1056 

80,000 ft July 1056 

85,000 ft. September 1856 

45,000 ft. July~January 1955 

47,000 ft July 1956 


which is consistent with the estimated S.D. of 
+10 per cent on each individual determination. 
The results of these analyses are given in Table 3. 
The averaged concentrations of radium-D determ- 
ined by both methods are plotted against the alti- 
tude of sampling in Fig. 1 to give the vertical distribu- 
tion of radium-D. The numbers in parentheses 
adjacent to each point refer to the number of separate 
samples used. It is clear that the two methods of 
measurement are in good agreement and that it is 
possible to draw a smooth curve through the experi- 
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Fig. 1 Vertical concentration gradient of radmm-D and fission 


products in the atmosphere above the United Kingdom. 
O, radmm-D fro 
radium-} analysis. 


m radiam-D a + x, Yradium-D from 
Numbers In brackets denote number of filters 
analysed 











concentration 


Air concentration 





Air mass sampled 
(kgm.) 


(10 d.p.m./kgm.) (10 d p.m./kgm.) 
71 
12 
17 17 
28 
18 
22 18 
14 
19 
36 29 
32 
32 $2 
81 
84 34 
50 50 
70 70 


mental points. This agreement provides a measure of 
confidence in the sampling, separation and aveyagung 
procedures and suggests that the number of samples, 
although small, is adequate. There is, however, a 
systematic error inherent in the sampling procedure 
for radium-D arising from the fact that the filter paper 
collects the short-lived radon daughter products 
from the air, and these afterwards decay to form more 
radium-D on the paper after collection. This error is 
likely to be greatest at ground-level, where the con- 
centration of radon is highest, but it can be shown 
to be small. Gale? has found that the mean concen- 
tration of radium-A, -B and -C in ground-level air at 
Harwell is 115 d.p.m./kgm. Collected on a filter 
paper, this would give riso to an apparent concen- 
tration of radium-D of 1:2 x 10~ d.p.m.f/kgm., which 
is less than 2 per cent of the observed mean value 
of 7-1 x 10° d.p.m./kgm. 

Atmospheric concentration of radium-F. Some 
analyses of radium-F were carried out on recently 
flown filters in which the measured radium-F concen- 
tration was practically the same as existed in the air 
during the sampling period. In a few cases the time- 
interval between sampling and analysis was long 
enough for the radium-F concentration to be affected, 
and in these cases a small correction was applied. 
The results of these measurements are shown in 
Table 4. The samples are grouped so as to average 
the radium-F concentration at three mean heights : 
ground-level, 27,000 ft. and 45,000 ft. The lack of 
data makes the form of the radium-F concentration 
curve uncertain, but it is clear that the concentration, 
varies from a low value at ground-level to a high 
value in the lower stratosphere. The actual weighted 
mean values are 0-9 x 10-° d.p.m./kgm. at ground- 
level and 30 x 10- d.p.m./kgm. at a weighted mean 
height of 45,000 ft. By comparing these values with 
those for radium-D in Fig. 1 it will be seen that the 
ratio of radium-F to radium-D is 0-13 at ground-level, 
increasing to 0-65 at 45,000 ft. This ratio in the lower 
stratosphere was also measured using a filter through 
which & large but unmeasured amount of air had 
been passed. The observed ratio of radium-F to 
radium-D in this case was 0:60, which is in good 
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Table á. ATMOSPHNRIO CONCENTRATION OF RADIUM-F MBASURND BY ANALYSIS OF RADIUH-F IN Naw AIR FILTERS 


Air mass sampled Air concentration 
(kgm.) (10-* «.p.m./kgm.) 
0 


Air filter sampling details 
Sampling altitude Colection date No. of filters 
Ground-level May 1955 1 
Ground-level November 1056 1 
Ground-level December 1056 1 
Ground level January 1957 1 
27,000 ft. August 1956 Z 
27,000 ft. December 1956 1 
40,000 ft. December 1956 1 
40,000 ft. December 1956 1 
47,000 ft. Ootober 1958 g 
47,000 f$. December 1958 1 


agreement with the mean value of 0-65 determined 
above. 

Concentration of radium-D and -F in ratn-water. 
Each rain-water sample was analysed for both radium- 
D and -F and the results are given in Table 6. On two 
occasions duplicate chemical analyses were carried 
out on samples obtained from adjacent collectors 
‘In one case the results agreed to within + 10 per 
cent and in the second case to + 20 per cent, but the 
radium-F to radium-D ratios m each pair were m 

‘ excellent agreement. The specific radium-D activity 
18 seen to vary substantially from day to day, but 
tha gean value of 5 d.p.m./htre over the period 
Septernber-December 1956 is in good agreement with 
Blifford’s value of 5-3 d.p.m./litre observed in 
Washington, D.C.’?. The mean radium-F : radium-D 
ratio of 0-10 in the same period agrees with the ratio 
of 0-13 found in ar at ground-level. This 18 to be 
expected since rain collects its dust from the lowest 
layers of the atmosphere. 


Discussion 

Radium-D n the stratosphere. The first striking 
feature of the results is that the concentration of 
radium-D in the atmosphere above the United King- 
dom increases with height above ground and that 
the gradient increases sharply in the vicinity of the 
tropopause (Fig. 1). A similar discontinuity has been 
observed in the gradient of fission product dust from 
the thermonuclear explosions in Eniwetok in 1954 in 
which the dust clouds were injected high into the 
stratosphere’. A feature of the distribution of these 
fission products was that the stratospheric gradient 
had, within experimental error, the same value some 
6 months, 12 months and 18 months after the 
explosions and this appeared to be a characteristic 
of the descending cloud. A normalized version of 
the fission product distribution curve is shown in 
Fig. 1. It will be noted that the stratospheric gradient 


Table 5. 


Rainwater sampling detaile 
Collection date Sample volume (litres) 


September 27—28, 1956 
September 27-28, 1956 


October 1-2, 1966 
October 17-19, 1056 
November 8—9, 1956 


December 10-14, 1056 
December 10-14, 1956 


December 14-16, 1956 
















duplicate 
samples 


i 





A re 
concen 
(107 dpm Agm.) 


of radium-D ıs very sunilar to the characteristic fission 
product gradient. This suggests that in the middle 
latitudes, where sampling was carried out, radium-D 
is descending from the stratosphere m & manner 
similar to the fission products. One possible source 
of this radrum-D is in meteoric and volcanic dusts, 
which are known to diffuse into the troposphere from 
high altitudes. However, an approximate calculation 
indicates that the maximum contribution from these 
sources cannot account for more than about one 
millionth of the observed radium-D. We conclude 
that the radium-D has its origin in the tropopause and 
has entered the stratosphere at some earlier stage of 
its history. 

Important features of the exchange processes 
between the stratosphere and the troposphere have 
been revealed by the work of Dobson and Brewer on 
the ozone and water vapour content of the atmo- 
sphere and a model of the general crrculation based 
on their deductions is shown in Fig. 2. Dobson? 
explained the observed seasonal variations in total 
ozone by suggesting that the cold pool of am which 
forms above the winter pole when it is m shadow 
ultimately sinks and carnes ozone-rich am to the 
lower levels of the stratosphere. In order to explain 
the form of the water-vapour curve in the strato- 
sphere, Brewer! has suggested the circulation system 
shown in the model in which tropospheric air enters 
the stratosphere near the equator, travels to tem- 
perate and high latitudes and then sinks into the 
tropospheré again. Fission product studies have 
supported this model. Thus, rb has been shown that 
the rate at which fission products re-enter the tropo- 
sphere from the stratosphere varies in the same 
seasonal manner as the total ozone’. Again, the 
concentration of fission products in air and in rain- 
water has a pronounced minimum in equatorial 
regions and a peak in the middle latitudes of the 
northern hemisphere, suggesting that this is where 


ANALYSIS OF BRADIUM-D AND -F IN BAIN-WATER 

















Radium-F activity Radium-D activity Ratio 
(d.p.m./litre) (p.m. Nitre) radium-F/radinm-D 

0 58 46 018 

0 42 81 018 

0 62 93 0 07 

65 Q 07 

6:2 — 

17 0:37 

1:4 0-86 


24 018 


0 10 
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Fig. 2. Atmospherio circulation model (Dobson and Brewer) 


the descending fission products re-enter the tropo- 
here. 

Pit this model is accepted, then the source of the 

radium-D ın the stratosphere is the ascending air at 

the equator, which carries with it not only radium-D 

but also radon and its daughter products from which 

more radrum-D will be formed. 

Radium-D in the troposphere. The radium-D in the 
troposphere is a combination of two components, one 
of which is the radium-D descending from the strato- 
sphere while the other 1s radium-D which was created 
and has remained in the troposphere. If we assume 
that the stratospheric component behaves similarly 
to fission products, then Fig. 1 shows that the tropo- 
spheric component predominates and that this com- 
ponent increases with height. At first aght this is 
surprising since the parent radon is known to originate 
at ground-level. The explanation is that the radium-D 
in the troposphere above the United Kingdom is 
characteristic of Atlantic air and is largely inde- 
pendent of any radium-D formed locally. In its 
passage across the Atlantio, the parent radon can 
diffuse above the rain-producing layer ın the tropo- 
sphere into a region where the radium-D formed is not 
subjected to washout. Radium-D at lower levels is 
subject to washout and the overall effect is to produce 
a positive concentration gradient in the troposphere. 

Tt is possible from the results obtained to derive two 
independent estimates of the mean life of a radium-D 
atom in the troposphere. First, we can compare the 
radium-D content of a vertical column of air with the 
mean rate at which radrum-D is deposited by rain. 
From Fig. 1 the radium-D content of 1 m.* column 
reaching from ground-level to the tropopause at 
40,000 ft. is 167 d.p.m. The mean radium-D content 
- of rainwater is 5 d.p.m./litre, so that an average rarm- 
fall of 2 mm./day (characteristic of the middle 
latitudes of the northern hemisphere) deposits 
10 d.p.m./m.*/day. This pomts to a mean life of 
17 days, a figure which would be proportionately 
higher if the efficiency of air sampling were less than 
the 100 per cent assumed. 

A second rough estimate can be obtained from the 
ratio of radium-F to -D in the activity deposited in 
rain-water. If we make the reasonable assumption 
that the radium-D, -E and -F particles are washed out 
with equal efficiency by rain, then it can be shown 
that the radium-F to -D activity ratio is grven by the 
expression : 

radium-F DP 
radium-D (Te + T) (Tf + T) 


where Te = radioactive mean life of radium-H = 
7-2 days; Tf = radioactive mean life of radium-F = 
200 days; T = mean residence time of an individual 
atom in the atmosphere. 


(1) 
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The mean ratio in the bulked ram-water collected 
was 0-10 and substitution in equation (1) gives 
T = 29 days. This figure, however, represents the 
mean residence tıme of the combined tropospheric 
and stratospheric components, and since the latter 
has been airborne for a longer time, it is high for the 
tropospheric component alone. Thus, if we assume | 
that rain-water removes the activity from a mean 
height of 6,000 ft., then using Fig. 1 and the observed 
value of the radium-F/radium-D ratio in the strato- 
spheric component, it can be calculated that the 
radium-F/radium-D ratio in the tropospheric com- 
ponent of ram-water 1s 0:075. ‘This gives a value of 
T = 22 days for the mean residence time of those 
atoms the whole airborne life of which is spent in the 
troposphere. 

Simee each radon atom ultimately produces a 
radium-D atom, & final check on the consistency of 
the results can, be made by comparing the amount of 
radon exhaled from the ground into the atmosphere 
with the amount of radium-D deposited by rain. 
Israel’ has summarized the radon measurements made 
in many parts of the world and has shown that the 
mean, rate of exhalation of radon from the Earth’s 
surface, measured directly, is 7-7 x 104 d.p.m./m.?/ 
day, while the value derived from the measured 
concentration of radon in the atmosphere is 7 2 x 
10* d.p.m./m.*/day. BSimee land occupies 39-3 per 
cent of the surface of the northern hemisphdte, we 
may take a mean radon exhalation-rate of 2:8 x 
104 d.p.m./m.4/day. This is equivalent to a production- 
rate of 15 d.p.m.j/m.7/day of radium-D, which is in 
reasonable agreement with the measured deposition- 
rate of 10 d.p.m./m.*/day computed above for a 
mean rainfall of 2 mm./day. 

Circulation teme of air ontering the stratosphere from 
the troposphere. The ascending equatorial air shown 
in the model m Fig. 2 will carry with it radon, 
radium-D and -F together with the other less-impor- 
tant radon daughter products. Since the mean rain- 
fall-rate is higher at low latitudes than in the middle 
latitudes rt 1s possible that the radium-¥F will be even 
more deficient with respect to radium-D than it was 
in the troposphere above the United Kingdom. When 
the air enters the stratosphere, ıt becomes insulated 
from washout processes, and the radium-F can begin 
to build up towards its ‘equlbrium’ value with 
respect to radium-D, and consequently the radium-F : 
radium-D ratio in any mass of stratospheric air can be 
used ag a measure of the length of time the air has 
been in the stratosphere. In particular, by comparing 
the ratio in equatorial air with that in air in the 
lower stratosphere above the United Kingdom the 
period of the circulation process depicted in Fig. 2 
cap be determined. 

One unknown is the composition of equatorial air, 
but this does’ not have a major influence on the 
estimate. If the ascending sir contained redium-D 
alone, then the observed radium-F : radiurn-D ratio of 
0-65 at 45,000 ft. above the United Kingdom would 
correspond to & circulation time of 212 days. If pure 
radon was the onmginal constituent, the time would 
be a little longer. These are upper-limit estimates 
and are highly unlikely in practice. Another assump- 
tion to make is that the ascending air has the same 
isotopic composition as the air near ground-level in 
the United Kingdom. This leads to an estimated 
circulation time of 177 days, which would be low if 
the radium-F:radium-D ratio in the equatorial 
troposphere were leas than that in the middle latitudes. 
The true figure should be between these extremes 
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and the best estimate is therefore of the order of gix 
months. 


Suggestions for Further Work 


The radium-D, -E, -F measurements have been 
interpreted in terms of an atmospheric circulation 
model which appears to fit the facts. Other inter- 
pretations are possible, however, and future studies 
might be directed towards discriminating between 
the posmbilities. L. Machta!® has pointed out that 
the steep gradient m the stratosphere could be 
explained by an extension of the argument in par. 2 
of the Discussion, which accounted for the positive 
gradient in the troposphere. In this ‘diffusion’ model, 
the source of the radium-D in the stratosphere is the 
radon and its daughters which diffuse through the 
tropopause into the stratosphere and afterwards 
decay into radium-D. The difference in gradient is 
due to differences in the diffusion constants appro- 
priate to troposphere and stratosphere. This explana- 
tion would appear to require a greater value of the 
stratospheric diffusion constant than has hitherto 
been considered reasonable, but the matter might be 
settled by measuring the radon content of the lower 
stratosphere to establish if there was enough there 
to support this hypothesis. It would also be instruc- 
ae ivg to in vestigate the concentration of radium-D in 

tosphere in more detail than was possible 
hove, to determine if it was subject to the seasonal 
variations observed with ozone and with fission 
products. 
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Conclusion 


The development of a radiochemical separation 
procedure has enabled a preliminary study to be 
made of the distribution of radium-D and radium-F in 
the atmosphere. Systematic results have been obtained 
which suggest that radium-D 1s a valuable natural 
tracer for the further study of atmospheric processes. 


The work described in this article was carried out 
in the Health Physics Division at the Atomic Energy 
Research Establishment, Harwell; we thank the 
Director of the Establishment for permission to pub- 
lish this communication, and also the Royal Air 
Force for the collection of the airborne dust samples. 
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FUEL CELLS: WILL THEY SOON BECOME A MAJOR SOURCE 
OF ELECTRICAL ENERGY ?° 


By F. T. BACON 
Marshalls Flying School, Cambridge 


HE efficiency of all heat engines, that is to say, 

engines in which heat ıs converted into mechani- 
cal work, is governed by Carnot’s cycle; this means 
that the efficiency is limited in practice by the differ- 
ence in the temperature at which the heat is taken in 
by the working fluid and the temperature at which 
it is rejected. It is the possibility of avoiding the 
Carnot limitation which constitutes the main, but not 
the only, reason for interest in fuel cells. 


Present-day Fuel Cells 


A fuel cell can be defined as an electrochemical 
cell in which the free energy of combustion of a fuel 
is converted directly into electrical energy. Gaseous 
fuels are very convenient for use in electrochemical 
cells, and either oxygen or air is used ag the oxidant. 
There are various ways of classifying the different 
types of fuel cell that are now being tried, but it is 
convenient to divide them up into those working at 
atmospheric temperature up to, say, 100° C.; those 
working at a medium temperature, around 200° Gex 
and those working at a high temperature, say 550° 
C., and upwards, with electrolytes of fused salts. 


* Substsnce of a Royal Institution Discourse delivered on Febru- 
ary 


Those which work at a low temperature must, 88 a 
general rule, have electrodes with a very large internal 
surface if reasonably large current densities are to be 
attained ; this is usually achieved by using highly 
porous materials, either porous carbon or porous 
metals. Porous carbon is peculiarily suitable for the 
purpose, and surfaces as large as 200 sq. m. per gm. 
are commonly used. The activity of the electrodes 
is often further increased by impregnation with 
catalytically active materials. The electrolyte in low- 
temperature cells usually consists of a strong aqueous 
solution of an alkali such as potassium hydroxide, 
which has a good conductivity. Work is proceeding m 
the United States on a rather different type of cell 
which has an ion-exchange membrane as electrolyte ; 
the internal resistance of this type of cell is liable to be 
rather high, and the figures for performance which 
have been. published so far are rather low ; but, on the 
other hand, ıf the electrolyte is of the acidic type, 
ordinary untreated air containing carbon dioxide can 
be employed without any danger of carbonating the 
electrolyte. It can be safely said that the best results 
in low-temperature cells have so far been obtained 
with pure hydrogen and oxygen, as might be expected. 

Cells which work at a high temperature use & 
mixture of fused salts, usually carbonates, as electro- 
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lyte, and this is often contained in a porous diaphragm 
of sintered magnesium oxide. The electrodes may be 
of some metal or metal oxide, which must, of course, 
be kept in close contact with the porous diaphragm. 
This kind of cell may operate from about 550° up to, 
say, 800° C., but difficulties wrth corrosion become 
greater as the temperature is raised ; the pressure is 
atmospheric. The great advantage of high-tempera- 
ture cells is that they will consume impure industrial 
gases, or vaporized hydrocarbons such as kerosene, 
and air; this is, of course, a fundamental advantage 
in &® genuine fuel cell—it uses cheap and readily 
available fuels. 

The reacting gases in medium-temperature cells are 
usually hydrogen and oxygen; the theoretical effici- 
ency sat atmospheric temperature and e is 
about 83 per cent (based on the total heat of the 
reaction), and practical efficiencies of about 55 per 
cent have been obtained at 200° C., and a pressure of 
400 lb./sq. in. Work on the high-pressure hydrogen/ 
oxygen cell is now being financed by the National 
Research Development Corporation. 

The electrodes of porous sintered nickel are about 
one-sixteenth of an inch thick, or Jess, and the 
electrolyte is strong potassium hydroxide solution. 
Fig. 1 shows the arrangement adopted in 1949 and 
which is still virtually unchanged. 

The electrodes are made with a pore size of about 
30 microns on, the gas side and with a thin layer of 
much smaller pores on the liquid side; & small pres- 
sure difference is set up in the apparatus across each 
electrode, so that the liquid is expelled from the large 
pores on the gas side, but the gas cannot bubble 
through the small pores on the liquid side owing to 
the surface tension of the liquid. The interior of the 
30-micron pores presents a large surface for absorption 
of gas. 

Thus, in a porous metal electrode of this kind, the 
courrent density is kept low by the large internal 
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surface of the large pores, and the gas side of the 
electrode is kept substantially dry, an essential 
condition for good performance. 

The oxygen electrodes are first impregnated with 
mixed nitrates of nickel and lithium; they are then 
dried and roasted in air at about 700° O. ; in this way 
they are coated with a conducting oxide layer which 
is very resistant to corrosion m the cell. Oxygen 
electrodes treated in this way have lasted for 1,500 hr. 
in the cell at 200° C. with a drop in output of less than 
4 per cent. 

The present 10-in. diameter electrodes are not 
strong enough to be self-supporting against the 
pressure difference, so they are sintered directly on 
to solid plates of nickel or nickel-plated steel, which 
have a large number of holes drilled or punched 
through them so that gas can readily get through from 
the other side. Fig. 2 shows the best cell character- 
istic so far obtained with this size of electrode, and 
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Fig. 2, Beat result for 10-in. cell obtained so far 


No. 4725 May 21, 1960 - 


anf 
+ iy # 
+t % P 
, SR See Bt! REE 
* > t'en 
> 
w al High de OA + 
ia r 


id 

4 + 
a ¥ 
Pa 
ow 





= A: P fa i Š - 1 E m , ue y 
i, prel H Piai- s n Ton wit: ` aS a nde 
aF Ah - aik: ws a y Sas: bee pie aes N 
' oe . eô ee 3 Feces 
i oo 
1 ig Sie s 
» pe 
+ 6. M ý v 7 + 
-> -m i a p A ha ha 
Fig. 8 


it will be seen that currents as large as 320 amp. have 
been. achieved. 

Longitudinal ports are provided for feeding the two 
gases and the electrolyte to each individual cell. If 
bipolar electrodes can be made, a great saving in 
space and weight will be obtained. 

Fig. 3 shows the largest battery built up so far; 
1t has 40 cells, giving an open-circuit voltage of about 
40 > tþis gave a performance of 100 amp. at 32 V., 
or 3-2 kW., and 240 amp. at 24 V., 5} kW. 


Advantages and Disadvantages of Fuel Cells 


It is quite plan that if a fuel cell can be produced 
which will accept ordinary fuels such as coal, oil or 
gas, and atmospheric arr, a vast fleld of application is 
open to it, on both a large and a small scale. Unfor- 
tunately, coal must be ruled out, as there 1s no sign 
of any cell which can make direct use of it; so we 
are left with oil in its various forms which can easily 
be vaporized if necessary, and gas which may be made 
from coal. Both oil and gas could be considered for 
large- and medium-scale generation, especially where 
natural gas is available; and the piping of natural 
gas over really long distances is now being considered. 
For large-scale generation, oxygen would probably 
be too expensive, so air would have to be used. A 
pressure cell would seem out of the question, owing 
to the cost of compression, so it seems fairly certain 
that a high-temperature cell with a fused salt as 
electrolyte is the answer in this case. Direct current 
is, of course, generated, so large-scale inversion would 
have to be considered, unless the device is used 
for, say, a locomotive, where direct current is 
desirable. 

But the cell on which there is a great deal of con- 
troversy at present is the hydrogen/oxygen cell. 
If it can be brought to the stage of practical applica- 
tion, is it going to be any use in practice ? The 
objections raised are manly that pure hydrogen is an 
expensive fuel and is difficult to store; and the 
oxygen must be carried, too, and this is more expen- 
sive than air, which is free. Further, there is no highly 
developed distribution system, equivalent to that for 
petrol or diesel fuel. These are important arguments 
and must be faced. 

It is usually agreed that the hydrogen/oxygen cell 
is essentially a storage device, rather than a genuine 
fuel cell using a primary fuel, and furthermore, it 
will be used mamiy for road and rail traction. This 
means that the two gases will be produced by the 
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. electrolysis of water, probably in a separate apparatus. 
Thús the existimg electricity grid would provide the 
distribution system for the fuel, electricity ; and the 
gases would be generated locally. The battery would, 
of course, produce direct current, which is convenient 
for driving a vehicle. Considerable developments 
have taken place in recent years in the field of high- 
pressure electrolysers, and this should have the 
effect of reducing the cost of production of com- 
pressed hydrogen and oxygen ın course of time. 

Then there is the further mteresting possibility 
that this particular cell could be made reversible, 
although it is not fully reversible yet; this should 
be & great advantage on any vehicle which hag to 
start and stop repeatedly. 

It must be admitted that gases are intrinsically 
difficult to store because they require heavy and bulky 
ges cylinders; it is tempting to consider storing 
them as liquids at a low temperature, and in this 
respect oxygen does not present much difficulty. 
But hydrogen is much more difficult, and although 
liquid hydrogen is made in quantities as great as 
7 tons per day in the United States for use in rocketa, 
it is still rather expensive. So, in the meantime, 
we are driven back to gas cylinders. 

But the advantages of silence, freedom from fumes 
and vibration, and very few moving parts, should not 
be overlooked, and in certain special applications 
could be important. Further, it is well known that 
the torque characteristics of a direct-current motor 
are far better than those of an internal combustion 
engine which has to rely on a clutch and gearbox 
for starting. It seems that the hydrogen/oxygen cell 
is essentially a high-performance device, and there- 
fore inherently suitable for traction. 

One further point is that, as more nuclear power 
stations are built, it will become even more important, 
to look for some method of storing electricity ; it is 
well known that the main proportion of the cost of 
electricity produced in this way is due to the capital 
cost of the plant rather than the amount of nuclear 
fuel used, so that little is saved by shutting them 
down during time of light load. The present sugges- 
tion is that the electrolysers should be kept running 
at all times, except during the peak-load period, and 
that the gas produced should be used for driving some 
of our road and rail vehicles ag and when required. 


Practical Demonstrations 


It is scarcely necessary to discuss applications 
for fuel cells, as these are farrly obvious if all the 
technical difficulties can be overcome, and the cost 
is not too great. The applications for a cell consuming 
either natural gas or liquid hydrocarbons and air 
would be enormous, both for static and mobile plant, 
and the great oil companies have started research 
work on the problem. 

Practical demonstrations have already been given 
of fuel cells in use. A battery of hydrogen/oxygen 
cells developing 1 KW. was demonstrated in the 
United States about two years ago, as a power unit 
for a mobile radar set used by the U.S. army ; it is 
known as the Stlent Sentry, and in this case silence 
was its great virtue. 

A. demonstration took place at Cambridge in August 
1959 of the high-pressure hydrogen/oxygen cell, in 
which a 40-cell battery was shown operating a small - 
circular saw, providing power for arc-welding, and 
operating & fork-lift truck. The maximum power 
was about 6 kW. 
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A demonstration was given in the United States 
in October 1959 of a farm tractor driven by a battery 
of fuel cells supplied with propane and other gases 
(probably hydrogen) and oxygen. It has 1,008 cells 
m series and works at quite a low temperature ; 
no details were given of the construction of the cells, 
but the electrodes must be very active catalytically 
to be able to make use of propane at a low tempera- 
ture. 15kW. is developed. This is the first time that 
a vehicle has been demonstrated propelled by a fuel 
cell-battery mounted on the vehicle. This is a great 
achievement, though the makers are careful to add 
that it is still a research vehicle. 


Conclusion 


Why is it thet there is so much interest in the 
United States, and more recently in Germany, in 
fuel cells, and there is still so little in Britain, though 
this was where most of the original work was 
done ? Part of the great effort in the United States 
is no doubt sponsored by the Federal Government, 
as there are certain military applications where fuel 
cells would be very valuable; and there is the vast 
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satellite and space vehicle programme, where batteries 
are used extensively for providing auxiliary power. 
This is not the whole story, however, as some large 
companies are putting their own money too into 
research on fuel cells. It seams that the explanation 
is that the idea has ‘caught on’ in the United States, 
whereas in Britain it has not, as yet; and in any 
event, American firms are 
enormous sums of money for research and develop- 
ment, even on comparatively speculative devices 
such as fuel cells. 

It is, of course, known that the world reserves of 
coal, oil and natural gas are very great, but we are 
using them up faster now than ever before ; the fuel 
reserves in Great Britain are not great, in comparison, 
and practically all oil has to be imported. Surely 
attention should be given to any device which might 
show an economy in the use of fuel. Part of the 
purpose of the vast atomic energy scheme m Britain 
was to help to conserve dwindling coal supplies ; 
if a small part of the effort devoted to atomic energy 
could be given to a study of fuel cells in all their 
possible forms, an answer would probably be obtained 
within @ very few years. 


PRELIMINARY FLIGHT TESTS OF AN ATOMIC CLOCK e ° 
IN PREPARATION OF LONG-RANGE CLOCK 
SYNCHRONIZATION EXPERIMENTS 


By FRIEDRICH H. REDER and GERNOT M. R. WINKLER 
U.S. Army Signal Research and Development Laboratory, Fort Monmouth, New Jersey 


HE performance of atomic and molecular 
frequency standards has been the subject of 
intense studies for several years!-*. In particular, 
tests have been made with a commercial cesium 
beam frequency standard‘ (‘Atomichron’) under 
various environmental conditions. The ‘Atomuichron’ 
employs a crystal oscillator which is continuously 
servo-controlled with respect to a microwave reson- 
ance of cæsium atoms. Usually the ‘Atomichron’ is 
employed to calibrate and check, at regular intervals, 
the rate of precision crystal clocks. It can, however, 
also be operated to drive a clock directly (within the 
life-time of the cæsium beam tube, which may be 
better than 6,000 hr.). Irregularities in time as 
small as one usec. after 100 hr. have been achieved! 
during laboratory operation of the clocks in a con- 
trolled-temperature environment and with a stabilized 
power source. As an extension of these tests, flight 
experiments have been carried out with an operating 
atomic clock of the type mentioned above in prepar- 
ation for a large-scale clock-synchronization project’ 
aiming at an error of less than 1 psec. between clocks 
separated by more than 1,000 miles. It is the purpose 
of this article to describe briefly the prelimmary 
flight experiment and its results. 

One atomic clock was operated from a voltage 
regulator in an air-conditioned laboratory room. 
The other clock was mounted in a DC-3 aircraft. All 
measurements were done in the laboratory by 
utilizmg a microwave lnk between laboratory and 
airport, which are separated by a distance of 10 km. 
Both one-sec. pulses and the 100-ke /s. output mgnal 


were used to measure rate and time difference 
between the two clocks (Fig. 1). To ensure the least 
effect of Coriolis forces upon the atoms in the 
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Fig 2. Position ofatomic frequency standard in the aeroplane. oe senaine chassis containg 
the crystal oscillator on shock mounts 


beam tube during flight, 
the plane clock was oper- 
ated in an almost hor- 
zontal ® position (Fig. 2). 
While the aeroplane was 
on the ground, power for 
the equipment was furn- 
ished by a petrol genera- 
tor mounted in the tau 
of the plane. Shortly 
before take-off, power was 
switched to the main board 
supply, with the lne volt- 
age input to the atomic 
clock being held constant 
by a buffer battery and a 
voltage regulator. 

The aeroplane was un- 
pressurized and without 
temperature control. How- 
ever, the temperature was 
kept manually between 15° 
and 22°C. The flight altı- 
tude was about 330 m. above 
sea-level due to a very low 


ceiling. 
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One }-hr. flight was made on 
November 16, 1959, and a l-hr. 
flight on November 17. The pilots 
were instructed to turn not faster 
than about one complete turn 
per minute to avoid Coriolis effects. 
Despite considerable vibrations in 
the plane and rather unfavour- 
able weather conditions on the 
second day, performance of the 
transported clock was quite aston- 
ishing (Figs. 3 and 4). 

The uncertainty of time de- 
termination (after correction for 
the small rate of the clock) was 
less than 60 nanogec. after the 
shorter and smoother flight, and 
leas than 150 nanogec. after tho 
longer and rougher flight, which 
was plagued by a very short power 
failure caused by a faulty switch- 
ing operation before take-off. It 
can be seen from Fig. 4 that 
this power failure resulted in @ 
short-time perturbation of the 
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Fig. 4. Results of the second (1 hr.) flight test 


relative rate of the two clocks. The results lead us 
to believe that synchronization of remote clocks 
by means of a shuttle plane is entirely feasible, and 
that, even with existing equipment, such syn- 
chronization will be about a thousand times more 
accurate than that at present possible through use of 
radio time signals. 

Further extensive tests on synchronization of 
widely separated atomic clocks are m progress and 
will be reported soon. 

1 Baen, i and Parry, J V. L., PAu. Trans. Roy. Soe., A, 260, 45 
*Hason, L., Parry, J. V. Holoway, T 
Reder, F. H., ana Winkler G. wiles Ike Ft 958). 


* Holloway, J., Bainberger, wW., a F. H., Winkler, G. M. R., 
Basen, L, "and Parry, J. Y. T Proc. Inst. Rad. Eng., 47, No. 10 


, Alalnberger, W. A., 


RESOLUTION OF SS (1969) 
ea i8 NANO SEX t National Co., Malden, Mass., Model NC-1001. 
* Bri R., Winkler, G Al. R., and Reder, E H., “Synchromzed 
15 ook eriment”, Proc 


Thirteenth Ann. p. Frequene 
Öontrol, Asbury Park, New Jersey (May n. Bym : 


* Reder, F. H.. and Winkler, G. M. R. (supel tag to Ing. Rad. Eng. 
Trans. for Military Blactromes (June 1960) ). 
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OBITUARIES 


Dr. Roy Chapman Andrews 


Dere. Roy CHAPMAN ANDREWS, famous for his Gobi 
Desert discoveries in the early 1920’s, died in New 
York early in March. He was seventy-six. He was 
born at Belort, Wisconsin, on January 26, 1884, and 
was educated at the comparatively small College 
there, graduating A.B. in 1906. He then proceeded 
to Columbia, where he took his A.M. degree in 1913. 
He also had some experience in the Museum of 
Comparative Zoology at Harvard. His later education 
was interrupted by his absences on expeditions, those 
forays and excursions, often with important scientific 
and geographical results, that were to be the main 
interest of his lfe and the foundations of his un- 
doubted eminence. 

His association with the American Museum of 
Natural History began in 1908 when he joined an 
expedition to Alaska; he did exploration work on 
the St. Lawrence in 1909, shortly afterwards becoming 
naturalist in the U.S.8. Albatross, which visited the 
Dutch East Indies and Borneo in 1909-10. During 
1911 and 1912 he was in Korea and in 1913 he was 
back in Alaska. These were, however, but preludes 
to his main task, which came when, in 1916, he was 
appointed leader of the American Museum expedi- 
tions to Central Asia. From 1917 until 1931 he was 
intermittently in Mongolia and m China in pursuit 
of vertebrate fossils and the remains of man. 

His chief, the distinguished director of the Museum, 
Prof. Henry Fairfield Osborn, held the theory that 
the likely area of the dispersal of mammals and of 
man was to be found in the Orient, and the expedi- 
tion’s results, if not exactly convincing for this 
theory, were encouraging in the considerable materials 
that they produced. Dinogaura and dinosaure’ eggs 
earned the expedition fame, though the dinosaurs 
were not so important as many that had already 
been found, and dinosaurs’ eggs had been discovered 
earlier in England and in France. Andrews also found 
small Cretaceous mammals and giant Tertiary 
mammals and mastodons, but not s scrap of the 
fossil man he was working for, though Stnan- 
thropus was later to turn up not so very far from 
the house where he kept paleontological court in 
Pekin. 

Judged by any standards, Andrews’s Asiatic 
expeditions were a success, and resulted in con- 
siderable additions to many museums other than 
his own, for the American Museum was generous, 
and excellent representatives of the dmogsaurs from 
the expeditions are in the British Museum (Natural 
History). 

Scientific and other honours rightly came to him. 
He was made Sc.D. of both his native Beloit and of 
Brown University, Rhode Island. He also received 
many medals, mainly for the geographical aspect of 
his work, from the National Geographic Society 
and the Explorers’ Club in his own country, and from 
the national geographical societies of Sweden and 
Hungary. 

i 1931-35 Andrews was vice-director in 
charge of exploration and research at the American 
Museum of Natural History, and from 1936 until 
1942 he was director. He retired in 1942 with the 
title of honorary director. 


He was the author of ten books and many scientific 
papers. Most of these were written m his beautiful 
homes in Connecticut or in California, where suc-” 
cessively he lived after his retrrement. But they 
were far from being his only interests. The Boy 
Scout movement and many sports, mostly connected 
with horses, engaged his attention, and he was always 
a hospitable man. 

His name will be remembered in the annals of 
vertebrate paleontology and in the history of the 
distinguished Museum he served so well for so long. 

W. E. Swinton 


Mr. C. A. Shain 


CHARLES ALEXANDER HAIN, an outstanding 
member of the radio astronomy group at the Com- 
monwealth Scientific and Industrial Research Organ- 
ization (Australia) Raediophysics Laboratory im 
Sydney, died on February 11 at the early age of 
thirty-eight. His contribution to radio astronomy 
lay im the frequency-range around 20 Mc./s. where 
he pioneered the study of the two features Peculiar 
to this range of radio astronomy: absorption in 
ionized interstellar hydrogen (HIMI regions), and 
absorption and refraction in the ionosphere. Observa- 
tions in this frequency-range are particularly difficult 
owing to interference from radio stations and the 
complicating effects of the ionosphere ; but they give 
unique information of great importance to radio 
astronomy. Shain’s work is basic in this field. 

Shain studied physics in the University of Mel- 
bourne and graduated in 1942. He immediately 
entered the second Australian Imperial Force, but 
was discharged on medical grounds late m 1943. 
He then. joined the staff of the Radiophysics Labora- 
tory, where he stayed until his death. During the 
remaining stages of the War, he worked on radar 
counter-measures, and from 1945 on various aspects 
of decametre-wave radio astronomy. 

His work in radio astronomy began with a study of 
Moon echoes at a frequency of 20 Mc./s. This work, 
which was an immediate follow-up of the pioneering 
American and Hungarian experiments, led to the 
recognition of the dual causes of the fading of Moon 
echoes: libration of the Moon and propagation 
effects in the ionosphere. Usmg parts of the same 
equipment, he then began the observations of the 
distribution over the sky of relatively low-frequency 
(20-Mc./s.) cosmic radio waves which he continued 
until his death. He first used broadside arrays, the 
largest of which consisted of 30 half-wave dipoles 
and had a beam-width of 17°, and then a ‘Mills cross’ 
with arms 3,500 ft. long and a resolution of 1:4°. 

In the first phase of these investigations he was 
able to show conclusively that the brightness distribu- 
tion over the Milky Way at this frequency was 
markedly influenced by absorption in HIT regions ; 
but he had insufficient angular resolution to delineate 
even the largest of these regions, and his ‘Mills cross’ 
was designed to overcome this limitation. At the 
time of his death he had nearly completed a 19- 
Mc./s. map of the greater part of the Milky Way, 
which shows numerous examples of the obscuring 
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regions which he sought. . His colleagues plan to 
complete and publish this unique and important work 
as soon as practicable. 

In this frequency-range, the absorption of cosmic 
radio-waves in passing through the ionosphere is often 
appreciable and the interpretation of cosmic observa- 
tions requires a knowledge of absorption in the various 
‘ionospheric layers. Sham’s pioneering work on such 
absorption, particularly interesting at the time of solar 
flares, sufficed for his own purposes and has since 
given rise to a vigorous branch of ionospheric research 
which follows the inverse approach and uses observa- 
tions of the absorption of cosmic radio waves to 
obtain information about phenomena in the 
ionosphere. 

A by-product of the cosmic radio wave studies 
concerns radio emission from Jupiter. Following the 
discovery in the United States in 1956 of emission 
from this planet in the 20-Mc./s. range, Shain examined 
his old records. He found a large number of extended 
bursts of emission, which had previously been 
attributed to terrestrial interference, but which could 
now be identified with reasonable certainty as due to 
emission from Jupiter. Examination of the times of 
occurrence of these bursts showed a remarkable 
correlation with the rotation period of Jupiter, 
indicating that the emission originated in a very 
few active areas on the planet which remained in 
fixed positions for long periods. 

Alex. "Shain ‘was a wonderful colleague in the 
laboratory——imaginative, well balanced, exceedingly 
unselfish, and a real friend to all. In his home 
community he was a leader in Church affairs. In 
murra where he lived he was, among other things, 
the Anglican Church in the Sydney suburb of Turra- 
Sunday school superintendent, lay reader and the 
leader of a Bible Study Group. He was a man who 
exemplified the prime:ples of Christianity in all his 
dealings with men. J. L. Pawsry 


Mr. K. J. F. Park 


Tum death of Kenneth John Frederick Park in a 
drowning accident on March 2 at the age of thirty-two 
has robbed the Nature Conservancy of a most valued 
officer, science of a first-rate ecologist and the world 
of a man of rare quality. 

Park was educated at the Royal Grammar School, 
Newcastle upon Tyne, and at King’s College, New- 
castle. Between school and college he served three 
years in the Royal Air Force, and this took him to the 
Middle East and gave width of experience to an alert 
mind. He left the University with a first-class degree 
in botany and a good knowledge of the arctic-alpine 
vegetation of northern England, the Scottish High- 
lands and the Hebrides. Hus interest in field botany 
led him to postgraduate work on the ecology of Upper 
Teesdale, particularly the sugar-limestone outcrops. 
This work was interrupted in 1954 by his appomtment 
as officer-in-charge of the Nature Conservancy’s Moor 
House Field Station more than 1,800 ft. above sea- 
level in the northern Pennines. 

His basic scientific interest was the conservation 
of upland Britain, using the word conservation in a 
wide and humanitarian sense. His own research was 
focused on the potential productivity of the grass- 
lands on mineral soils. He aimed to get quantitative 
data on long-term trends in fertility-levels, as determ- 
ined by grazing, leaching. soil weathering and other 
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factors causing gain or loss of nutrients. During the 
past year or two he had been attacking these problems 
directly, for exarmple by observations on rates of 
leaching, but before this he had put m much intensive 
work on recording the existing state of the various 
grassland types on the Nature Reserve. He did this 
by settmg up a series of sheep exclosures and using 
various methods of mapping, point-quadrat record- 
ing, and detailed photography of vegetation. The 
methods were not of course original, but the standard 
of accuracy and the finish of the work are altogether 
outstanding and are witnessed m the volumes of the 
Nature Reserve Record Book. The plots have been 
Jaid out and recorded as the firm starting-point for 
observations visualized as going on over a century or 
more. 

Over and above his own research line, he built up 
an impressive collection of mformation about the 
Reserve and the surrounding countryside, and himself 
contributed many superb photographs. 

When. he went to the Field Station he had nothing 
to work on but rather sketchy possibilities ; but in 
his gix years of imaginative and efficient management, 
he created a live centre of scientific work in remote 
and difficult conditions, where visiting workers could 
come and use their time productively. His achieve- 
ment was due not only to his very hard work and 
exceptionally high standards but even more to his 
personal qualities, which enlisted the co-operation of 
anyone who came into contact with him, and the 
devoted loyalty of all his colleagues, both senior and 
junior. 


Dr. Paul Haas 


Pauu Haas, who died on April 6 at Cheam, was 
born in 1877, the son of distinguished parents. His 
father was professor of Sanscrit at University College, 
London, and his mother was a gifted pianist who, 
before her marriage, had a European reputation as a 
soloist. Even in her old age, Madam Haas played the 
music of Bach in a manner few could equal, and her 
son inherited musical appreciation. 

Paul Haas was educated at University College 
School when it was in Gower Street, then at University 
College, and he studied also both at Freiburg and 
Geneva. As an investigator, he was very deliberate 
and conscientious. With the late Prof. T. G. Hill, he 
collaborated in the investigation of the biochemistry 
of seaweeds and the chromogens of Mercurtalis 
perennis, and they produced, m 1913, “An Intro- 
duction to the Chemistry of Plant Products”, 
which was afterwards extended mto a two-volume 
work, 

It was in teaching, however, that Haas found his 
chief interests, and his lectures and demonstrations 
were always carefully prepared. He lectured on 
organic chemistry both at 8t. Mary’s and St. Thomas’s 
Hospital Medical Schools, and also at the Royal 
Botanic Gardens, Kew, until he became reader in 
plant chemistry at University College, of which he 
was a Fellow. 

Paul Haas had a retiring kindly personality with a 
quiet sense of humour. He looked after his mother 
devotedly, at their home in Westbourne Park, 
until her death, and his colleagues had regarded him 
as a confirmed bachelor. But romance came to 
him when inspecting schools for the University of 
London, and at the age of sixty-one he married 
Beryl Grace Wood who, with a son of the marriage, 
survives him. E. J. SALISBURY 
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Prof. J. A. Hanley 


Tum death of Prof. J. A. Hanley on April 10 
occurred after several years of physical handicap, 
gallantly borne with the help of his devoted wife, 
following a breakdown in health he suffered in the 
post-war years. He has been living during this 
period of retirement from his academic career in 
Applethwaite, near Keswick. His last appomtment 
was that of professor of agriculture and rural economy 
in Kimg’s College, University of Durham, Newcastle 
upon, Tyne, where he directed the work of the School 
of Agriculture and Cockle Park (then Northumberland 
County Experimental Station, now owned by the 
College) from 1931 until 1947. 

Hanley, who received his school education at 
Wekefield Grammar School, served later in the county 
of his birth and forbears as lecturer in agricultural 
chemistry and advisory chemist in the University of 
Leeds. Prior to this appointment he had obtained 
the degree of Ph.D., University of Munich, as well as 
becoming an associate of the Royal College of Science, 
for which he studied in London. Before going to 
Leeds he had been engaged in research at Rotham- 
sted, and was Board of Agriculture Research Scholar 
during 1912-14. From Leeds he went as professor of 
agriculture and chief advisory officer in the University 
of Bristol, where he served from 1924 until 1927, 
whence he became principal of the Royal Agricultural 
College at Cirencester, where he continued during 
1927-31. His appointment to the chair of agriculture 
at Newcastle—in succeasion to the famed Somerville, 
Middleton and Gilchrist-—-was made in 1931. 

There is no doubt that he experienced much satis- 
faction from the opportunities afforded him ın the 
scientific directorship of Cockle Park—an office which 
devolves on the professor of agriculture in King’s 
College—for Hanley’s major interest in agriculture 
was the subject of grasaland management. As 
early as 1927 he was the joint author with Prof. R. G. 
Stapledon of the book “Grass Land: its Management 
and Improvement’’, published by the Oxford Univer- 
sity Press, and in subsequent years he was responsible 
for the Ministry of Agriculture’s well-known bulletin 
on ‘‘Grassland’’, as well as for several of the Ministry’s 
leaflets on various aspects of the same subject. He 
was a lJeading spirit in the national campaign for 
grassland improvement, taking a prominent part as 
judge and adviser in the grassland competitions 
organized in the four northern counties of England 
during the early thirties. 

While giving much attention to grassland, especially 
to the then recent developments in its utilization 
as dried grass and silage, in which subject he carried 
` out early investigations at Cockle Park, Hanley had 
& wide knowledge of agriculture and agricultural 
education. In a volume of essays presented to Sir 
Daniel Hall on “Agriculture of the 20th Century”, 
published in 1939, Hanley’s fine contribution was a 
comprehensive study entitled “Agricultural Educa- 
tion in College and County”. 

Among his original contributions when at King’s 
College was a survey of agriculture in the Northern 
Provinee (Counties Durham, Northumberland, Cum- 
berland and Westmorland), made possible by a 
financial grant given by the Right Hon. David Lloyd 
George. Although this was @ comparatively quick 
survey, the report published in 1936 gives an informa- 
tive account of the agriculture of the area which for 
the purpose of the survey was divided into twenty 
districts; Hanley being assisted in this extensive 
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project by two of his students, Mesars. Boyd and 


Williamson. 


As in the case of his prodecessors mentioned ın the 
chair of agriculture, King’s College, he formed many 
mutually helpful friendships with northern farmers— 
as, for example, D. J. Brown of West Learmouth, 
and J. B. Barr of Pressen—the study of whose farms, 
and discussion of changes in management, resulted in 
his contribution to the Journal of the Royal Agricult- 
ural Society of England, entitled “Tweedside Farming 
Enterprises”, which itself is a typical example of the 
wide range of subjects on which he wrote for various 
journals. In his latter years he was editor of a 
series of four volumes published by Caxton in 
November 1949, under the title of ‘Progressive 
Farming”. 

During the Second World War, from 1940 onwards, 
he became the Ministry of Agriculture’s liaison 
officer for the northern counties in connexion with 
the food production campaign. 

From my personal knowledge as a colleague for the 
period of his professorship at King’s College, I knew 
him to be a very good teacher, whose courses of 
lectures on soils and geology are remembered. He 
showed a greatly appreciated interest in the social 
and athletic activities of his students, being inter alia 
a keen supporter of their Rugby achievements, to 
which a photograph (still hanging in the Dean’s 
private room in the School of Agriculture): bears 
testimony showing him surrounded by members of 
the team. No one who knew him intimately could 
fail to be aware of his emphasis on efficiency and his 
keon interest in his work as a teacher and adviser on 
agriculture, and of his continuous desire to make his 
contribution to the progress of that distinctive 
movement in the present century towards the 
improvement in management of the grassland of 
Great Britain. H. Crom Pawson 


Dr. F. Jones 


Dr. Franors Jongs, T.D., died suddenly at Crow- 
borough on February 28. 

Francis Jones was born at Belper, Derbyshire, m 
1887. He was educated at Wirksworth Grammar 
School, graduated at the University of London, and 
later took his Ph.D. in geology. He was commissioned 
as @ lieutenant in the Royal Engineers during the 
First World Wer and served in France, Gallipoli and 
Egypt. He taught as a science master, first in Leicester 
and then from 1929 until 1947 at St. Dunstan’s 
College, London, where he served as commanding 
officer of the Officers Training Corps for eight years. 
During this period he also acted ag head of the 
Department of Geology at the Northern Polytechnic. 
Between 1926 and 1936 he published a number of 
papers on his researches on the petrology of the 
Pre-Cambrian rocks of Charnwood Forest. 

His love of geology and young people coupled with 
his tremendous energy would not allow hirn to retire, 
and in 1947, at the age of sixty, he joined the staff of 
the Geology Department of the Imperial College 
of Science and Technology, where he remained until 
1958 ; at the same time he continued until his death 
his teaching at the Northern Polytechnic. In the lec- 
ture theatre and the laboratory he was insistent on 
fundamentals. Influenced by his great friend, the late 
Dr. Alfred Brammall, he brought his knowledge of 
chemistry to bear on theoretical aspects of mineralogy 
and petrology, and his lectures and discussions on 
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these topics were a stimulus to all those who were 
privileged to hear them. 

Anxious to uge every minute of his day, he turned 
the accumulated knowledge of his academic career 
to the problems of engineering geology, and from the 
age of sixty-one until his death worked during 
vacations as a consultant geologist on civil engineering 
projects in Syria, the Lebanon, Iraq, Iran, Ghana, 
the Sudan and on the Kariba Dam in Central Africa. 
His kind but rugged features were a true expression 
of his character. He possessed a physical toughness 
and endurance which were remarkable for a man of 
his age. Twenty miles a day on foot in the deserts 
of the Middle East or the bush of Africa left him 
undaunted; he invariably led the way. His only 
admission of physical discomfort was at the age 
of seventy, when he said that he felt somewhat sore 
after riding on horseback for two days through the 
Elburz Mountams of Iran. 

Loyalty was the keynote of his personal lfe, and 
despite the failing health of his last two months he 
travelled to various parts of the country to fulfil 
lecture engagements regardless of the advice of his 
doctor and friends. It was his sense of loyalty sup- 
ported by his great physical courage which carried 
him from his home at Crowborough to London to 
give his last lecture to his students at Northern 
Polytechnic ten days before he died. 

* o D. J. SHEARMAN 


Dr. August Gansser-Burckhardt 


Dre. AVGUST GAanssER-BUROKHARDT, who died on 
January 27 at hig home in Basle, will be remembered 
by many for his achievements in fields on the border- 
lines of technology, and by his friends for his radiant 
personality. He was born in Milan in 1876. After 
passing the examination in chemistry at the Federal 
Technical College in Zurich, he obtained a doctorate 
at the University of Zurich in 1900. After one year’s 
further study m London, Dr. Gansser began his 
life-long association with the family enterprise, the 
present S.A. Ledoga in Milan, manufacturers of 
vegetable tannins and natural dyes. It was at an 
opportune time, since Dr. Lepetit had just worked 
out his revolutionary process of making cold-water 
soluble quebracho extract by sulphitation. Gansser 
contributed substantially to the success of this 
venture. Since 1917, he had resided at the old home 
of his family, Basle, serving as the mternational 
co-ordinator for the family concern. 

Along with his business activity, two major 
inquiries became gradually the all-absorbing interests 
in his life. His name will always be connected with 
the battle against the warble fly and with his con- 
tributions to the ancient history of leather. His fight 
for the eradication of the warble fly, which not only 
inflicts sufferings on cattle but also does a great deal 
of damage, resulting in much decreased value of the 
hides and impaired yields of milk and meat, made 
him well known throughout the world. His untiring 
efforts in this vital crusade were recognized by his 
Alma Mater by the award of the honorary degree of 
D.V.M. His second interest was archmwology, par- 
ticularly the study and analysis of finds from excava- 
tions of Roman settlements on the Continent and 
particularly of sites in Italy. His broad humanistic 
knowledge and his scientific training became a most 
effective combination in this pioneering research. He 
handled the archeological issues as well as the 
chemical analysis of the finds most competently. 
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Dr. Gansser was the founder of the Swiss Society 
of Leather Chenusts, and he was mstrumental in 
re-establishing international contacts after the two 
World Wars. At the time of the first one, he served 
as the president of the International Society of 
Leather Chemists. 

Dr. Gansser was a man of wide culture, embodying 
the best traditions of his beloved Switzerland and 
Italy, and of kind and unassuming disposition. His 
sterling personality and his talents as a linguist and | 
speaker—with five languages ready to hig service— 
made him a well-known, and lately legendary, figure 
at international gatherings 1m his field of work for more 
than half a century. K. H. Gustavson 


Mr. F. H. Edmunds 


Writs the death of Francis Hereward Edmunds on 
April 19 at Westhumble, Surrey, British practical 
geology lost an exponent whose work had long been 
an encouragement to civil engineers and many other 
professional men seeking advice on geological prob- 
lems. His friendly guidance will no leas be missed by 
innumerable students, research workers, amateur 
geologists, naturalists and interested laymen in the 
south of England. Many will recall with pleasure the 
field excursions led by Edmunds and the lectures he 
was always pleased to give to promote popular 
understanding of the influence and application of 
geology. Most of all, however, he will be missed by 
his colleagues on the Geological Survey of Great 
Britain, where he served from 1922 until 1957 and 
was always happy to encourage the younger 
geologist. 

Edmunds was proud to own himself a native of 
Wiltshire. He was born at Mere in 1893 and was 
educated at Gillmgham Grammar School, m the 
neighbourmg county of Dorset. After serving in 
France as a captain in the Tank Corps during the 
First World War, he went up to Emmanuel College, 
Cambridge, where he made many friends in the 
University. He obtained first-class honours in geology 
in Part IL of the Natural Sciences Tripos in 1922. 

Throughout his career on the Geological Survey, . 
Edmunds maintained his strong interest in geological 
mapping. Large areas on a number of published 1 in. - 
to the mile maps, notably in Surrey, are the result 
of this work, and Edmunds was part-author of the 
explanatory memoirs on the Reigate, Guildford and 
Romford districts. Am other official publications, 
he was author of “British Regional Geology: The 
Wealden District’ and part-author of ‘The Central 
Englend District” in the same series. Edmunds com- 
piled a memoir on ““The Wells and Springs of Sussex”, . 
and published papers in the Journal of the Institution — 
of Water Hinginesrs and elsewhere. During his period 
in charge of a small unit formed at the Geological 
Survey in 1936 on the request of the Inland Water 
Survey Committee, Edmunds organized the sys- 
tematic collection and collation of well-records and 
undertook many advisory duties for Government 
departments and the Services, particularly during 
the Second World War. During 1945~57 Edmunds 
was district geologist for South-Eastern England. 

Perhaps the strongest appeal of his book, ‘‘Geology 
and Ourselves’’, lies in its treatment of aspects of 
civil engineering and geology in everyday life. 
Edmunds also wrote and lectured with authority on 
the geology of scenery, of soils and of building 
materials. He was president of the South-Eastern 
Union of Scientific Societies in 1949 and took an 
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‘active part in the Geology Section at the British 
Association meetings of 1954 and 1955. 

Among his activities after retirmg from the public 
service, Edmunds continued to put his geological 
knowledge at the disposal of the community on 
questions of planning in the County of Surrey. 

It is sad that the fatal recurrence of an illness he had 

suffered three years previously prevented Edmunds 
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Earth Satellite [960¢ 

Tu heaviest satellite yet to be placed in orbit about 
the Earth was launched from the U.S.S.R. at about 
00 hr. v.r. on May 15. Its total weight, excluding 
the final stage of the rocket which took it mto orbit, 
is 4,540 kgm. (10,010 Ib.), more than three times as 
heavy as Sputnik 3, which was launched two years 
earlier. The satellite, which has been called Kerabl’- 
Spuintk or space-ship satellite, consists of a pressur- 
ized cabin weighing about 2,500 kgm., which contains 
a dummy astronaut and all apparatus necessary to 
keep a man alive in space, together with extensive 
instrumentation, weighing about 1,500 kgm. The 
satellite carries various radio transmitters, with the 
main one operating on a frequency of 19:995 Me./s. 
The chief purpose of the satellite is to test the design 
of the cabin, and the first measurements made by 
the instruments suggested that the environment in 
the cabin was suitable for human survival. It is 
stated that the cabin is to be detached from the 
remainder of the satellite ; 1t will then probably burn 
up in the atmosphere, since it is not designed to 
withstand re-entry. 

The orbit of the satellite, like that of Sputniks 1, 
2 and 3, is inclined to the equator at an angle near 
65°. The initial period of revolution was 91-2 min., 
corresponding to a semi-major axis of 6,713 km., and 
the orbit was nearly circular, having an eccentricity 
of about 0 0048. The satellite was at perigee when 
going north at a latitude near 54° N., the perigee 
height being about 320 km. (200 miles) and the apogee 
height about 380 km. (235 miles). The lifetime of the 
satellite is uncertain, being dependent on conditions 
after the separation of the cabin, but does not seem 
likely to be more than a few months. At latitudes 
between 40° N. and 60° N. the satellite will be 
favourably placed for observation in the night sky 
during May and June. The final stage of the launching 
. rocket separated from the satellite on entering orbit. 


” Cryptogamle Botany at Manchester : 
Prof. J. Colhoun 
Dr. Jonn Cornou, reader in mycology and plant 
pathology in the Queen’s University, Belfast, has 
been appointed to the chair of cryptogamic botany 
in succession to Prof. ©. W. Wardlaw, who now 
occupies the George Harrison chair of botany m the 
University. Though his published work lies in the 
fields of mycology and plant pathology, of which he 
is a distinguished exponent, Dr. Colhoun is also a 
botanist of wide experience. He entered the Queen’s 
University of Belfast in 1930, graduated in science in 
1933 and ın agriculture in the following year. The 
next four years were spent m research at the Depart- 
ment of Agricultural Botany in Belfast and at the 
Imperial College of Science and Technology, London. 
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from enjoying longer a happy retirement in the 
beloved Mole valley where he had made his home 
since 1939. His wife and daughter will know that 
his memory will long be cherished m the Dorking 
and Mickleham district for his activities both 
as townsman and countryman, and the delight 
he took in music and musical affairs. 
S. C. A. Houmas 
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He returned to Belfast ın 1938 to the Department of 
Plant Pathology and from 1940 up to the present 
has held poste in the Departments of Agricultural 
Botany and of Mycology and Plant Pathology. Since 
1939, he has held, concurrently with his University 
appomtments, corresponding posts in the Plant 
Pathology Division of the Ministry of Agriculture of 
Northern Ireland. During 1942-49, Dr. Colhoun was 
warden of the Queen’s Elms hall of residence for men 
im Belfast and hag also held other University posts. 
During the past twenty-five years Dr. Colhoun’s 
researches have been directly related to fundamental 
problems in plant pathology, particularly in relation 
to plant environment, the control of the diseasps pf 
economic plants, and the investigation of the physio- 
logy of various fungi. He has also co-operated with 
geneticists in a programme of breeding disease-regis- 
tant plants. He is the joint author of a book on 
“The Diseases of the Flax Plant”, the author of an 
important monograph on ‘“‘Club Root Disease of 
Crucifers’”’ and of many contributions to scientific 
journals. 


Physiology at the London Hospital Medical College: 
Prof. K. W. Cross 

KENNETH Witiiam Cross, who has been appointed 
to the thar of physiology in the London Hospital 
Medical College, in succession to Prof. J. L. D’Silva 
(seo Nature, 184, 405 ; 1959), entered St. Mary’s Hos- 
pital as a Scholar soon after the outbreak of the Second 
World War. After quahfymg, he held a research 
studentship in the Wright—Fleming Institute, and 
having obtained the M.R.C.P. spent the remainder of 
the War as casualty physician at St. Mary’s and as 
resident physician to the E.M.S. Hospital at Amer- 
sham. After the War, he worked for a year with the 
Friends’ Ambulance Unit in China and taught at 
Cheeloo University. On his return m 1947 he was 
appointed lecturer m physiology in St. Mary’s 
Hospital Medical Schoo] and soon sfterwards also 
clinical assistant on the Pediatrics Unit of the 
Hospital. He then settled down to study respiration 
and metabolism in the new-born infant, and this hag 
remained his principal interest. He devised an 
accurate method for determining the infant’s respir- 
atory movements and oxygen consumption, and made 
a special study of the effects of lack of oxygen. The 
value of his investigations was soon recognized by 
the Sp Halley Stewart Trust and by the Medical 
Research Council. In 1951 he became joint organizing 
secretary of the symposium on anoxia of the new-born 
infant, arranged in London under the auspices of the 
International Organization of. Medical Sciences. He 
remained at St. Mary’s, bemg appointed reader in 
human physiology in 1953 and reader in physiology 
in 1956, and obtaining the degrees of Ph.D. and D.Sc. 
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His work led to more basio studies of the mechanisms 
of respiration in new-born animals, pursued with Dr. 
June Hill at St. Mary’s and with Dr. G. S. Dawes 
and his colleagues at the Nuffield Institute for 
Medical Research at Oxford. Cross spent last year 
in Dr. Julius Comroe’s laboratory at the University 
of California Medical Center and developed a method 
for inflating the infant’s lungs which led to the dis- 
covery of surprising reflex mechanisms and may have 
opened an entirely new field. His many physiological 
and pædistrical friends look forward to further 
important contributions from the London Hospitel 
Medical College. 


Statistics at University College, London : 
Prof. E. S. Pearson, C.B.E. 


Art the end of the current session Prof. Egon Sharpe 
Pearson rotires from University College, London, and 
for the first time in soventy-six years there will no 
longer be a Pearson in charge of the statistics at the 
Department there which has become world famous. 
Egon Pearson was educated at Winchester and 
Trinity College, Cambridge, and continued his studies 
in. statistics at University College, London, where he 
became a lecturer in 1921. Not long afterwards Jerzy 
Neyman joined the Department, and before long he 
and Egon Pearson began a remarkable series of papers 
which effectively laid the foundations of the Neyman- 
Feawon theory of statistical inferonce, undoubtedly 
one of the profoundest influences on modern statistical 
thought. Pearson has continued to work m this field 
and the related area of confidence-interval theory and 
has notably advanced knowledge of the sample 
range. His work on the Ordnance Board of the 
Ministry of Supply durmg the Second World War was 
recognized by his appointment as C.B.E. in 1946. 
He has also taken particular terest in the teaching 
of statistics ; his work both at University College 
and as chairman of various committees of the Royal 
Statistical Society has laid both students and col- 
leagues under a heavy burden of indebtedness to him 
for his constant endeavours to raise the starfdards of 
statistical instruction. He was president of the 
Royal Statistical Society during 1955-57 and received 
the Society’s Gold Medal in 1955. 

For about 25 years Pearson has been editor 
of Biomeirska, and the high standing of that journal 
is largely due to his painstakmg work and constant 
care. Another of his many contributions has been 
his work on statistical tables, embodied in the 
Pearson—Hartley “Tables for Statisticians, Part 1”, 
and the Btomeirska series of reprints. His many 
friends will be glad to know that he intends to devote 
a good deal of his time to continuing this work. 


Prof. M. S. Bartlett 

Pror. Maurnion STEVENSON BARTLETT, professor of 
mathematical statistics m the University of Man- 
chester, is to succeed Prof. Pearson. Prof. Bartlett 
read mathematica at Queens’ College, Cambridge, 
and was awarded the Rayleigh Prize in 1934. After 
a short period as assistant lectwrer at University 
College, London, and four years as statistician with 
Imperial Chemical Industries, Ltd., he returned to 
Cambridge as a lecturer in statistics in 1938. With 
the late John Wishart he helped to mtroduce modern 
statistical methods there and contributed some 
noteworthy research papers in a wide range of 
subjects: experimental design, factor analysis, 
regression theory and statistical inference. He was 
appointed to the chair of mathematical statistics at 
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Manchester ın 1947, and has worked there since that f 


time. His principal contributions in more recent 
years have lain in two maim fields, multivariate 
analysis and stochastic processes including time- 
series, both of them complicated and difficult subjects 
in which his work haa given him a world-wide reputa- 
tion. 


Communication Research at Keele: 


Prof. Donald M. MacKay ) 


Toe University College of North Staffordshire, 


Keele, has appomted Dr. Donald M. MacKay to the, 


new Granada research chair of communication, 
founded by a gift of Granada Television Network, as 
from June 1, 1960. Dr. MacKay, who 1s at present 
reader in physica at King’s College, London, graduated 
from the University of St. Andrews in 1943. After 
war-tume work on radar with the Admiralty, he 
joined the staff of King’s College, where he was 
concerned with the early development of information 
theory and the theory of ‘brain-like’ self-organizing 
information systems. On the expermental side, a 
period of research on the informational limits of high- 
speed analogue computing led to his present interest 
in the mechanism by which information 1s processed 
in the central nervous 

The work at the University College of North 
Staffordshire 1s expected to develop along three maim 
lines: (1) the study of perceptual , and 
the development of methods for the analysis of 
electrical brain-activity in perception ; (2) the devel- 
opment of artificial mechanisms capable of identifying 
patterns im space or m time, 88 an experimental 
‘testing ground’, for theories of perception ; (3) the 
study of disorders of function, as clues to the organiza- 
tion of the brain. Research on these interdisciplinary 
lines will require the collaboration of physiologists and 
experimental psychologists as well as of physicists 
and electronic engineers; and the setting up of an 
independent University department at Keele for the 
purpose inarks a significant step in the academic 
development of this new subject. Dr. MacKay’s gifts 
as a research worker and a teacher will be sorely 
missed at King’s College; but we may surely look 
forward to a period of great activity and development 
in his new environment. In spite of his new respons- 
ibilities, we may also be sure that his interest in 
undergraduates and thew problems will continue 
undiminished. 


Principalship of Fourah Bay College: Dr. D. Nicol 

Dre. Davipson Nico has been appointed principal 
of Fourah Bay College, the University College of 
Sierra Leone, in succession to Mr. J. J. Grant. Dr. 
Nicol was educated at primary schools in Nigeria, 


the Government Model School, Freetown, and the’ 


Prince of Wales School, Freetown. In 1943 he 
entered Christ’s College, Cambridge, having won an 
open Colonial scholarship for medicine. He was 
electod Foundation Scholar at Christ’s College in 
1946 and also in that year was the Open Universities 
Entrance scholar to the London Hospital. In 1947 
he obtained first-class honours in the Natural Sciences 
Tripos and he graduated m medicine at the London 
Hosprtal in 1950. Dr. Nicol was awarded a Beit 
Memorial Fellowship for Medical Research in 1954, 
and when he became a Fellow of Christ’s College, 
Cambridge, in 1957, he was the first African to be 
elected to a fellowship at either Oxford or Cam- 
bridge. During 1952-54 he was lecturer in physiology 
and biochemistry in University College, Ibadan, 
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Nigeria, and has been guest lecturer in the University 
of Toronto and at a number of American universities. 
He is at present senior pathologist and head of the 
Laboratory Services of Sierra Leone. 


Recruitment of Teachers In Britain 


In replying for the Government in an adjournment 
debate in the House of Commons on the supply of 
teachers of mathematics, which was opened by Mr. 
A. Skeffington and Mrs. E. White on May 9, the 
Parliamentary Secretary to the Ministry of Educa- 
tion, Mr. K. Thompson, said that a survey carried 
out in the schools in March 1959 showed that there 
are 6,100 people with honours degrees teaching 
mathematics ın maintained schools, and 4,500 of thege 
were in 2,600 maintained secondary schools with 
General Certificate of Education courses in mathe- 
matics or science, in which at that time there were 
250 vacancies for honours graduates to teach mathe- 
matics. In thege 2,600 schools there are also 3,250 
non-graduate specialists teaching to General Cer- 
tificate of Education standards. Mr. Thompson 
pomted out that of honours mathematics graduates 
from British universities, two-thirds already go into 
the educational system at some point and the 
universities are increasing their output. If the pro- 
portion recruited for teaching could be increased, 
this would be done. He also stated that during the 
period when teaching qualified a man for deferment 
from National Service, there was a net gain of about 
500 honours graduates into the teachmg profession, 
and that this modest gain had continued since 1957 
when honours graduates had been completely free to 
choose betwoen industry and the teaching profession. 
Mr. Thompson thought that the debate had not been 
completely fair to those coming from training colleges 
in Britain: he 1s confident that many of them are 
quite capable of teaching mathematical subjects and 
some of the sciences to Ordinary level General 
Certificate of Education standard with success, and 
some of them would be able to take these subjects at 
a higher level. Apart from his reference to attempts 
to attract more university graduates into the schools, 
Mr. Thompson stressed the need to attract more 
married women to come back into teaching either 
full-tıme or part-time, and he referred to the refresher 
and short courses in mathematics promoted by the 
Ministry, and to the 106,000 Ordinary level and 
21,000 Advanced level passes from mamtamed 
secondary schools, compared with 71,000 and 13,000, 
respectively, in 1954. 


British Books for Export 


In a written answer in the House of Commons on 
May 9, the Chancellor of the Duchy of Lancaster, 
Dr. Charles Hill, stated that the Advisory Com- 
mittee on the Selection of Low-Priced Books for 
Export has made good progross, and he understood 
that the Committee will shortly recommend its first 
list from the 2,000 titles put forward by publishers 
and others to the Ministera concerned. The Advisory 
Committee is also studymg a first lst of some twenty- 
five scientific and technical text-books for issue m 
low-priced editions for university and college libraries, 
instructors and students. The Government has 
decided to give & measure of priority to university 
text-books in view of the importance attached by 
the Commonwealth Educational Conference to the 
supply of books of educational, scientific and technical 
value. Initially, the arrangement will be applied in 
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India, and subject to negotiations with publishers, it 
is hoped that low-priced editions of text-books will 
be made available for distribution through normal 
trade channels in India by December next. The size 
of editions will depend upon demand, among other 
factors, but the Government has in mind editions of 
up to 5,000 copies of the more specialized and 
advanced university text-books. 


Dental Research in Britain 


In answer to & question about dental research m 
the House of Commons on May 9, Mr. D. Walker- 
Smith, Minister of Health, as representmg the 
Minister for Science, said that current annual 
expenditure on dental research by the Medical 
Research Council exceeds £35,000, and that at least 
one quarter of the annual expenditure of £750,000 of 
the university dentistry departments is spent on 
research. The Minister is not satisfied with the scale 
of dental research m Britain, and he attributes the 
position to lack of interest and enthusiasm on the 
part of dentists and graduates in science. 


European Co-operation for Science 


A MAJOR project in international co-operation in 
science education is to be launched as the result of an 
agreement signed between the Minister of Education 
and the Organization for European Economic Co- 
operation. The project will consist of a series offilens 
aimed at stimulating the interest of young people in 
scientific subjects and made by a number of national 
organizations. The organizations are: the Educa- 
tional Foundation for Visual Aids (United Kingdom) ; 
Institut Pedagogique National (France); Institut 
fir Film und Bild (Germany); Statens Filmcentral 
(Denmark); Statens Filmsentral (Norway); Neder- 
landse Onderwijs Film (Holland). The contribution 
of the United Kingdom will be a film on ‘Faraday’ 
and the others are: ““The Atomic Ago” (Denmark) ; 
“Fight against Bacteria” ); “Discovery of the 
Rare Gases” (Holland); “The Story of X-Rays” 
(Germany); and ‘The Story of Electrochemistry” 
(Norway). The scheme, initiated by the United 
Kingdom, received the full support of the national 
organizations represented on the International Council 
for Educational Films. It has been made possible 
by financial help from the Organization for European 
Economic Co-operation which is contributing half 
the cost, the remamder being provided by the 
national organizations already mentioned. The 
project will be organized by the Educational Founda- 
tion for Visual Aids. When complete, the films will 
be available to all schools in the member countries 
of the Organization for European Economic Co-opersa- 
tion. 


The Assoctation of Universities of the British 

Commonwealth 

THE report of the Executive Council of the Associa- 
tion of Universities of the British Commonwealth for 
the year ended July 31, 1959, includes the usual 
particulars of appointments in which the Association 
was asked to act in one way or another (pp. 28. 
London: Association of Universities of the British 
Commonwealth, 1959). These totalled 720, compared 
with 651 in 1957—58, and the office dealt with 4,896 
inquiries, of which 4,260 related to advertised 
appointments. Enghty advisory committees were 
convened and reports sent to the universities con- 
cerned on 139 candidates. Of the 115 candidates 
making application through the Association whose 
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appointment was announced by member universities, 
eighty were in Australia. Membership of the Associa- 
tion now comprises 102 universities, 15 university 
colleges and 4 other institutions, and some notes on 
the meetings of the Committee of Vice-Chancellors 
and Principals of the Universities of the United 
Kingdom are appended to the report. 


Fuel Abstracts and Current Titles 


Taxu annual report of the Council for the Institute 
of Fuel for the year 1959 makes reference to a new 
publication that will be called Fuel Abstracts and 
Current Titles (The Institute of Fuel. Report of the 
Council and Statement of Accounts for the year 1959. 
Pp. 16. London: Institute of Fuel, 1960). The 
first number is expected to be issued in mid-May. 
With the changes that took place in the reorganiza- 
tion of fuel research following the cessation of 
the activities at Greenwich of the Fuel Research 
Board, the Department of Scientific and Industrial 
Research had ceased to publish the most successful 
series of abstracts known as Fuel Abstracts. It was 
recognized by many fuel interests that the entire 
disappearance of the undertaking should not be 
allowed to occur, and therefore efforts have been 
made by the Institute to keep the venture alive. 
The problem has been to find the necessary 
finangial support, and the Council of the Institute 
now announces that such further support has been 
promised for a period of development to a self- 
supporting stage to an oxtent to justify the Institute 
in undertaking the responsibility of publication. One 
of the major problems of modern technological 
development is that of keeping in touch with the 
really umportant scientific advances. Accordingly, 
the function of such an undertaking is invaluable. 
This is particularly the case since one of the 
weaknesses of our modern scientific activity is the 
amount of repetitive work that is done, mainly 
because the records of past achievements have not 
been adequately reported, or that the mvestigators 
themselves have not been able to consult the volumes 
in which the work was originally reported. In other 
words, in the battle for progress our lines of com- 
munication have been weak. In the present context 
the moral ıs obvious, and it is hoped that the new 
venture will supply the necessary strength. 


Journals and the Science of Glass Making 


Durine the forty-three years of its existence, the 
Journal of the Soctety of Glass Technology achieved 
world-wide recognition as the leading publication in 
its field; this pre-emimence was due, in no small 
measure, to Emeritus Prof. W. E. 5. Turner, who 
was editor for thirty-five years and a leading con- 
tributor to its pages. It is fitting that Prof. Turner 
should have been invited to write a foreword to the 
twin. offspring of ‘his’ journal. Of recent years, glass- 
making—and for that matter the related industry of 
ceramics—has become firmly based on fundamental 
science applied through a complex technology. New 
work for the glass industry has become moreasingly 
varied and the Society of Glass Technology has 
decided to distinguish between that which is tech- 
nological and that which is more a matter of pure 
chemistry and physics; papers of the former type 
will ın future appear in Glass Technology, papers of 
the latter type in Phystcs and Chemistry of Glasses. 
In the first issue of Glass Technology there are articles 
on glass-furnace refractories and on glass-making 
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machinery (1, No. 1; February 1960 Pp. xl+68. 
Published bi-monthly. 25s. per issue or 135s. per 
volume). Physics and Chemistry of Glass contains 
papers on the strength of glass-fibres, the viscosity 
of sodium germanate glasses, the structure of boric 
oxide and borate glasses, and the change in the hard- 
ness of some simple glasses with increasing tem- 
perature (1, No. 1; February 1960. Pp. 54. Pub- 
lished bi-monthly. 25s. per issue or 135s. per volume). 
Each journal carries its own collection of appropriate 
abstracts. Both are edited by Prof. R. W. Douglas, 
who is to be congratulated on their excellent lay-out 
and presentation. A joint annual subscription can 
be obtained at 200s. 


Cytology 

A NEW Russian journal is to be devoted to cytology 
(Oytology, 1, No. 1. Editor in chef, A. 8. Troshin. 
(In Russian.) Pp. 140. Moscow: Akademii Nauk 
SSSR, 1959). ‘Cytology’ 1s regarded for this purpose 
as encompassing a rather wide field, including nerve 
and muscle physiology and radiation biology, for 
example, as well as more narrowly cytological topics. 
It seems clear that there is at the present time in 
the Soviet Union a considerable expansion of effort 
and widening of interests, so far as studies at the 
cellular and sub-cellular levels are concerned. The 
recognition in the oditorial preface of Cytology of the 
fact that contributions from the U.SS.R. have 
lagged behind foreign work in some fields of cytology 
(especially ın sub-microscopic structure, cytogenetics 
and cytochemistry) is unfortunately underlined to 
some extent by the contents of several of the papers 
The future development of cell 
biology in the U.S.S.R. will be watched with a great: 
and friendly interest. It is therefore very much to 
be hoped that, until such time as a complete trans- 
lation service is available for this journal, there will 
be included, in addition to the present contents list 
in English, an English summary of each papor im 
future issues. 


Russian journal of Physical Chemistry 


THe Chemical Society, in co-operation with the 
Department of Scientific and Industrial Research, 18 
issuing & translation of the Russian Journal of 
Physical Chemistry, beginning with the Russian July 
1959 issue. The English version appears about three 
months after the Russian, and each part contains 
about twenty illustrated papers and shorter notes. 
The English editor is R. P. Bell. Hach number is of 
about 112 pages, 8} x 11 in., in covers. Most of the 
papers are quite short and a wide field of interest is’ 
covered. Much very good work in physical chemistry 
has been appearing in the U.S.S.R. (the tradition goes 
back over s long period of time) and chemists generally 
will be glad to have this translation available. Tho 
print is clear. The symbols in the mathematical 
equations are rather small, although they are clear. 
It is noticed that Russian translations of English and 
American works are referred to stead of tho originals. 
The price of the first eighteen monthly issues (cor- 
responding with the Russian issues for July 1959- 
December 1960) is £45 or 136 dollars, with a reduction 
of 25 per cent for colleges and universities. Thereafter, 
the annual subscription, beginning with the Russian 
January issue, will be £30 or 90 dollars, with the 
same reduction. The world distributors are Cleaver- 
Hume Press, Ltd., 31 Wright’s Lane, London, W.8, 
from whom further information can be obtained. 
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Document Micro-reproduction 


“Micororuxts as Media for Publication” (Hert- 
fordshire County Council Technical Information 
Service, Hatfield. 9s.) records the papers and dis- 
cussion of a symposium held at Hatfield Technical 
College in November 1959. The organizers are to be 
congratulated on getting as main speakers three of 
the best known names in the microtext field—Mr. 
Eugene Power, of University Microfilms, Inc., who 
spoke about successes achieved with microfilm, par- 
ticularly in the academic field; Dr. L. J. van der 
Wolk, director of the library of the Delft Technical 
University, on the increasing use of microfiche (that 
is to say, flat film, 75 x 125 mm. or 90 x 120 mm., 
containmg 8-100 pages); and Mr. C. D. Gelatt, 
on the ‘Microcard’. The experts m three forms of 
document micro-reproduction have not previously 
been heard together in Great Britain, and it is notice- 
able that there is no feeling of competition between 
them; each believes that there is a place for his 
particular form of mucrotext. The booklet also 
reproduces & delightful talk given in London early 
in 1959 by Fremont Rider, whoge book, “The 
Scholar and the Future of the Research Library’’, 
originally published in 1944, suggested ‘Microcards’ 
to the library world. The idea was taken up by Mr. 
Gelatt, who was and is an mdustrielist in Wisconsin. 
He endowed the Microcard Foundation with 100,000 
dollars, and the success of the idea 18 apparent 
when we remember the millions of ‘Microcards’ 
being made for the International Geophysical 
Year and the Atomic Energy Commussion. (This 
booklet’s 88 pages are reproduced on two ‘Microcards’ 
placed in a pocket on the inside of the back cover.) 
The pamphlet will be of great interest to librarians 
and otherg concerned with the newer ways of pub- 
lishing and photocopying. 


Radiochemistry of the Elements 


Tae Subcommittee on Radiochemistry of the 
Committee on Nuclear Science of the United States 
National Academy of Sciences (National Research 
Council) 18 sponsoring a series of monographs on the 
radiochemustry of the elements, three volumes of 
which, on cadmium, arsenic and francium, have now 
been issued (National Academy of Sciences—National 
Research Council. Subcommittee on Radiochemistry. 
NAS-NS-3001: The Radiochemistry of Cadmium. 
By James R. DeVoe. Pp. vi+57. 75 cents. NAS- 
NS-3002: The Radiochemistry of Arsenic. By 
Harold ©. Beard. Pp. vi+27. 60 cents. NAS-NS- 
3003: The Radiochemistry of Franciam. By Earl 
K. Hyde. Pp. vi+34. 50 cents. Washington, D.C. : 
Office of Technical Services, Department of Com- 
merce, 1960). It is expected that about fifty volumes 
will be issued within the next six months. 


Preventive Aspects In the Teaching of Pathology 


in the past the practice of medicme was almost 
wholly, if not altogether, confined to the treatment of 
patients. Nowadays, the doctor is often called upon 
to apply his knowledge for the prevention of disease. 
This change in medical practice is being increasingly 
recognized by the medical schools with the introduc- 
tion of preventive medicine and social medicine into 
the curriculum, not as an isolated subject, but as one 
integrated with the other disciplines. In 1957 a 
Study Group was convened by the World Health 
Organization to consider how the preventive aspects 
of medicine could be introduced into the teaching of 
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physiology. A simular task has now been undertaken 
for pathology by the Expert Committee on Profes- 
sional and Technical Education of Medical and 
Auxiliary Personnel (World Health Organization. 
Technical Report Series No. 175: Preventive Aspects 
in the Teaching of Pathology—Seventh Report of the 
Expert Committee on Professional and Technical 
Education of Medical and Auxiliary Personnel. 


Pp. 30. (Geneva: World Health Organization ; 
London: H.M. Stationery Office, 1959.) 1 Swiss 
franc; ls. 9d.; 0.30 dollar). In its report, the 


Committee points out that the essential task of the 
teacher of pathology in promoting the concept of 
prevention is to trace the complete evolution of 
lesions, paying special attention to their causation, 
their progressive development, and the disturbances 
in function that they bring about. He isin a particu- 
larly advantageous position to show the stages in the 
progress of the disease at which the changes are still 
reversible, and so the limits beyond which efforts at 
prevention and cure become increasingly less effective. 


Semiconductor Components 


Tae front cover of the 1959 annual report of 
Texas Instruments, Inc., consists of a full colour 
photomicrograph showing the crystal structure of a 
high-purity bismuth telluride bar made during 
thermoelectric experiments in the Texas Instruments 
Central Research Laboratories (Texas Instruynente, 
Inc. Annual Report, 1859. Pp. 20. Dallas: Texas 
Instruments, Inc., 1960). The report states that 
during 1959 the company continued its pattern of 
rapid growth and improvement of operations, with 
an increage of 110 per cent ın sales and 136 per cent 
in net income over the previous record. The total 
personnel increased from 7,500 to 15,000. Three new 
buildings were completed on the 300-acre estate in 
North-east Dallas, and an addition to the semi- 
conductor-components plant and a building for the 
manufacture of basic semiconductor and other 
materials are under construction. During September 
the construction of a new 120,000-sq. ft. plant was 
begun at Bedford, England, for Texas Instruments, 
Ltd., a subsidiary company, which manufactures 
semiconductor devices for the markets of the United 
Kingdom and Western Europe ‘The plant will be 
completed late this year and will augment the 
35,000-aq. ft. factory now in use. The work of the 
Metals and Controls Division and of the Geosciences 
and Instrumentation Division is briefly described 
and illustrated in the report. In addition, the 
revolutionary new solid circuit semiconductor intro- 
duced in March 1959 is discussed. This product 
represents & new approach to electronic circuitry 
and component miniaturization, providing an entire 
circuit in a single-crystal semiconductor slab no 
larger than a match head. Nearly a dozen different 
types of circuits have already been produced and 
many more can be constructed using the existing 
techniques. The first applications are to computers, 
missiles, rockets and space vehicles. 


Acoustic Tiles for Noise Control 


It is sometimes possible to make considerable 
improvements by controlling noises at their sources. 
In the many cages where this cannot be done, sound- 
absorbing materials can be used to reduce noise to 
an acceptable level. Investigations in the Archi- 
tectural Physics Section of the Division of Building 
Research of the Commonwealth Scientific and 
Industrial Research Organization, Highett, Victoria, 
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have made it possible to determine the characteristics 
of sound-absorbing materials. The information 
obtained has enabled the Section to assist Australian 
firms in the design and manufacture of acoustic 
tiles and other sound-absorbing materials Undusirial 
Research News, 19; January 1960). In offices, halls 
and houses extensive use is made of acoustic tiles. 
These are relatively costly, but have substantial 
advantages over most other sound absorbers m 
both appearance and performance. A typical tile 
consists essentially of a perforated facing of metal or 
plaster and behind this a blanket of fibrous material, 
such as mineral wool. In Australia, tiles of this 
kind, with plaster facings, have become well known 
and are used to a greater extent than in most coun- 
tries. With the growing demand, the number of 
firms producing acoustic tiles has increased con- 
siderably in the past few years and the Division has 
received many inquiries concerning their design. 
Dr. W. K. Lippert and Mr. W. Davern have been 
concerned both with research on the basic characteris- 
tics of sound-absorbing materials and with tests on 
products submitted by manufacturers. 


Snow Loads and Roof Designs 


In Canada, the heaviest load for which the roof of 
a building must normally be designed is the load 
imposed by snow. The magnitude of the design snow- 
lodd $ thus of considerable importance. It must be 
high enough to reduce the probability of failure to an 
acceptable level, but not so high as to result in 
unreasonable construction costs. Snow loads to be 
expected in different locations across Canada are given 
in the National Building Code. These loads are based 
directly on measurements of maximum ground snow 
depths over a number of years and are generally 
considered to meet the requirements of safety. 
Appreciating the influence of design snow-loads on 
the cost of construction, the National Research 
Council Division of Building Research decided to 
undertake a study of the actual accumulations of 
snow, ice and rain on roofs as well as on atijacent 
ground. It was realized that this study must be 
carried out for a number of years and take into 
account the whole of Canada. Before embarking on 
this project, a pilot survey was conducted during the 
1956-57 winter. Its results showed that a country- 
wide survey of actual snow loads on roofs would 
yield useful information, and that the proposed 
method and apparatus used would, with a few changes, 
be suitable for the full survey. More detailed 
investigations have since been carried out in succes- 
sive winters, each time increasing the number of 
locations. A more detailed report of these investiga- 
tions is to be found in the February issue of Discovery. 


Organic Acid Synthesis In Tomato Roots 


In studies of metabolism in tomato roots, J. van 
Die has ascertained that carboxylic- and amino-acids 
are synthesized in the roots and translocated to serial 
regions of the plant (Koninkl. Nederl. Akad. Wetens., 
Proc. C, 62, No. 5, 504; 1959). In experiments 
in which potassium bicarbonate-“C was supplied to the 
roots of plants in sand culture, he found that a few 
minutes after supplying the tracer to the roots, 
labelled organic compounds could be detected in the 
bleeding sap. After about 15 min. the secretion of 
active compounds reached its maximal rate, which 
wag maintained for several hours. Analyses of the 
bleeding sap showed that most of the activity was 
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present in the organic acid fraction, with malic acid 
as main constituent, followed by citric acid and a 
number of still unidentified acids. About 15 per cent 
of the activity was localized in amino-acids, and a 
small amount ım, a-ketoglutaric acid. In the roots 
the largest part of the activity was found in the 
organic acids and «-ketoglutaric acid, while only 
small amounts of active amino-acids were present. 
About 10 per cent of the activity of the roots was 
localized in proteins. 


Geological Soclety of London 


At the annual general meeting of the Society, held 
at Burlington House on April 27, the officers and 
Council for the ensuing year were elected, as follows : 
President, Prof. 8. E. Hollingworth ; Vice-Presidents, 
Mr. A. J. Butler, Mr. T. C. Nicholas, Sir William 
Pugh, Dr. C. J. Stubblefield ; Secretaries, Mr. J. M. 
Edmonds, Dr. P. A. Sabine ; Foreign Secretary, Prof. 
O. T. Jones; and Treasurer, Mr. P. Evans. Council 
Members, Prof. J. G. C. Anderson, Dr. H. W. Ball, 
Prof. O. M. B. Bulman, Mr, A. J. Butler, Prof. K. C. 
Dunham, Mr. J. M. Edmonds, Mr. P. Evans, Prof. 
T. N. George, Prof. W. D. Gill, Dr. D. R. Grantham, 
Prof. 8. E. Hollingworth, Dr. R. G. 8. Hudson, Prof. 
O. T. Jones, Prof. B. C. King, Dr. W. 8. McKerrow, 
Mr. T. C. Nicholas, Sir William Pugh, Dr. Dorothy 
Rayner, Dr. P. A. Sabine, Prof. R. M. Shackleton, 
Dr. C. J. Stubblefield, Prof. J. Sutton, and Prof. 
P. C. Sylvester-Bradley. 


Seventh Commonwealth Entomological Conference 


Teas seventh Commonwealth Entomological Con- 
ference will be held in London during July 7-16, 
delegates to it being nominated by the Governments 
of the various countries of the Commonwealth, 
including many of the Colonial Territories. The 
proceedings of the Conference will include a number 
of open meetings, to be held in the Memorial Hall 
of the Royal Geographical Society (Exhibition Road 
entrance), South Kensington, London, §8.W.7, on 
July 7, 8, 11, 12 and 14, and these will be open to 
all entomologists and others who may be interested, 
whose participation in the discussions will be wel- 
comed. At each session a subject of wide interest 
to economic entomologists will be introduced by one 
or more invited speakers. The subjects are as follows : 
recent developments in insecticides for crop pro- 
tection ; problems of applying insecticides; hazards 
and precautions associated with the use of pest- 
icides ; research on stored-products pests and their 
control; biological control of insects and weeds; 
insect attack in relation to the physical characters 
and physiological state of the plant; investigations 
on timber-boring beetles ; termite control in afforesta- 
tion projects and constructional timbers; patho- 
genic organisms for the control of insect pests ; 
current trends in the study and control of tsetse flies 
and of locusts; studies of dispersal of insecta in 
relation to their control; developments in the study 
of plant viruses and their vectors ; the link between 
research and its application in the field of plant pro- 
tection. Programmes giving full details will be avail- 
able about four weeks before the Conference from 
the Director, Commonwealth Institute of Entomology, 
56 Queen’s Gate, London, 8.W.7. 


University News : Cambridge 


MaTRIOULATION requirements are to be modified. 
Each candidate will be requred to hold the General 
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Certificate of Education (Ordinary Level) m the use of 
English, two languages other than English, matho- 
matics or a science subject, and one other subject ; 
in addition, two passes at Advanced Level in approved 
subjects will be necessary. ‘Thus, the classical 
languages, and in particular Latin, are no longer 
compulsary subjects. 


The Night Sky In June 


FULL moon occurs on June 9d. 13h. 02m. U.T., 
and new moon on June 24d. 03h. 27m. The following 
conjunctions with the Moon take place: June 10d. 
07h., Jupiter 5° S.; June lld. 10h., Saturn 4° BS. ; 
June 18d. 19h., Mars. 2° N.; June 22d. 04h., Alde- 
baran 0-5° 8. In addition to these conjunctions 
with the Moon, Mercury ıs ın conjunction with 
Pollux on June 20d. 06h., Mercury being 6° 8. 
Mercury 18 an evening star, visible low in the west 
after sunset; it sets between one and two hours 
after the Sun. Venus 18 too close to the Sun for 
observation. Mars rwes at th. 50m., lh. 15m. and 
Oh. 35m. at the beginning, middle and end of the 
month, respectively ; it is in Pisces on June J and 
moves into Aries on June 20. Its stellar magnitude 
is + 1-0 and its distance from the Barth on June 15 
is 161 milhon mules. Jupiter rises at 2lh. 30m., 
20h. 30m. and 19h. 30m. on June 1, 15 and 30, 
respectively, and sets at 3h. 10m. on June 30; it 1s 
thus above the horizon throughout the hours of 
darkness. It is in Sagittarius, its stellar magnitude 
is — 2-2, ıts distance from the Earth in the middle 
of the month is 400 million miles, and it 1s in opposi- 
tion on June 20. Saturn is also in Sagittarius, rising 
at 22h. 35m., 21h. 35m. and 20h. 35m. on June 1, 
15 and 30, respectively. Its stellar magnitude is 
+ 0-4 and ıts distance from the Earth on June 15 
18 845 million miles. There are no occultations of 
stars brighter than magnitude 6 visible at Greenwich. 
The summer solstice occurs on June 21d. 10h. 


Announcements 


Pror. D. Q. CHRISTOPHERSON, professor of applied 
science in tbe Imperial College of Science and Tech- 
nology, London, has been appointed warden of the 
Durham Colleges in succession to Sir James Duff, 
who is retiring. 


Dr. Mito P. Hnarosa has been appointed to the 
new post of scientific assistant to the vice-president 
and director of research for the National Research 
Corporation of the United States. Dr. Hnilcka wil 
act as scientific advisor to the director of research 
and as & consultant on a number of projects now under 
way. Hus assignments will include technical larson 
on new projectes between the National Research 
Corporation and other laboratories in the United 
States. 


A DINNER in honour of Mr. F. Howarth, on the 
occasion of his retirement from the Botany Depart- 
ment, Imperial College of Science and Technology, 
will be held on July 15 at the College. Old students 
who wish to attend this dinner, and who have not 
already been invited, should write as soon as possible 
to Dr. A. J. Rutter or Dr. R. K. 8. Wood, Imperial 
College, London, 8.W.7. 


Tue University of Maryland is to receive a grant of 
216,000 dollars from the U.S. National Aeronautics 
and Space Administration to accelerate its programme 
of basic research dealing with the growth and meta- 
bolism of unicellular algao. Since 1949 personnel in 
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the University’s Department of Botany under the 
direction of Dr. Robert W. Krauss, professor of plant 
physiology, have been engaged in fundamental studies 
on the physiology of algae. 

THE sixteenth International Congress of Zoology 
will be held in Washington, D.C., during August 
21-27, 1963, under the presidency of Dr. Alfred S. 
Romer, Alexander Agassiz professor of zoology and ~ 
director of the Museum of Comparative Zoology, 
Harvard University. 


AN international conference on ‘Science in the 
Advancement of New States” is to be held in Israel 
during August 15-30 under the auspices of the 
Weizmann Institute of Science Further information 
can be obtained from the Scientific Attaché, Embassy 
of Israel, 2 Palace Green, London, W.8. 


A CONFERENOE on ““The Chemical Organization of 
Cells: Normal and Abnormal” will be held at the 
University of Wisconsin, Madison, during August 
25-27. Further information can be obtained from 
Dr. J. F. A. McManus, Department of Pathology, 
University of Alabama Medical Center, Birmmgham, 
Alabama. 


Tos seventh international conference of the 
Society for Biological Rhythm will be held at Siena, 
Italy, during September 5-7 in conjunction with the 
International Basimetric Society. Further information 
can be obtained from Dr. A. Sollberger, Depa®ment 
of Anatomy, Caroline Institute, Stockholm 60. 


THE tenth Pacific Science Congress of the Pacific 
Science Association will be held in the University of 
Hawai, Honolulu, during August 21-September 6, 
1961. It will be sponsorod by the U.S. National 
Academy of Sciences and Bornice P. Bishop Museum, 
Honolulu, with the co-operation of the University of 
Hawaii. Scientific sessions will be held during August 
21September 2, with a post-sessional field-trip until 
Septembor 6. 


Tum, fifteenth Calorimetry Conference wil be held 
at Gathnburg, Tennessee, during September 7—10. 
Among the topics to be considered are: precision 
reaction and bomb calorimetry, solution calorimetry, 
microcalorimetry, heat-capacity measurements at 
low and high temperatures (0-1-1,400° K.); təm- 
perature scales and standard calorimetric samples, 
etc. Those wishing to attend or to present a paper 
should write to Dr. J. P. McCullough, Bureau of 
Mines, Box 1321, Bartlesville, Oklahoma. 


THe Royal Meteorological Society is organizmg a 
two-day meeting to be held at Queen’s College, 
Dundee, during June 29-July 1. The meeting will 
take the form of two symposia, namely: ‘Con- 
vection”’ (June 30); and “Agricultural Meteorology” 
(July 1). Contributors to the symposium on con- 
vection include F. H. Ludlam (Imperial College of 
Science and Technology), C. Dixon (Queen’s College, 
Dundee), F. W. G. Warren (University of Sheffield) 
and R. P. Peace (Queen’s College, Dundee). Con- 
tributors to the symposium on agricultural meteor- 
ology include H. L. Penman and J. L. Montieth 
(Rothamsted Expermental Station) and G. J. Day 
and R. W. Gloyne (Meteorological Office). 


Erratum. In the article entitled “A Synoptic 
Study of Infra-Red Radiation over the United States” 
by Dr. J. L. Gergen and Dr. W. F. Huch (Nature, 
May 7, p. 426), the units are printed mecorrectly as 
“MW.”; they should be “mW.”. 


No 4725 May 21, 1960 


NATURE 


605 


THE SERENGETI NATIONAL PARK 
By Dr. A. S. THOMAS 


HE magnificent film “Serengeti shall not dio” 18 

not only pictorially beautiful but also scientific- 
ally fascinating. Tho film shows that the game animals 
amount to only about 367,000 instead of the million 
previously estimated; it shows that the migration 
routes le outside the southern boundaries of the 
National Park, and that none of the herds goes near 
the area to the north, proposed as an extension of 
the Park; and it shows how the grasses were being 
investigated to discover the preferences of the 
antelopes. 

The film itself goes far to answer the grass question ; 
much of that on which the antelopes were grazing 
appeared to be Themeda triandra, but, whatever the 
species, the grass was always short, less than 2 ft. 
high and often reduced by fire or grazing to a few 
inches. Not only do antelopes like short grass for 
grazing but also they need it for observation of their 
predators, the hons and hyenas. 

Prof. W. H. Pearsall recommended in his report? 
“That arrangements be made for the early exclusion 
of pastoral occupation from the National Parks” and 
that recommendation was adopted by the Board of 
Trustees of the Park in its 1957-58 report. Have 
trials been made to discover what will happen to the 
Serengeti grassland if it is protected from fire and 
from grazing ? Much of it would probably grow to 
6 ft. or more, much too tall to suit the smaller 
antelopes. 

Some indication of what will happen may be seen 
in other places; I will mention two of them. The 
first place is the Gulu elephant sanctuary in Uganda, 
where the grass of the uninhabited area is up to 9 ft. 
high and ıs almost deserted by antelopes which 
swarm on the shorter grazing lands at the edge of 
the sanctuary. The other place is the National Park 
in the Belgian Congo, east of Lake Edward, from 
which the sparse pastoral population was moved, 
with the result that the grassland grew aso tall and 
coarse that the population of antelopes was much 
reduced. “Man certainly is an mportant member 
of the biome in Africa; human settlement is not, as 
might be magined, solely antipathic to the increase 
of wild animals; the pastoral tribes, by controlled 
burning, produce flushes of grass which benefit not 
only their stock, but also the wild animals as well’’?. 

As I have visited the Serengeti only once, I do 
not know it well, but I can think of no difference in 
the soil to account for the migration of antelopes 
outside the southern boundary of the National Park ; 
it must be that the grass there is shorter, as they 
prefer it. Similarly, the area north of the Park, and 
suggested for inclusion m it, may well be avoided by 
game animals because it has little human population, 
little grazing by cattle, and the grass is therefore too 
long for the antelopes. 

Prof. Pearsall noted the over-grazing and erosion 
from the flocks and herds of the Masai: "Even 
where the Masai cattle alone are using the grasslands 
there 18 evidence of grassland deterioration and ıb 
seems clear that it would not be posmble for both 
cattle and game to occupy the same areas per- 
manently’’. But, if there were more sources of water, 


more frequent movement of the stock, might there 
not be less erosion, less competition for grazing near 
the water holes ? 

The area of the Serengeti National Park is about 
5,000 square miles, or 3,200,000 acres. The Masa. 
cattle number about 120,000, sheep and goats about 
220,000, donkeys about 6,000 (ref. 1). It is usually 
accepted that about eight grazing sheep or goats may 
be reckoned as equal to one ox; therefore, the total 
livestock of the Masai may be considered as about, 
160,000 units; there are about 3,000,000 acres of 
grazing, so there are about twenty acres of grazing 
for each head of cattle. 

The soil analyses in Prof. Pearsall’s report show 
good supplies of bases; there seem to be no marked 
deficiencies as in the acid grasslands to the west of 
Lake Victoria. The average rainfall of the National 
Park is about 30 in. a year; there is a dry zone near 
the eastern voleanic hills, but the hills themselves 
have more precipitation. As the Serengeti is near 
the equator, the ramfall is fairly well distributed, 
with two dry seasons and two wet seasons each year. 

Under such conditions, is it not reasonable to 
expect that, with correct management, the Serengeti 
plains could support both the Masai stock and the 
game animals (a large proportion of which are small 
antelopes) without undue damage to the grass and 
the soil? It has long been evident that the manage- 
ment of the large open plains, and not the manage- 
mont of fencod pastures on European farms, is the 
main problem of grassland research in Hast Africa ; 
that point was emphasized at the first East African 
Grassland Conference, held nearly twenty years ago. 
In spite of deficient knowledge about the manage- 
ment of the plains, of possible difficulties in arranging 
supplies of good water by dams and boreholes, yet 
it should be possible to preserve the grass and the 
game without displacing the Masai who are living in 
the area. 

Scientists should be grateful to the Fauna Preserva- 
tion Society, which arranged that Prof. Pearsall should 
visit Serengeti and made a comprehensive report on 
problems which had been given. httle definite scientific 
study ; they should be grateful to Dr. Graimek for 
all he did at his own expense; but above all they 
should be grateful to gallant young Michael Grzimek, 
who gave not only his money, but also his life, to 
this work. 

With the rising tide of African nationaliam, is there 
not a danger that we may be thought to devote too 
much attention to the animals of Africa and not 
enough to the people ? David Howarth* has directed 
attention to the disparity of publicity about ‘“Opera- 
tion Noah”, in which four or five thousand animals 
were taken to safety, and the plight of fifty thousand 
Batonga people who had to leave their homes before 
the flood of the Kariba Dam. Must we not make it 
clear that we are more concerned with the welfare of 
African peoples than of African animals ? 

May not the future of the animals be more secure 
if the Masai continue to live in the National Park of 
a self-governing Tanganyika ? Is there no risk that 
an African Government will not look favourably on 
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a large tract from which the Africans have been 
displaced and which to them seems reserved for 
animals and for American and Buropean touriste ? 
If the National Park is preserved from fire and 
from grazing, the grass may soon be too long for the 
antelopes, which will go to the grazed land outside 
the reserve and fall a ready prey to poachers. Despite 
the lack of present knowledge, there must be an 
attempt to secure a balance of grazing which will 


THE WATHEROO MAGNETIC 


ATHEROO Magnetic Observutory was estab- 

lished in 1919 by the Carnegie Institution of 
Washington, at a site about 110 miles north of 
Perth, Western Australia, and about 50 miles from 
the coast. Since that date the Observatory has 
carried out a programme of observations in terrestrial 
magnetism and electricity and ionospheric research. 
In 1947, the Observatory was transferred by gift to 
the Australian Commonwealth Government, and the 
Commonwealth Bureau of Mineral Resources, Geology 
and Geophysics has operated and maintained the 
Observatory since then. 

In recent years there has been great difficulty in 
maintaining Watheroo Observatory as a residential 
establishment ; so much so that consideration had 
to be given to moving the Observatory to suitable 
sites near Perth, where it would be possible to con- 
tinue observations, and at the same time avoid tho 
expense and staffing difficulties associated with the 
maintenance of a residential establishment in a 
remote locality. It was also believed that work of 
the Observatory would benefit from bringing the 
staff in closer contact with scientific workers 
at the University and other establishments in 
Perth. 

In 1955, a site was selected in the Gnangara Pine 
Plantation, north of Perth, for magnetic observations, 
and another in the vicinity of Mundaring Weir, 
20 miles east of Perth, in the Darling Ranges, for 
ionospheric and seismological observations. A site 
for an office and laboratory was selected in Mundarmg 
township. When selecting observatory sites, the 
Bureau sought and was guided by the advice of many 
local and overseas scientific authorities. 
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suit both domestic stock and wild animals. The 
Masai are a proud and a conservative people; but 
they love their cattle and, if it were shown that 
measures were designed to maintain their herds in 
their present numbers, in their present homelands, I 
think they would co-operate. 


1 Pearsall, W. H., Oryz, 4, 73 (1057). 
1 Thomas, A. 8., J, Ecol., 31, 149 (1948). 
? Howarth, D., Swiday Times (Feb. 28, 1960). 


OBSERVATORY, MELBOURNE 


The magnetic station was completed at Gnangara 
late in 1956, and observations and recordings began 
at that station in parallel with those at the Watheroo 
Observatory in July 1957. Both stations were operat- 
ing throughout the International Geophysical Year. 

The buildings at Mundaring necessary for the 
transfer of ionospheric observations from Watheroo 
have now been completed. A new ionospheric 
recorder has been purchased and will be installed 
soon. Magnetic observations and recordings ceased 
at Watheroo on January 31, 1959, and on March 18, 
1959, the other observatory activities were transferred 
to Mundaring. Seismological recording began at 
Mundaring in August 1959, using a three-componént 
Benioff seismograph, with both long- and short- 
period galvanometers. 

The new organization 1s known as Mundaring Geo- 
physical Observatory, with headquarters in Mundar- 
ing township. The magnetic and ionospheric data are 
distributed on the same basis as for Watheroo, and 
seismological bulletins are issued on the same basis 
as for other stations operated by the Bureau. 

For the particular scientific observations under- 
taken, the transfer from Watheroo to Mundaring 
will have no significant influence on the results. The 
move of about 100 miles is not important on the 
global ‘scale. It is believed that, although Perth 
Observatory has operated seismographs for many 
years, the new Observatory will fill a real need for a 
high-sensitivity seiamograph in this area. 

Further information concerning the new establish- 
ment should be addressed to the Observer-in-Charge, 
Mundaring Geophysical Observatory, Mundaring, 
Western Australia. 


THE LE PLAY SOCIETY 


OUNDED in 1930 to encourage international 

studies along the lines advocated in the middle of 
last century by the French sociologist Frederic Le 
Play, the Le Play Society, under the direction of Miss 
Margaret Tatton, has for thirty years organized an 
annual 3-day conference and study visits to the 
less-farliar regions of Europe and North Africa. 
The formula for the overseas work was for a group 
with varied backgrounds to spend a few days getting 
the general ‘flavour’ of a country and then to settle 
down in & village to make an intensive study of the 
community and its environment. In the evenings 
geo ogi, botanist, agriculturist, geographer, gocio- 
ogist, doctor, teacher would meet to pool their 
findings and, under expert visiting and local guidance, 
compare notes to build up a remarkably complete 


picture. About a dozen such studies reached a wider 
audience through publication as monographs. 

On April 9-12, 1960, the Society met for the last 
time at Wadham College, Oxford, and Sir John 
Russell delivered his twenty-third annual address as 
president. Rather than face a slow decline, the 
Society decided to terminate rts work in a blaze of 
glory—the final conference dealt with ‘‘Present Pro- 
blems in World Affairs”, with contributions from many 
angles by Prof. L. F. Rushbrook-Williams (India and 
Pakistan), Prof. A. L. Goodhart (International Law), 
Sir Reader Bullard (Middle East), Prof. L. Dudley 
Stamp (Food and Population), Dr. F. M. Brewer—- 
now mayor of Oxford (Science and the Ordmary 
Man), Mr. William E. Abraham of All Souls (African 
Independence), Prof. E. M. Hugh-Jones (America: 
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The Influence of Affluence), Mr. E. Paget (West 
Indies), and Mr. N. H. Leyland Keon Pro- 
blems). Old friends who assisted in this final confer- 
ence included Prof. H. J. Fleure, who presented to the 
president a handsomely bound volume including 
typescripts of his series of annual addresses, Sir 
Richard Livingstone, who took the chair at the 
presidential address, Prof. Kenneth Mason and more 
than a hundred members, who paid tribute in the 
form of a presentation to mark the devoted work of 
Miss Tatton. 

The main reason for the decision to wind up the 
Society is a tragic commentary on the post-war 
world. While international tourism is bemg en- 
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couraged, study groups which moved so freely and 
were accorded unstinted help everywhere in the 
inter-war years are now faced with official frustration 
and danger of arrest as spies if they attempt to see 
anything not on the accepted tourist routes. In 
addition, increasing costs have placed such journeys 
beyond the resources of younger people who, if they 
can get grants, are required to attend meetmgs in 
their own specialisms. Few seem to have leisure 
for the quiet exchange of views with workers in other 
fields. Le Play methods in social and regional survey 
have, however, become basic requirements in physical 
and social planning all over the world. 
L. DUDLEY ŞTAMP 


THE LACK OF THINKING IN EXAMINATIONS 


N marking examination scripts, Dr. Margaret 

Sutherland, lecturer in education at the Queen’s 
University, Belfast, has noticed that many students 
do not deal with the topic set (The Universtites 
Review, 32, No. 7; February 1960). This occurs 
mainly in subjects which require a basic knowledge 
(of facts, or of a book, theory, or other works) and 
somę& more or less intelligent discussion of some aspect 
of this basic knowledge. The examiner has attempted 
to set a question which will differ from those set in 
previous papers and yet allow the students to 
display knowledge, select relevant data and 
comment reasonably thereon. To this, many 
students pour forth a statement of basic knowledge 
which is mostly without relevance to the question 
set. 

Some examiners would classify this behaviour as 
‘examination technique’ or conscious bluffing on 
the part of the students who, knowing that they are 
unlikely to pass, have memorized answers on strictly 
limited topics and are gomg to use them no matter 
what the question. But not all erring students can 
be eredited with this conscious cunning, for some 
irrelevant answers display conscientious and thorough 
preparation. 

Occasionally the explanation lies in the examiner's 
technique; the question may have been badly 
worded, the interpretation which seemed obvious to 
the examiner was not obvious to other readers ; thus 
seemingly irrelevant answers may prove relevant, 
if the question is re-interpreted. 

In other cases the weakness seems to be in the 
student’s reading ability. The student must be 
technically able to read the question ; but the sense 
of the sentence is not grasped. One word only, or 
part of the sentence only, dominates the rest and 
evokes the associations to this one element. This is 
an example of the so-called global thinking supposedly 
characteristic of early childhood, where a general 
concept is present or brought to mind, but finer 
discriminations cannot be made, and analysis, 
perception of detail and component parts do not 
occur. This leads to regression to an earlier 
stage of behaviour, possibly caused, like other 
regressions, by a stressful situation. Yet surely 
the concepts in question have been analysed during 
preparation for the examination? Surely, too, 
the student has been trained to attend to the 
different parts of meaning conveyed by whole 
sentences ? 


Does the error occur in grasping the meaning of the 
question or in attempting to respond to it? If it is 
the latter, the behaviour may be explained as regres- 
sion to another primitive type of mental activity, 
to rote-memory in which the information sought can 
be reproduced only imbedded in the impresmons 
originally accompanying it. It is difficult to believe 
that, having reproduced all the data, the student 
still cannot select from this reproduction all that is 
relevant. 

Yet this the student seems unsble to do. It is 
precisely selection and discussion that are avoided. 
It seems increasingly probable that this avoidance 
may be due not to ignorance of what is wanted, not 
to bluff or sophisticated examination technique, not 
to failure in reading ability, but to emotional factors 
of anxiety and fear. The student approaches the 
examination, with the feeling of not knowing enough, 
or of not knowing the material sufficiently well to 
remembor it all. Acute anxiety is aroused by what 
seems & request to be judged on only a part of what 
has been learned. 

Yet if the relevant material were selected and 
discussed, the student’s answer should develop fully 
satisfactory dimensions. The student is invited to 
display a lesser amount of factual knowledge, provided 
evidence of thought is added. 

It is possible that this avoidance by the student of 

ing out a new aspect is not irrational, but the 
result of learning from experience. Even good 
examination candidates considering & new aspect of a 
familiar subject discover that their knowledge is 
inadequate; items of related knowledge do not 
always present themselves. The candidate has either 
been content to accept words without close mquiry 
into meaning, or has learned the accepted formula 
without considering all them implications. 

Even where there is no discovery of ignorance, 
thought does not always operate smoothly ; although 
we have relevant points to make, they may not all 
occur to us, or arrange themselves in the appropriate 
pattern immediately. It could be argued that 
students should have thought so much about the 
subject beforehand that their thinking has become 
flexible and well integrated. It- remains possible 
that the examiner calls for discussion of an unforeseen 
aspect. Thus the student’s resistance, conscious or 
not, to following a new line of thought in examination 
circumstances (or elsewhere) might be well founded 
on past experience of unsuccessful effort. It is so 
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much easier to let thinkmg follow the usual path 
aaa by a signal word, or let memory take over 

m it. 

This avoidance is to be deplored. It can be over- 
come at least partly by good teaching. Students 
who have had sufficient practice both in thinking 
about new aspects of ther subject and in criticizing 
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irrelevant responses may come to recognize more 
clearly what is relevant and to feel some confidence 
in their own ability to think independently. More 
independent study could also help, since thinkmg 
flexibly in a subject and perceiving most of its imph- 
cations are made more easy by increasing knowledge 
and work in it. 


RESISTANCE OF GONOCOCCUS STRAINS TO PENICILLIN 


ONOCOCCUS strains isolated in 1944 were found 

to be highly sensitive to penicillin. From 1946 
onwards, the existence of less sensitive strains were 
observed. Up to the end of 1955, doses of penicillin, 
twice to four times as great as those which were 
effective against the strains isolated in 1944, were 
enough to stop the development of the less sensitive 
strains isolated at the Statens Seruminstitut, Copen- 
hagen. Then, from a case of gonorrhoea without 
complications, four strains were isolated which were 
found to be only one-twentieth as sensitive as the 
1944 strains. This discovery and the fact that the 
incidence of gonorrhoea remained about the same 
in spite of penicillin therapy indicated the need for 
further research. ‘This was carried out during 1957 
and 1958 by Alice Reyn and M. W. Bentzon, who 
made a comparison of several hundred recently 
isolated gonococcus strains with a hundred strains 
isolated in 1944 (World Health nization Chronicle, 
14; No. 3. March 1960). This showed that, for 
inhibition, about 25 per cent of the strams sent to 
the laboratory for diagnosis in 1957 required doses of 
penicillin twenty times greater than had been needed 
for most strains originally. 

Twenty strains showing reduced sensitivity to 
peniculin were subcultured for 30-90 days on a 
medium with no penicilin, without any increase in 
sensitivity being produced. 

Both in 1957 and 1958, some 200 strains were tested 
for penicillin sensitivity by the tablet method, that 
is to say, by placing penicillin tablets in the culture 
medium and measuring the zone of inhibition around 
them. The zone diameters varied between 20 and 


50mm. In both years, about 39 per cent of the strains 
showed reduced sensitivity, that is to say, zone 
diameters of 34 mm. or less. In 1958, however, the 
number of strains with zone diameters of 44 mm. or 
more was significantly lower than in 1957, which 
seams to indicate that the selection (and induction) 
of the strains with a comparatively reduced penicillin 
sensitivity contimues. 

None of the 1957 strains was completely resistant to 
streptomycin, but two of the 1958 strains (from the 
same patient) were. 

In both the 1957 and 1958 strains a signifi- 
cant positive correlation was observed between 
sensitivity to penicillin and sensitivity to strepto- 
mycin. 

From June 1957 onwards, atypical gonococcus 
strains—most of them sensitive to penicdlin— 
appeared in the cultures. The growth of these strains 
on the routine media is poor; they require special 
conditions for culture and are able to ferment glucose 
only weakly or not at all. Serological examination 
showed them to be distinguished from normal 
strains by the frequent presence of anti-comple- 
mentary antigens. The proportion of atypical strains 
rose to 40 per cent in January 1958 when the culture 
and fermentation media were changed, The change 
of culture medium had yet another effect: the 
inhibition zones of the atypical strains—and of these 
alone—were greater on ox-heart broth than on ox- 
meat broth. This phenomenon has not yet been 
explained. It ıs possible that the emergence of 
atypical strains is related to the mode of action of 
the penicillin. 


GLOBULAR CLUSTERS 


STRONOMY has always suffered because of the 

uneven distribution of its personnel and equip- 
ment between the northern and southern hemispheres. 
Espocialy welcome, therefore, are the growing 
number of contributions from the Radcliffe Observ- 
atory at Pretoria. A series of three contributions by 
Dr. T. D. Kinman (Mon. Not. Roy. Astro. Soc , 119, 
157, 538, 558; 1959) represents an important 
addition to our knowledge of globular clusters. A 
study of their motions in the Galaxy 1s of interest 
because these clusters are prototypes of Baade’s 
Population II and are beheved to contain tho oldost 
stars ın the Galaxy. Kinman has obtained the radial 
velocities of thirty southern globular clusters, for 
sixteen of which no previous determinations of 
velocities existed; velocities are now available for 
seventy clusters in all, more than two-thirds of the 
known clusters m our Galaxy. The effect of the 
metel/hydrogen ratio on the strengths of the spectral 
lines of metallic elements in the clusters was studied 
by Kmman, He found that this ratio varies from 


0-1 to less than 0-01 for different clusters. He also 
found that clusters of the earliest spectral type, the 
stars of which have a very low abundance of metal, 
form an extended spherical distribution with little 
concentration in the galactic plane, while those of 
latest type, the stars of which have the highest 
abundance of metal, show a strong concentration in 
the galactic plane. Clusters of intermediate type 
show an intermediate distribution. 

The motion of the Sun relative to the globular 
clusters was determmed; the apex of the solar 
motion does not deviate from the direction of the 
Sun’s galactic rotation. The new analysia confirms 
tho older conclusion that the orbits of the individual 
clusters in the Galaxy are highly eccentric. The 
mean angular momentum per unit mass of the 
cluster system is the same as the mean for the rest 
of the Galaxy. This is in accord with the hypothesis 
that the clusters were formed in a,spherical gas cloud 
which was in the process of contracting to form the 
galactic disk. 
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SOME BOTTOM CORES FROM THE SWEDISH DEEP-SEA 


EXPEDITION, 


HE final pubheation of the analyses and con- 

clusions to be drawn from the world-wide 
collection of cores made by the Swedish Deep-Sea 
Expedition during 1947—48 is still to come. How- 
ever, with the enormous amount of material collected 
and the wide scope of the examinations, it is inevitable 
that the results of particular studies made by many 
different workers should be published separately 
and as soon as completed. Thus during the past 
two years, five fascicules, comprising ten separate 
papers on sedimentation problems, have been pub- 
lished in the series of the Expedition reports’. 
Some of these papers represent exhaustive studies 
of particular cores, whereas others merely present 
briefly the results of the application of one particular 
technique to some core material. The cores from the 
different oceans of the world crossed by the Albatross 
during the Expedition are dealt with in separate 
volumes in the reports, all papers relevant to these 
corps „being published in one volume, consisting of 
several fascicules published as the results become 
available. 

Fasc. 4 of the volume on West Pacific cores con- 
tains four papers describing a core of 4m. taken from 
a depth of 7,710 m. in the Mindanao Trough. This 
consists of a thin layer of sand overlying a thick 
bed of fine-grained terrestrial mud which in turn 
overlies a bed deposited by series of turbidity cur- 
vents, containing graded sand layers. The principal 
work is described by Fredriksson, who has under- 
taken mechanical, chemical and petrological analyses 
of both the fine and coarse fractions of the core. 
These show that the sedimentary material has been 
derived mainly from the andesitic to basaltic rocks 
of the nearby Snellius Ridge. The breaking up 
process is attributed to tectonic movement and 
voleanic explosion, the fine material being trans- 
ported by sea currents and the coarser silts 
and sands by mud slides followed by turbidity 
currents. 

This conclusion is confirmed by the discovery of 
shallow water benthonic Foraminifera in the coarse 
layers in the core (Reyment) and of fragments of 


* Gdteborgs Kungl. Vetenskaps-och Vitterhets-Samhalle. Reporte 
of the Swedish Deep-Sea Expedition, 1947-1948. 
No. 4. A sediment 


Yol. 6. Bedtiment cores from the West Pacific. 

danao y K. Fredmkason, p. 97-184. 
itlon of some <2 micron ons ina 
danao ugh. 


p: 135-188. No. 6. A Note aS the Foraminifera in a sediment core 
rom the Mindanao Trough. B. A. Reyment, p. 139-156. No. 7. 
Fiagmenta of calcareous fice ‘A a sediment core from the Mindanao 
Trough. By H. Horn af Rantzien, p. 167-160. 25 Sw. kr. 


Vol. 7. Sedbment cores from the North Atlantic Ocean. No. 
Sedimentpe 6 Untersuchun td Lotkerne 255 und S87, 
By F. W. Locher, p. 185-208. No. Beitrag zum Problem der 
Tiefseegande ım westlichen Tell dea n At Atlantiks. By 
F. W. Locher, p, 200-225. 10 Sw. kr. 


Vol. 8. Sediment cores from the Mediterranean Sea end the Bed 
Sea. No. 1. The sediments of the Central Tyrrhenian Sea. By 
E. Norin, p. 1-186. 85 Sw. kr. 


Vol. 10. Special Investigations. No.2. Examinations of core 72 
and 728. By W. Dokeyser, p. 88-88. No.3. X-ray determination 

yey aaa in a semeni cone from the Central Equatorial Pacific. 
By F. Lippman, 5 Sw. kr. No.4. On the aia deed hy of 
some bottom sec one ean ne Central Pacific. By F, Brotxen and 
A. Dinesen, p. 43-55. 5 Sw. 


(Goteborg: Blanders snc Aktiebolag. 1958 and 1959.) 


1947—48 


calcareous algae known to exist in reef-building :' 
corals characteristic of shallow water (Horn af 
Rantzien). 

Two papers by Locher describe five cores taken in. 
the West Equatorial Atlantic basin between the 
Amazon Estuary and the Mid-Atlantic Ridge. All 
these cores show sand and silt layers with associated 
beds of blue mud. Mineralogical and petrographical 
analyses of the heavy minerals of the cores are 
described and show that there are significant differ- 
ences between their mineral assemblages and those of 
samples taken from the Amazon Estuary. The sand 
layers, which are rich in Foraminifera, have all the 
properties of turbidity current deposits and are 
assumed to be derived from the South American 
continent. 

The work of Norin on a core of 18 m. from the 
central Tyrrhenian Sea is the most complete descrip- 
tion of any of the cores discussed here. The core 
consists chiefly of a calcareous pelagic clay sparsely 
intermixed with aerial dust and silt. The clay 
minerals are shown to have been largely derived 
from the land mass to the east, although it is suggested 
that the montmorillonite is authigenic. Intercalated 
in the column of normal pelagic sediment are many 
layers of coarser and darker materials. Each of these 
has been studied in detail and is desombed with regard 
to its mechanical and mineralogical composition. 
The layers can be ascribed to three different modes of 
deposition, each with its own characteristic com- 
position and formation. Eruptions of nearby 
volcanoes contribute volcanic glass and pumice, 
although it has been difficult to correlate the layers 
with known, periods of volcanic activity. Some layers 

with sharp boundaries both below and above are 
characteristic of exceptionally severe dust storms. 
Very small quantities of such eolian deposits are 
found throughout the core. Thirdly, there are the 
turbidity current deposits which apparently originate 
on a ridge nearby. The material of these deposits 
1s highly mixed, contaimmg volcanic ash, Foramini- 
fora and quartz. It is thought that the quartz is first 
deposited on the ridge by eolian transport and later 
moved by the turbidity currents. A thorough study 
of the surroundmg land geology and of the petro- 
graphy of the volcanoes in the region enables & very 
precise study of the origin of the sediments to be 
made. It is unfortunate, however, that more is not 
known of the topography of the sea-floor surrounding 
the core and that more cores are not available to 
correlate simultaneous deposits. 

In the volume on “Special Investigations’, the 
mineral composition of the clay fraction of two cores 
from the Atlantic and Pacific is compared (Dekeyser 
and Lippman). From the rather lhmited data it is 
concluded that there are marked differences between 
cores but surprising constancy throughout each core. 
Brotzen and Dinesen have attempted to correlate 
the stratigraphic sections of two Pacific cores using a 
statistical treatment of the foraminiferal assemblages. 
These appear to be controlled by climatic conditions, 
and warm and cold periods can be distinguished. 
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The correlations, however, are not striking, and 
there is no evidence that the cores do in fact represent 
continuous and undisturbed sedimentation. 

Perhaps the most interesting general conclusion 
to be drawn from this series of papers on deep sea 
sediments is that it is extremely rare to find a core 
that does represent continuous and undisturbed 
sedimentation. In every core described, there is 
evidence of a great deal of horizontal displacement 
of sediments after their initial deposition, by slumps, 
mud slides and turbidity currents. As these are 
processes controlled by gravity, and taking place on 
the bottom, the local topography is of the utmost 
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importance. Different physiographical regions, as 
defined by Heezen, will have different types of 
sediment deposited. <Any attempt at correlation 
between cores must take this into account. 

The work that has been carried out on analysis of 
the cores obtained by the Albatross represents, per- 
haps, one of the most exhaustive studies ever made 
on deep-sea sediments. Certainly the collection of ° 
papers provides a sold mass of accurate data to 
which other sediment studies can be referred and 
which will inevitably lead to a better understanding 
of the processes involved in deep-sea sedimentation. 

A. 5. LAUGHTON 


RADIO EMISSION AND POLAR 


CAP ABSORPTION OF COSMIC NOISE* 


By Dr. M. R. KUNDU and Pror. F. T. HADDOCK 
The Observatory, University of Michigan, Ann Arbor 


ONOSPHERIC absorption of cosmic noise in polar 

regions (called polar cap absorption) is believed 
to be caused by ionization of the upper atmosphere 
by fast protons (in the energy-rango of 10-60 MeV.) 
emitted from the Sun after a big flare*. Direct 
balloon observations of protons have confirmed this 
hypothesis*,*. It is further known that, following the 
associated solar phenomena, the absorption event 
begins after a highly variable delay of 1-50 hr. The 
association of some proton events with metre-wave 
outbursts of contmuum radiation hes led to the 
belief that cosmic-ray particles, or fast protons, are 
accelerated by the same mechanism as the fast elec- 
trons responsible for continuum radiation, that is, 
synchrotron radiation from high-energy electrons 
accelerated in magnetic fields in the solar atmo- 
sphere. The use of polar cap absorption as a detector 
of low-energy cosmic rays suggests the importance of 
identifying the nature of solar radio emission which 
might be associated with these absorption eventa. 
In this article, we intend to make a statistical study 
of the nature of centimetre-wave as well as metre- 
wave radio outbursts associated with polar cap 
absorption events and, if possible, to draw general 
conclusions regarding the prediction of the proton 
events. 

During February 1956—July 1959, 31 events of 
polar cap absorption have been reported1*. For the 
radio burst data we have used the single frequency 
observations of the University of Nagoya on 9,400, 
3,750, 2,000 and 1,000 Mc./s., of Ottawa on 2,800 
Mo./s., and the dynamic spectrum records of the 
University of Michigan and the Harvard station at 
Fort Davis in 100-600 Mc./s. band and of Sydney in 
40-240 Mc./s. 

Metre-wave outbursts of continuum radiation 
characterized by its broad-band spectrum, long 
duration and strong polarization is called type IV 
radio emission, and it is believed that broad-band 

* Since the preparavan of this article, a note on tho same subject 

3 1960) by Drs. A. B. Thompson and A. Maxwell 

came to our notice. Thess authors discuss the rela 
cosmic ra IV metre-wave outbursts of continuum 


th type 
radiation, but ys not consider the centimetre-wave ontburst radiation 
discussed in this 


whioh, as plays a very important part in the 


occurrence of low-energy cosmic ray events, 


tion of low-energy 


centimetre-wave outbursts are also of the same nature. 
A centimstre-wave outburst is defined as a burst of 
emission having a peak intensity greater than 100 
units (1 unit = 10-** W.m.-*(c./s.)-!), and wg spall 
define the centimetre-wave outbursts having peak 
intensities greater than 500 units over the entire 
wave-length range of 3-30 cm. as intense broad-band 
centimetre-wave outbursts and those having peak 
intensities greater than 100 but less than 500 units 
over the same wave-length range as moderate broad- 
band centimetre-wave outbursts. 

Of the 31 polar cap absorption events so far 
reported, 28 events occurred during periods of centi- 
metre-wave observations, and in only 18 events were 
there simultaneous metre-wave spectral observations. 
All 28 absorption events have been identified as 
being sassociated with cantimetre-wave outbursts. 
The solar radio events associated with polar cap 
absorption events are intense centimetre-wave burst 
radiations which have a very wide spectrum, extend- 
ing down to metre-waves. The burst radiation on 
centimetre/waves is always partially polarized and 
it usually lasts more than 10 min.; im some cases 
several hours. Simultaneous dynamic-spectrum 
observations made in 18 cases on metre-waves show 
that in the majority of the cases they are associated 
with type IV radio emission. The details of the 
association of the polar cap absorption events with 
the solar radio outbursts are summarized in Table 1. 


TWENTY-HIGHT POLAR OAP ABSORPTION KVENTS 
(August 1956—S te 1959) 


Table 1. 


Associated metre-wave outbursts 





Table 1 shows that all 28 polar cap absorp- 
tion events are associated with centimetre-wave 
outbursts. Their peak intensities are comparable 
over the whole wave-length range of 3-30 am.; the 
spectrum is rather flat in this wave-length range. 
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Fig. 1. Peak intensity (x 10-7! Wim-* Eley 2 as a function of 


wave-length (em.) during a broad-band cantimetre-wave out- 
burst associated with a polar cap absorption event 


The spectrum of a typical outburst associated with an 
absorption event is shown in Fig. 1. 

As shown in Table 1, nearly all the centimetre 
outbursts have type [IV metre-wave emission asso- 
ciated with them. There sare three cases in which the 
metre-wave event consists only of a group of type NT 
bursts and a type II outburst without the appearance 
of a type IV event. Since there are reasons‘ for 
believing that centimetre-wave outbursts are emis- 
sions of type IV and that the type IV emission 
` spectrum can sometimes have an abrupt low-fre- 
quéindy cut-off, one can assume that these three 
events are also type IV emission with peak intensity 
in the centimetre range. 

As we have mentioned above, the polar cap absorp- 
tion event follows the associated solar radio event 
with a delay varying from 1 to 50 hr. If we divide 
the centimetre outbursts according to their mtensitiy 
into two classes, intense and moderate, we find that 
the average delay does not exceed 6 hr. for events 
associated with intense centimetre outbursts. For 
the moderate outbursts, the delay is greater. This 
result is summarized in Table 2. 

Table 3 shows that the polar cap absorption event 
has a strong tendency to occur within 6 hr. of an 


Table 2. OSNTIMETRE-WAVR BKYENTS ASSOCIATHD WitH Poran Cap 


ABSORPTION EVENTS 


Number of associated 
motre-wavo outbursts 
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intense centimetre-wave outburst. Statistically, the 
greater the intensity of the centimetre-wave outburst, 
the shorter the delay of the onset of the absorption 
event. 

Thus, one can conclude that the polar cap absorp- 
tion events are very closely associated with metre- 
wave continuum outbursts of type IV as well as 
broad-band centimetre-wave outbursts which are 
believed to be of the same nature as type IV emission 
on metre-waves. However, it is rather difficult to 
determine if all centimetre-wave outbursts will be 
associated with polar cap absorption events, since 
observations of polar cap absorption were not con- 
tinuous until May 1958. Moreover, centimetre-wave 
dynamic-spectral observations will probably be 
necessary to determine if a particular centimetre 
outburst is the type associated with a polar cap 
absorption event and such observations have only 
just begun®. However, continuous observations of 
polar cap absorption since May 1958 are available, 
and some knowledge of the spectra of centimetre-wave 
outbursts can be obtained from single frequency 
measurements in the wave-length range of 3-30 em. 

We have analysed the centimetre-wave outbursts 
observed during the period May 1958-July 1959 in 
an attempt to determine the characteristics of 
centimetre-wave outbursts which are most likely 
to be associated with the polar cap absorption events. 
From our knowledge of the polar cap absorption 
events and the charactéristics of the centimetre- 
wave outbursts associated with them, we have made 
a pre-selection of the outbursts used in our analysis. 
Thus, we have selected only the outbursts having a 
rather flat spectrum in the wave-length range of 
3-30 cm. with peak intensities greater than 100 units 
over the entire range, and the duration of which is 
greater than 10 min. We have selected 34 such 
centimetre-wave outbursts. The association of these 
outbursts with the polar cap absorption events is 
shown in Table 3. Also shown in the same Table is the 
association between type IV metre-wave outbursts 
and the polar cap absorption events. It should be 
noted that metre-wave dynamic spectral observations 
were not available in all cases, and therefore we have 
used the single frequency observations on 200 Mc./s. 
to identify type IV emission in five cases. . 

Table 3 shows: (1) Only about one-third (35 per 
cent) of all centimetre-wave outbursts having peak 
intensities greater than 100 units over the wave- 
length range of 3-30 cm. are associated with polar 
cap absorption events. (2) About 83 per cent of 
intense broad-band centimetre-wave outbursts are 
associated with polar cap absorption events. (3) 
About 53 per cent of all type IV metre-wave outbursts 
are associated with polar cap absorption events. 


Table 8. ASSOGLATION OF RADIO OUTBURSTS Wrta POLAR QAP ABSORPTION EVENTS 
(May 1988~July 1059) 


Radio outbursts 





Broad-band centimetre-wave 
outbursts independent of metre- 
wave outbursts ocourrence 


Type IVY metre-wave outbursts 
dent of centimetre-wave 
outbursts ocourrence 


intense and moderate 
intense only 


Type IV metre-wave outbursts 
associated with broad-band 
centimetre-wave outbursts 


moderate 
intense 


Centimetre-wave intensity | No. of radio events 


Polar cap absorption 
events Percentage of 
polar cap absorption 
Yea No association 
34 12 22 35 
12 10 2 83 
19 10 9 53 
7 0 7 0 
12 10 2 83 





Fig. 2. Vertical arrow mdicates the onset of bioad-band centumetre-wave outbuist or 
type IV event, double vertical lines indicate the appearance (left) and disappearance 
mene of an active region of noise storms and hatched porao correspond, from top to 
ept. 12, 1957; 


tom, to polar cap absorption eventa starting on 


Sept. 26,1957: July 29,1958; Feb. 10,1958; Sept. 21, 1957; J 
1957: ree A ; 22, wes 


Rept. 2b, 1 ug. 16,1958; July 3, 1957; June 


These outbursts are also associated with broad-band 
contimetre-wave outbursts, and therefore the associa- 
tion of the latter with polar cap absorption events 
increases from 35 to 53 per cent when type IV emission 
is associated with them. (4) Type IV metre-wave 
outbursts associated with moderate centimetre-wave 
outbursts are not associated with polar cap absorption 
events. (5) About 83 per cent of the type IV metre- 
wave outbursts associated with mtense centimetre- 
wave outbursts are also associated with polar cap 
absorption events. 

Thus, it follows that the intense broad-band centi- 
metre-wave outbursts which are frequently associ- 
ated with type IV metre-wave outbursts are the type 
of solar radio events most likely to be associated 
with polar cap absorption events. The occurrence of 
type IV outbursts on metre-waves alone is not a 
sufficient indication for the occurrence of polar cap 
absorption, but it must be simultaneous with intense 
centimetre-wave outbursts observed over the whole 
wave-length range of 3-30 om. This result can be 
used in the prediction of the solar proton events. It 
should be noted, however, that the foregoing result is 
based upon limited results covering only 15 months, 
during which continuous observations of polar cap 
absorption were available. 

It is known that broad-band centimetre-wave 
outbursts and type IV metre-wave outbursts of con- 
tmuum radiation following solar flares do not last 
more than several hours, but the associated polar 
cap absorption can last several days. Also, balloon 
observations have detected the presence of protons 
up to several days after the associated solar event. 
The time-scale of the proton-induced polar cap absorp- 
tion event is comparable to the duration of radio 
noise storms originating in active regions on the solar 
disk. We know that such noise storms occur only 
on metre waves and longer. A convenient source of 
daily records of radio-noise storms is given by the 
Nan¢cay 169-Mc./s. interferometer observations which 
are displayed as ‘active regions’ on a diagram show- 
ing one-dimensional evolution of these regions’. 
On analysis, it is found that of the 27 polar cap 
absorption events, during which there were simul- 
taneous interferometric observations, only seven 
(about 25 per cent) occurred during periods free 
of noise storms on 169 Mc./s, The remaining 20 events 
occurred during periods of enhanced 169-Mc./as. 
radiation. A graphical representation of the sequence 
of events—the ‘active regions’ of noise storms, the 
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polar cap absorption events and 
the onset of broad-band centimetre- 
wave outbursts or type IV event— 
is shown in Fig. 2. 

It is seen that the duration of 
the polar cap absorption event 
appears to be related to the pres- 
ence of noise storm regions. The. 
absorption starts after broad-band 
centimetre-wave outbursts or type 
IV event and continues approxim- 
ately so long as the ‘active region’ 
is present. Further, there exists a 
close correlation between the pres- 
ence on the Sun of the sources 
(determined by optically associated 
flares) where broad-band centi- 
metre-wave outbursts or type IV 
events occur and the ‘active regions’ 
of noise storms’. 

The relation of the duration of the polar cap absorp- 
tion events with the presence on the Sun of the 
‘active regions’ of noise storms on 169 Mc./s. is more 
clearly seen from the two correlation diagrams shown 
in Fig. 3. In these diagrams, the duration of the polar 
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Fig. 3. Duration of active regions of noise storms (a) after and 
(6) before the onset of broad-band centimetre-wave outburst or 
type IV event, plotted against the duration of polar cap absorption 
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cap absorption event is plotted against the duration 
of the ‘active regions’ of noise storms (a) after the 
occurrence of the broad-band centimetre-wave out- 
bursts or type IV event (Fig. 3a), and (6) before the 
occurrence of the broad-band centimetre-wave 
outbursts or type IV event (Fig. 3b). Where more 
than one type IV event occurs during the presence 
on tho Sun of the ‘active regions’, the total duration of 
all the polar cap absorption events is considered. It 
is evident from these two diagrams that the 
occurrence of a broad-band centimetre-wave outburst 
or type IV event ıs an important indication for the 
occurrence of a polar cap absorption event the 
duration of which appears to be related to the duration 
of the ‘active regions’ of noise storms after the broad- 
band centimetre-wave outburst or type IV event, but 
seems to have no relation at all to the presence 
of the ‘active regions’ before the onset of the broad- 
band centimetre-wave outburst or type IV event. 

From the foregoing considerations it appears that 
the polar cap absorption events are very closely 
associated with the occurrence of broad-band centi- 
metre-wave outbursts or type IV events and ther 
duration is related to the presence on the Sun of 
‘active regions’ of noise storms. 

Thus, our results are consistent with the hypothesis 
that the cosmic ray particles, or fast protons, are 
accelerated by the same process as the fast electrons 
responsible for the emission of broad-band centimetre- 
wave outbursts or type IV continuum radiation. The 
presence of magnetic fields over the source of type IV 
emission, a8 evidenced by the strong polarization of 
the radio bursts, suggests the possibility of trapping of 
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high-energy charged particles. The exact mechanism 
by which the protons accelerated during broad-band 
centimetre-wave outbursts or type IV emission are 
retained or generated in the solar atmosphere and 
gradually diffuse out of the Sun, with the gradual 
dissipation of magnetic fields, is not known. However, 
the fact that there is a close correlation between 
the presence on the Sun of the sources of broad-band 
centimetre-wave outbursta or type IV events, and 
of the ‘active regions’ of noise storms, on one 
hand, and between the duration of the polar cap 
absorption event and the duration of ‘active regions’ 
following the broad-band centimetre-wave outbursts 
or type IV events, on the other, suggest that these 
‘active regions’ might play some part in the storage 
(or trapping) of the protons responsible for absorption 
events in the polar regions. 

Thanks are due to Mr. H. Leinbach of the Geophysi- 
cal Institute of University of Alaska and Dr. D. K. 
Bailey of the National Bureau of Standards, Boulder, 
for supplying us with polar cap absorption data before 
publication. The work described here was financially 
supported by the Office of Naval Research Contract 
Nonr. 1224(16). 
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SCINTILLATION COUNTING OF CARBON-14 


By DAVID S. JENKINSON 
Rothamsted Experimental Station, Harpenden 


PRECISE method for the radioassay of carbon- 

14 in aqueous solution was developed for use in 
work on the decomposition in soil of plant material 
labelled with carbon-14. This method 1s swtable for 
handling large numbers of samples with specific 
activities of 0 1-10 uc., and does not depend on the 
chemical form of the carbon or on the colour of the 
solution. The new method is a development of 
published methods'-? for the radioassay of weak B- 
emitters by counting the pulses of light emitted by a 
plastic phosphor in contact with a solution of the 
1wotope. 

A cell was made by cementing a disk of plastic 
phosphor (N.E. 102, 0-127 mm. thick, 4:12 em. 
diameter, obtained from Nuclear Enterprises, Ltd.), 
on a disk of ‘Perspex’ (1-4 mm. thick, 4-12 em. in 
diameter) using amyl acetate as solvent. A ‘Perspex’ 
ring (internal diameter 3-80 cm., height 2-50 cm., 
external diameter 4 12 cm.) was then cemented to 
the phosphor side of the combined disk. The cell 
fitted the counting chamber of a Panax model 
S.C.-L.P. scmtillation counter, bemg held directly 
above the photomultiplier tube and in optical contact 
with it through a film of silicone oil. The radioactive 
solution was poured into the cell, placed in the count- 
ing chamber, and counted using a gain of 14,400, a 
discriminator voltage of 7-5, and with a voltage of 


1,560 on the photomultiplier tube. The cell was then 
removed, rinsed with distilled water, dried with 
absorbent paper, and the next sample poured in. 
When. the cell was exposed to strong light the back- 
ground (32 c.p.m. at 25° C.) increased and returned 
to normal only after a number of hours. This effect 
was less marked the thinner the sheet of plastic 
phosphor ; the cell described above could be handled 
in indirect light without significant rise in background 
count. An additional advantage m using a thin sheet 
of plastic phosphor is to decrease the normal back- 
ground of the cell: a cell constructed with plastic 
phosphor 1-0 mm. in thickness had a background 
of 40 c._p.m. at 25° C. The volume of liquid required 
to cover the floor of the cell completely (4 ml.) covers 
the plastic phosphor to a depth of 3-5 mm., a depth 
much greater than the maximum range (0:3 mm.) 
of carbon-14 8-particles ın water. For a gven solution 
of carbon-14 the count rate should therefore be mde- 
pendent of the volume of liquid in the cell, once the 
floor of the cell had been completely covered. Fig. 1 
shows that this was not so. This is because the 
amount of light reaching the photomultiplier by 
total internal reflexion at the liquid —air surface 
varies with depth. This effect was eliminated by 
adding an opaque dye to absorb all hght transmitted 
through the solution, when the count rate becomes 
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independent of the volume of active solution for 
volumes greater than 6 ml. (Fig. 1). The count rate is 
reduced 10-12 per cent by loss of reflected lighi. 
Naphthalene leather carbon G.S. was a suitable dye 
for all the neutral and alkaline solutions tested ; 
indian ink was suitable for solutions in which it did 
not coagulate. The amount of dye is not critical; a 
concentration of 0-1 per cent was normally used, but 
varying it from 0-05 to 0-15 per cent did not affect 
the result. Adding dye to solutions bemg counted 
makes it unnecessary to add an exact volume of an 
active solution to the cell, any volume between 
6 and 18 ml. being suitable, and also makes it possible 
to count coloured solutions, because none of the 
light reaching the photomultiplier is transmitted 
through the liquid. 

Fig. 2 shows that the count rate is directly propor- 
tional to the concentration, of carbon-14 in aqueous 
sodium. carbonate solutions, a result also obtained 
with aqueous solutions of sodium formate labelled 
with carbon-14. The counting efficiency of the cell 
depends on the volume of active solution in the cell ; 
for a volume of 6 ml. the efficiency is 0-16 per cent, 
for a volume of 12 ml., 0-075 per cent. An estimate 
of the accuracy of the method was made by making 
two counts (approximately 75,000 each) on a solution 
of radioactive carbonate, emptying and cleaning the 
cell, doing another pair of counts on the same solution 
and repeating the emptying and filling of the cell 
ten times in all. The standard deviation between 
cell fillings was 0-5 per cent, within the pairs (statisti- 
cal counting error) 0-4 per cent. 

For accurate results all solutions counted must be 
homogeneous ; when the active material precipitates 
or settles out high results are obtained, and the 
count rate rises with time. Ifthe count rate increases 
the cell should be washed out, replaced in the counter 
and the background measured. If the background is 
then normal, sedimentation has occurred; if it has 
risen then another phenomenon, probably caused by 
incomplete quenching in the golution, is involved. 
This occurred with a few of the neutral solutions 
and all the acid solutions examimed. For example, 
a 10 per cent sucrose solution containing 0-07 ue. 
labelled sodium formate/ml. gave a count of 2,101 
c.p.m. rising to 2,825 c._p.m. in 10 mim. When the 
sucrose solution wag removed and the cell washed 
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Fig. 2. Relationship between concentration of carbon-14 and 
pulses counted 


and dried the background was 1,138 c.p.m., falling 
in 40 min. to 340 c.p.m. The effect is completely 
eliminated by adding alkali; a 10 per cent sucrose 
solution 0:1 molar with respect to sodium hydroxide 
containing 0 07 ue. formate/ml. gives &® counts of 
1,478 c.p.m., the cell background being the same 
before and after counting. In counting solutions the 
behaviour of which has not been investigated it is beat 
to make the solution 0-1 molar with sodium hydroxide 
as a routine procedure, because once the background 
count of the cell rises it takes 48 hr. to return to 
normal. 

The range of 8-particles in a liquid is affected by 
the presence of dissolved organic or inorganic material, 
particularly at high concentrations, and with materials 
containing heavy elements. The effect is small with 
materials containing light atoms; 10 per cent solu- 
tions of ‘sucrose, sodium acetate, glycine end sodium 
hydroxide containing labelled formate or carbonate 
gave count rates differing by less than 5 per cent from 
those of aqueous solutions containing labelled sodium 
formate or carbonate alone. A 0 5 N sodium pyro- 
phosphate extract of a compost and a 0-5 N sodium 
sulphite extract of the organic matter of a soil both 
containing labelled formate gave a count rate 4 per 
cent lower than the formate alone. Larger effects 
were obtaimed with solutions containing heavy metals ; 
a 10 per cent solution of phosphotungstic acid made 
alkaline with sodium hydroxide depressed the count 
rate of a formate solution by 14 per cent. In accurate 
work this effect must be taken into account, either 
by the use of internal standards or by comparing 
activities in solutions as nearly identical in concen- 
tration and type of solute as possible. 

The counting efficiency of this method is very low, 
but provided sufficient activity is available to give a 
convenient count rate it provides a very rapid and 
precise method for the radioassay of carbon-14. 

I wish to thank Mr. J. H. A. Dunwoody for the 
statistical examination of some of the data, Dr. O. 
Talibudeen for helpful advice, and the Dyestuffs 
Division of Imperial Chemical Industries, Ltd., for 
the naphthalene leather carbon G.S. 


1 Schram, E., and Lombaert, R., Anal. Okim. Acta, 17, 417 (1957). 
* Greenfield, S., Analyst, 83, 114 (1958). 
* Stelnberg, D., Nature, 182, 740 (1958). 
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DEVELOPMENT OF RESISTANCE IN MICE TO TUMOUR INDUCTION 
BY S E POLYOMA VIRUS 


By SARAH E. STEWART, BERNICE E. EDDY, MARJEAN IRWIN 
5 and STEPHANIE .LEE 


National Cancer Institute and Division of Biologics Standards, 
National Institutes of Health, Bethesda, Maryland 


YBRID (C3HfjHen x AKR)F, mice were highly 

susceptible to the induction of multiple types 
of neoplasms when inoculated, as newly born, with 
polyoma virus carried in tissue culture)*. In more 
recent work, they were found to be resistant to the 
oncogenic effects of the virus after sublines had been 
carried for 3-13 serial passages ın tissue cultures of 
Swiss mouse embryos, whereas Swiss mice retained 
full susceptibility to the virus. It thus appeared 
that while the virus had become adapted to the 
Swiss mouse by passage in Swiss mouse embryo 
cultures, 1t had lost ite ability to infect the hybrids. 
This article reports the resulta of experiments per- 
formed to explore this possibility. 

Tissue culture. Mouse embryo tissue cultures of 
Swifs or O3H mice were prepared by the method 
previously described. Polyoma virus was carried 
in serial in Swiss mouse cultures in all experi- 
ments with the exception of one series where three 
sublines of the virus were carried simultaneously 
in both Swiss and O3H/Hen embryo oultures. 

Virus. Nine sublines of virus were used. The 
origin of five (Nos. 3469, 60, 3919, 3607 and 3791) 
hes been described**. The others (Nos. 5729, 5881 
and 5884) were isolated from Swiss mice with parotid 
tumours induced by virus, while No. 695 was re- 
covered from a hamster with sarcomas induced by 
virus. Sublmes 5729, 5881, and 5884 were those 
carried simultaneously in both Swiss and O3H/Hen 
embryo cultures. 

Mice. Some of the (C3Hf/Hen x AKR)F, litters 
were from mice bred in our laboratory. Others were 
obtained from the Animal Production Center of the 
National Institutes of Health, Bethesda, Md. The 
litters of Swiss mice were also from the Animal 
Production Center. The importance of these different 
sources of the experimental animals will be shown in 
this article. AN mice were inoculated subcutaneously 
within 24 hr. of birth with 0-1 ml. of fluids from tissue 
cultures. The mice were observed for development of 
gross tumours, and those not developing neoplasms 
were killed 24 months after inoculation. 

Immunological procedures. Mouse sera obtamed 
by cardiac puncture were tested for the presence of 
neutralizing antibodies by a procedure described 
earlier*,*, and by inhibition of virus hamagglutinin’. 
Milk obtamed from nursing mothers was also tested 
for antibody content by the inhibition of hamagglu- 
tination of washed guinea pig erythrocytes. 

To test for the inhibition of hemagglutinin, 
twofold dilutions were made from the serum of 
individual mice ranging from 1/10 to 1/81,920. 
Each dilution was tested against two hemagglutinat- 
ing doses of the virus. Controls for the hamag- 
glutinating titres of the virus were made with: each 
test. Milk was tested for antibodies by the same 
method. 


Results. Polyoma virus sublines Nos. 3469 and 60 
which were passed serially m Swiss mouse embryo 
cultures bad produced tumours in (C3Hf x AKR)F, 
mice inoculated with passage virus through the ninth 
and eighth passages, respectively*. The hybrid muce 
receiving subline 60 showed a marked drop in sus- 
ceptibility after the third passage? The decline in 
response to subline 3469 was not so pronounced, but 
became obvious by the thirteenth passage under 
similar conditions. Three other sublines of virus aleo 
did not show oncogenic activity for the (O38Hf x 
AKR)F, mice but produced tumours in Swiss mice. 
These findings are shown in Table 1. 

A possible explanation for the loss of oncogenic 
activity of polyoma virus for the hybrid mice was 
that the virus had become adapted to the Swiss 
mice because it was carried in tissue cultures of Swiss 
mouse embryos. To determine if this had occurred, 
virus sublines Nos. 5729, 5881 and 5884 were procured 
and grown simultaneously in both Swiss and C3H/Hen 
mouse embryo cultures from their first isolation and 
then tested for oncogenic activity in newly born 
Swiss and (OC3Hf x AKR)F, hybrid mice. Table 2 
shows that the hybrid mice were relatively resistant 
to the virus, although it had grown for 3~5 passages 
in cultures of strain C3H embryos. Such results 


Table 1. COMPARISON OF BUSOHPTIBIATY OF (CBHS x AKR)F, Mitox 
AND Swiss MIOH TO S E POLYONA VIRUS 
(Virus carried in Swiss mouse embryo cultures) 





(CSH x AKR)F, mice Swiss mice 
yirs thoaulaesd koaia 
subline | Passage Per cent Per cent 
Mice wi Mice with 
surviving | tumours* | surviving tumours 

138A 35/34 30 100 
15 6/6 E: — 
17 5/4 — — 
18 11/8 — — 
— 15/14 83 

21 4/4 9/9 100 
10 B/6 80/74 98 
6B 4j4 777 100 
10B 17/18 — — 
11B 417 8/6 100 
8 7/8 18/15 100 
8 1816 96 
10 17/10 15/15 100 
2 4/4 — n 
3 — 27/27 92 
6 6/5 9 100 
7 18/18 9/9 100 
8 10/10 — a 
12 — J59 100 
24b — 56/50 06 

6 

8 21/20 30/29 100 





* Exclusive of lenkamia, which ocours spontaneously in these hybrids, 
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Table 2. COMPARISON OF ONCOGENIC ACTIVITY OX S E POLYOMA VIRUS OARRIHD IN EMBRYO CULTURES OF OSH MICH AND OF Swiss MICH 


C3H mouse embryo Í Swiss mouse embryo 


Mice No, moculated Per cent with 
No. surviving tumours 


C3Hf x AKR 
Swiss 


OSHS x AKR 
Rms 


C8Hf x AER 
Swiss 








Ce eanmnontend 






Source of milk 


1/20,480 | 1/40,960 | 1/81,820 


Two female nice moculated with 


virus when newly born — + $+ 
Two female mice from virus-free 

environment 4+ 4+ 4+ 
Cow’s miulkt 4+ 4+ 4+ 





* Minus signs indicate complete inhibition of hemagglutination. Plus signs preceded by numeral indicate degree of hemagglutination. 
t Calf serum has been shown to contam an {nhib:tor which prevents tumour induction m mice (ref. 7). 


Table 4. INHIBITION oF SK POLYOMA VERUS HEMAGGLUTINATION BY ALOUSE SERUM AXTIBODIES* 


Age when Serum dilutions 


Alice bled —— ann le So re 
(months) 1/80 1/2,560 1/5,120 1/Z0,480 | 1/40,960 


Had virus inoculated when 4 
weoks old 


Not inoculated but kept ın virus- 
contaminated environment 


ae a? as 


ES 


a> +? oP 
n 1? ,? 


With adrenal tumow graft 114Gt 


4 be oe oe oe aa yaad: 
++4+4+ ++ 


ee oe a a 
lT ttt eed 


4+ 
4+ 
4+ 
4+ 
4+ 
4+ 


| ees 
HHHH 





* Sera of 12-month-old breeders from environment free of polyoma failed to inhibit hemagglutination above 1/80 dilution, 
t Transplanted tumour mduaced by virus carried through 114 serial tiansfera for peilod of 7 years, 


show that growth of the virus in cultures of Swiss non-specific mhibition of hemagglutination in titres 
embryos was not responsible for its inability to infect of 1/40-1/80, while those with specific polyoma virus 
the hybrids. antibodies had titres of 1/1280-1/81,920. Since calf 
- Resistance of the hybrid mice to polyoma virus was serum has been found to have a substance inhibitory 
finally traced to maternal antibodies. Strain for polyoma virus’, cow’s milk was also tested for 
C3HjHen female mice which were used as breeders hmemagglutmation inhibition, but was found free of 
and housed in the same room with mice that had antibodies (Table 3). 
received polyoma virus were found to have antibodies Hybnd (O3Hf x AKR)F, mice from animals 
specific for the virust. Their sera administered to bred in an environment free of polyoma virus were 
newly born Swiss mice 1 hr. before receiving virus susceptible to the virus. Newly born litters of these 
produced passive immunity. Tumour induction hybrids injected with virus subline 695, 16th—-18th 
could also be prevented by mixing serum with virus passage in Swiss mouse embryo, developed the same 
prior to moculation. Pooled sera from 12 breeders spectrum of neoplasms (with the exception of meso- 
tested completely inhbited tumour induction in theliomas; it was previously reported that mesothe- 
100 per cent of 24 Swiss mice given sufficient virus liomas were not observed in the hybrid mice) as did 
to cause tumours in all of 16 mice that did not receive control Swiss mice. 83 per cent of 30 hybrid mice 
serum. and 100 per cent of 27 Swiss mice developed neo- 
It was also found that the antibody could be plasms. 
transferred to the offspring by way of mother’s milk. Polyoma virus has been shown to be highly anti- 
Milk taken from nuramg stram O38H and Swiss genic. Serum antibodies specific for the virus have 
mothers that had been exposed to the virus and from been found in the following animals: rabbits 
those not exposed when tested for antibody content inoculated with virus for the purpose of developing 
by the method of inhibition of hemagglutination immune sera‘; mice inoculated when newly born, 
showed pronounced differences in effectiveness. which eventually developed neoplasms’; mice not 
The results of a test are shown in Table 3. The range injected with the virus but housed in an environment 
of antibody titres of pooled milk from exposed mice with inoculated animals’; suckling hamsters actively 
was similar to that observed in the sera of mice immunized with virus-antiserum vaccine’, 
which had been exposed to virus (Table 4). The Specific antibodies against polyoma virus have 
milk and sera from mice free of the virus showed a also been stimulated in adult female hamsters with 
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virus treated with formalin. The offspring of such 
animals when inoculated at less than l-3 days of age 
developed fewer neoplasms, and the neoplasms 
appeared after a longer latent period than in the 
_ Offspring of non-immunized females’. 

In a colony of mice with latent polyoma virus 
infection, transfer of maternal antibodies to the 
offspring by way of milk, as observed m our exper- 
ments, could account for any irregularity of results 
folowing inoculation of this virus. Maternal anti- 
bodies may also explain the lack of spontaneous 
parotid gland tumours in an infected colony. Anti- 
bodies transferred to the offspring could also explain 
the absence of these neoplasms in the offspring of 
tumour-bearing females (Stewart, 5. E., unpublished 
work). 

It is also conceivable that latent polyoma virus 
infections may become activated under certam 
conditions. Radiation has been reported as activating 
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a latent leukemia virus!®, It is also possible that 
other carcinogens, viral or chemical, may produce 
tumours by the activation of this or other latent 
oncogenic viruses. 

1 Stewart Eddy Gochenour, A. 3L, Borgese, N. G., 


B. 
and Grebe’ os gay, B® $, 380 (1957). 
(i868). dy, B. E., and Borgese, N. G , J. Nat. Cancer INK, 


. B., Stewart, 3. B., Young, R., and Mider, G. B., J. Nat. 

ee 20, 747 (19 58). 

1 Stewart, 8. B., and Eddy, B. Poh td ade TOE m Virology’, 245 
(John Wiley and Sons. ‘New Worle N.Y., 1959 

* Stewart, S. B., Eddy, B. E., and Stanton, M, in Proc. Third 
Canadian C 


id Sen 
Cancer 


ancer me By nan n Netw York, 1959). 
‘Eddy, B. E, Row wo, W , Stewart, 8. E, and 
Heubner, R. J., Virol., a 200 T 


7 Stewart, S. R, and Eddy, B. E., Proc. Seventh Hematology Con- 
ference (in the press), 

* Stewart, S. E., and Eddy, B'E., Amer. J. Pub, Health, 40, 1493 (1959). 

*Rddy, B. B., Stewart, S. E, and Touchette, R. H. (Abstract), 
Fed. Proc., 18, 565 (1959). 

1 Tieberman, AL, and Kaplan, H. 8. (Abstiact), Pioc. Amer, Assor, 
Cancer Research, 3, 38 (1959). 


AMINO-ACID COMPOSITION OF PROTEINS FROM SURFACE TISSUE 
OF THE TONGUE 


By Cr. C. J. BARNES and Dr. L. N. FERGUSON 


HIS investigation is part of a programme! to 

find a set of molecular properties which may 
serve as a parameter for predicting the tastes of 
compounds, and to learn the mechanism by which 
sapid substances stimulate the chemoreceptor taste 
organ. The fact that the tongue is practically 
the only taste-sensitive area indicates that there is 
something unique about its surface tissue. Since 
enzymes are involved in all biological processes 
and in view of the fact that optical isomers may have 
different tastes, thus revealing the stereospecificity 
of taste chemoreception, it ıs logical to examine first 
the protein material of the surface tissue of the 
tongue. It was thought that a knowledge of the 
amino-acid composition of the surface proteins might 
reveal the presence of unique amino-acids, or, if 
certain amino-acids are present in unusually large 
amounts, one could possibly get a clue to the type of 
molecular interaction occurring between the chemo- 
receptor and the sapid compound. In this study, the 
amino-acid composition was determined for the total 
proteins precipitated from the surface tissue of the 
tip of a human tongue. 

Rectangular strips were removed from the outer 
surface of the tip, edges, and centre area of a human 
tongue. The underlying muscle and fatty tissue were 
scraped away, and the tough outer surface consistmg 
of mucous membrane and papilla was cut into very 
small pieces, and homogenized with 5 per cent tri- 
chloracetic acid in a Potter—-Elvehjem-type tissue 
grinder. It was necessary to grind some of the very 
resistant tissue in a mortar. After centrifugation, 
the supernatant liquid was removed by suction. The 
precipitated protein was washed several times with 
95 per cent ethyl alcohol, twice with acetone, centri- 
fuged, and dried in a vacuum desiccator over concen- 
trated sulphuric acid. 

A 650-mgm. sample of this protemic material was 
weighed and washed into a 50-ml. glass ampoule 


Chemistry Department, Howard Unlversity, Washington, D.C. 


with constant bouing-point hydrochloric acid. The 
ampoule was evacuated, sealed, and heated for 24 hr. 
at 110 + 2° C. to affect hydrolysis. 0-5 ML portions 
of the hydrolysate were placed in smaller ampoules 
and each sample dried in an evacuated desiccator 
over solid godium hydroxide for 20 hr. The residue 
in each ampoule was dissolved in 0-5 mil. distilled 
water, then 0-5 ml. of 0:2 M sodium phosphate buffer 
pH 6-5 was added, and the solution was allowed to 
stand unstoppered for 4 hr. to oxidize any cysteine 
present to cystine. Then were added 0 06 ml. of 
freshly prepared 1 N hydrochloric acid and 2 ml. of 
0:2 N sodium citrate buffer pH 2-3, containing 
BRIJ-35 and thiodiglycol. The ampoules were 
sealed and stored in a freezer for subsequent analysis. 

“Amberlite I[R-120° (CG-120) type IT from the 
Rohm and Hass Co. was prepared by the Moore and 
Stein tap water modification? of Hamilton’s? method 
of fractionating resins. Two fractions were taken for 
use, a 280-ml./min. fraction and a 680-ml./min. 
fraction. Columns of 150-cm. and 49-om. lengths 
were prepared using 0-9-om. mner-diameter tubes. 

The 50° C. and the 30-50° C. systems of Moore and 
Stein were used with the long column. The short 
column was started at 30° and raised to 50° C. after 
the carnosine peak. 

A synthetic mixture of amino-acids was prepared 
by adding 125 moles of the desired amino-acids to 
a 50-ml. volumetric flask. half-filed with water plus 
0-5 ml. of concentrated hydrochloric acid. The 
volume was brought up to 50 ml. and 2- or 3-ml. 
portions added to small ampoules. The air in each 
ampoule was replaced by nitrogen before sealing. The 
vessels were stored in a freezer until analysed. For 
analysis, 1 ml. of this solution of mixed amino-acids 
was diluted with 4 ml. of 0-3 N sodium citrate buffer 
pH 2-2 contaming thioglycol and detergent solution. 
2 M1. of this solution, equivalent to 1 umole of each 
amino-acid, was taken for analysis. 
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The volume at which each amino-acid, was eluted, IE SAE) Ae 7 == 


using a fraction collector, was determined from the ey 
contour of the resulting chromatograms and by i 
comparison with the chromatograms of Moore and 7 
Stein. Then, the fraction number for the various 
amino-acids was used for determing the amino- 
acids present in the hydrolysates, and the sums of 
the absorbances at each peak were used for determ- ow 
Ining the quantities of each amino-acid present. 
Because of the small variations in the volumes used 
for releasing a given amino-acid from the column, 
the analysis of hydrolysates were checked by applying 
the chromatographic procedure to a 50-50 mixture ee 
of a synthetic sample and a sample from the protein 
hydrolysate. 

Since tryptophan is destroyed during acid hydro- 
lysis, it was determined by the spectrophotometric ~— 
method of Goodwin and Morton‘. as 

Several runs were made on the protein material O OGN Ta a i 
taken from the tip of the tongue. Typical chromato- VOLUME (m) 


ABSORBANGE 
a 


VAL 


Se ell 


209 390 





06 


ASS 


grams are shown in Figs. l and 2. Fig. 1. Chromatogram of a hydrolysate of the precipitated 
Lysine from the protein hydrolysate sometimes proteins from the surface tissue of the tip of a tongue 


provided an asymmetrical peak. This raised the 
question as to whether or not ammonia accompanied 
the release of lysine from the column. Since the 
lysine peak from a synthetic mixture was also slightly 
asymmetric, it was concluded that this ‘lysine’ 
peak from the hydrolysate does represent lysine with 


Table 1. AHINO-AOID OOMPOSITION OF PRECIPITATED PROTAINS 
FRON HUMAN TONGUE SURFACH TISSUR IN MGM. OF ANMINO-ACID PER 
100 HGM, OF PROTRIX 









A 
Amino-acid valne on | Centre 
Ti tip area} area 
Glutamic acid 18-8 12 6 110 
L 12-2 117 |148 
10 9 9-9 12 0 
99 9-7 8°3 20 860 fOO 140 100 220 260 300 MO MO 480 460 $00 540 GOG —> VOLUME ML 
79 7°2 6 4 paN Na CITRATE pH 4 2@.— ggg iiiaae 
73 |189 ae 
6'9 6 6 6°7 Fig. 2. Chromatogram of a hydrolysate of the precipitated 
préteims from the surface tissue of the tip of a tongue 
52 6 8 1°6 
5 8 68 42 ; 
4-8 4:8 5'4 no more than a trace of ammonia or some other 
ie O as contaminant. 
4-2 89 5-0 In some runs, a rise in the base-line occurred where 
4-4 6 8) 8 9 histidine would have been eluted. Because of the 
3-2 33 | 1-9 variable nature of the peak, it was not labelled as 


Amino-acid 





Alanine 
Arginine 
Aspartic acid 
tine 
Glutamic acid 


8 
Histidine 
Hydroxylysine 
Hydroxyproline 
Feoleucine 
Leucine 
Lysine 
Methlonme 








Phenylalanine and tyrosine 
Prolin 


such. Even if this elusive peak, is histidine it 
108-7 corresponds to no more than 1-4 mgm. of amino-acid 
per 100 mgm. of dried protein. 


Table 2. AMINO-ACID COMPOSITIONS OF SEVERAL PROTEINS IN MGM. PUR 100 MGM. OF PROTEIN 









































































Horse hemo- Beef tongue Tongue surface 
globin tissue (tip) 
74 4-5 6 4 8 í 88 
3-7 1-0 31 66 8 5 43 
10 6 18 0 6 8 9'9 63 97 
10 2-1 12 5 1'3 0 
8 2 11-9 18-6 17:0 11-3 12 -8 
5 6 6 4 4-23 6'7 27 2 99 
8:7 0°9 49 25 0-8 ? 
1-1 0 
0 090 126 7-3 
0-2 10-8 2-8 48 40 
16-2 10 4 18 2 78 5 6 7'2 
8-5 16 2-5 88 45 11:7 
10 1:7 03 22 0-8 3°3 
10:7 149 21-1 73 3-5 5'9 
86 5-0 25 56 5-1 38 
58 12 2 52 47 35 44 
44 96 2-1 4-3 23 36 
1:7 2-4 03 12 0 35 
90 71 78 6-1 34 5 8 
99 103 7 





No. 4725 May 21, 1960 


Occasionally other rises occurred in the base line 
absorbance. The base lines generally were not stable 
enough to attribute these fluctuations to amino- 
acids. 

The computed amino-acid compositions of the 
protem material from the tip and centre areas of the 
surface tissue of the tongue are given in Table I, 
In general, the ranges of values for a given amino- 
acid were not large, although there are two excep- 
tions. Samples la and 1b represent two different 
analyses of the same batch of hydrolysate. One 
analysis was made on the precipitated proteins from 
the centre (bitter sensitive) area of the tongue. Little 
significance can be given to this single run, which was 
incomplete, because its reliability has not been 
determined through repeated analyses. 

In Table 2 are listed amino-acid compositions of 
some other proteins for comparison. Since our work 
dealt with the mixture of proteins precipitated by 
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trichloracetic acid, ıt is unlikely that a resemblance 
will be found with a single protein. It is observed, 
however, that the tongue surface proteins, unlike 
bulk beef tongue, contain no cystine, and are unique 
with collagen in having significant amounts of 
hydroxyproline. Tongue-surface proteins differ from 
collagen in that the former have tryptophan, a much 
smaller content of proline and glycine, and a higher 
percentage of lysine. 

The work reported here should be carried further 
by first making a more refined sectioning of the tongue 
tissue to include only papilla. Secondly, the tissue 
proteins should be fractionated and analyses made 
on homogeneous fractions. 


1 Lawrence, A. E., and Ferguson, L. N., Nature, 183, 1469 (1959). 

* Moore, S., Stein, W. H., and Sparkman, D. H., Anal. Chem., 30, 1185 
(1058); J. Biol, Okem., 211, 803 (1964). 

? Hamilton, P. B., Anal, Cham., 30, 914 (1958). 

‘Goodwin, T. W., and Morton, R. A., Biochem. J., 40, 629 (1948). 


HIGH FREQUENCY OF SPONTANEOUS AND INDUCED SOMATIC 
SEGREGATION IN ASPERGILLUS NIDULANS 


By Dr. ETTA KAFER 


Department of Genetics, McGill University, Montreal 


HE ascomycete Aspergillus nidulans normally 

carries haploid nuclei in its hyphz and produces 
vegetative spores (conidia) each with & single haploid 
(n) nucleus. Diploid nuclei arise spontaneously with 
a very low frequency by fusion of nuclei in the hyphæ. 
Such diploids can easily be selected and seem farly 
stable. As a rare event mitotic crossing-over occurs 
and diploid segregants are produced, which show 
recombination for markers of a single chromosome 
arm}. This process seems to be analogous to that 
occurring in Drosophila’. The relative frequency of 
the different cross-over types is very constant and 
ther absolute frequency low’. 

Besides mitotic cross-overs & variety of other mitotic 
segregants have been isolated from diploids. Recent 
resulta show that the types and frequencies which are 
observed depend to a high degree on the methods of 
selection and isolation. Whon standard methods 
of selection are used, two maim further types of 
segregants, stable haploids and ‘non-disjunctional’ 
diploids, are isolated with frequencies usually lower 
than that of mitotic cross-overs. Special less-strongly 
selective methods, on the other hand, yield a large 
variety of unstable types, some with much higher 
frequency. These segregants vary in colony appear- 
ance, but they all have reduced growth-rate and 
viability, and are unable to compete with haploid 
or diploid colomes. Under fevourable conditions, for 
example, when replated at low density, they all 
produce vigorous, stable sectors with apparently high 
frequency. The actual frequency of segregation 
may not be very high; but as soon as & few stable 
segregante are produced, these grow so much faster 
that they surround the unstable parental colony and 
atop its growth. Usually it is possible to harvest 
conidia from the centre of such colonies, which are still 
of the original unstable type and on replating show 
again the same pattern of segregating sectors. 


It was found that any one unstable segregant 
produces either only haploid or only diploid sectors, 
except in rare cases when among the diploid sectors a 
fair proportion of haploid ones is found. All diploid 
sectors which show any recessive markers segregate 
simultaneously for all the markers on a chromosome, 
that is they are always of a ‘non-disjunctional’ type. 
The same mechanism of i segregation. of 
whole chromosomes may therefore be responsible 
for the production of all unstable presumably 
aneuploid types as well as their stable haploid or 
diploid sectors. It would produce all mitotic segre- 
gants, except mitotic cross-overs. It is the aim of the 
present work to test this hypothesis. 

T'wo methods of isolating segregants are used, which 
yield unstable segregants with high frequency. 
Preliminary results have been obtained using for 
analysis a diploid heterozygous for 19 markers on 
7 out of 8 chromosome pairs. This diploid ıs wild 
type in phenotype with respect to all recessive 
markers, but if any mutant becomes homozygous or 
hemizygous the corresponding mutant phenotype is 
observed. 

The first method of isolation is selective: single 
conidial heads, which show the mutant phenotype for 
recessive colour markers, are touched with a needle 
and the conidia sticking to it plated. This method 
yields many unstable segregants, which all give sectors 
of haploid type only. The haploid sectors of any one 
unstable segregant are identical with respect to most 
markers, but show segregation for the markers of a 
few chromosome pairs. The unstable segregant 
appears therefore as an aneuploid of a hyper-haploid 
type, and it is possible to deduce which chromosomes 
are monosomic and which disomic. As not all chromo- 
somes were marked, only a minimal estimate of the 
chromosome number ın any one aneuploid was 
obtained. 
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Table 1 


Ploidy Diploid Aneuploid 
s 


ntl +2 “+8 Total 


Obset ved 


numbers 42 40 5 
37% 


Frequency 





Among 115 segregants isolated in this way the 
frequency of the various ploidy types was as shown in 
Table 1 (ref. 4). 

The second method is unselective and consists 
samply in plating random samples of conidia from 
different colonies of the original diploid on to com- 
plete medium. The density (conidia per plate) 
greatly influences the frequency of segregants 
recovered by this method. In a first set of platmgs 
with about 50 comdia per plate, segregant types 
were obtamed with a frequency of 1/150, while in a 
second set with much lower density as many as 1/40 
were observed. Different strains also may vary in 
the frequency of segregants produced. All colonies 
showing abnormal phenotype were classified as 
segregante and analysed by secondary platings. As 
all of them showed sectoring with high frequency 
they are assumed to be aneuploids. 

The phenotypes of the different aneuploids vary 
and seem to fall into several types: (a) compact 
colonies ; (b) colonies with poor conidiation and dark 
background colour ; (c) very slow-growing, sometimes 
spidery thin colonies, which often are completely 
overgrown by segregating sectors. Among the last 
type about half of the aneuploids were found to be 
hyper-haploid often with at least n +3 or n +4 
chromosomes. These hyper-haploids, which represent 
10-20 per cent of the total number of aneuploids, 
produce only haploid sectors. 

All other aneuploids produced diploid sectors, which 
in a high proportion were of parental genotype. It 
seems likely, therefore, that these aneuploids are of a 
hyper-diploid type. Besides parental diploid sectors, 
segregant diploid sectors were found in all cases, 
which were always of a ‘non-disjunctional’ type. 
The minimum number of extra chromosomes in 
these hyper-diploids could be deduced from the 
number of different ‘non-disjunctional’ types found 
among the diploid sectors. Most hyper-diploids seemed 
to be of the type 2n + 1 and 2n + 2. Some of these 
hyper-diploids also produce large haploid sectors, with 
much higher frequency than the parental diploid. 
Each one shows a distinctive pattern of segregation. 

These results suggest that frequently in mitosis of 
diploid A. nidulans chromosomes are irregularly 
distributed, producing two nuclei of the types 2n + x 
and 2n — 2. So far the analysis of hyper-diploids 
(2 + 2) suggests that x is usually small (1 or 2). 
This would explain why segregants ‘non-disjunctional’ 
for more than one chromosome have only very rarely 
been observed. As the 2n — 1 or 2n — 2 types which, 
according to this hypothesis, are produced have not 
been recovered with certainty, it has to be postulated 
that these types are often too unbalanced and short- 
lived to produce conidia, but that they produce by 
successive accidental loss of individual chromosomes 
more stable nuclei of smaller chromosome number. 
Haploids and ‘non-disjunctionals’ would then all 
arise as stable end-products of a secondary process 
of segregation in aneuploids. 

If, on the other hand, aneuploids are produced by a 
chance distribution of chromosomes, x would have 
all possible values from 1 to 16 (accepting 8 as the 
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haploid chromosome number*). As the types 2n + 3 
up to 4n have not been isolated, it would have to be 
assumed that they are either not present in conidia 
or produce colonies imdistmguishable from the 
parental diploid. As a rare event this process would 
then produce a triploid and a haploid nucleus as 
originally postulated by Pontecorvo!. 

A further possble mechanism for production of 
haploids is genome segregation’. The observation of 
two cases of ‘twin spots’ makes it necessary to con- 
sider this process as an additional possibility. In 
both cases haploids of two types, complementary for 
all 16 distinguishable markers, were recovered from 
a single head. But in one case the number of colonies 
obtained was very small; in the other, aneuploid 
types were present in addition to the complementary 
haploid types. Obviously further information is 
needed to decide whether genome segregation occurs. 

Two new diploids have now been developed with 
markers on practically all chromosomes of the eight 
pairs, mostly in repulsion in one diploid, mostly 
in coupling in the other. It is hoped that they will 
provide conclusive evidence as to whether one or 
several types of mitotic segregations are producing 
haploids in diploid fungus strains. 

Some observations on effects of high doses of X-rays 
on mitotic segregation ın another heterozygous 
diploid have been obtained recently’. It was found 
that at a dose of about 50,000 r. none of the survwirg 
conidia is of the parental type. The few strains with 
normal growth-rate and phenotype carry recessive 
lethals and reciprocal translocations which change 
the pattern of mitotic segregation, but do not increase 
its frequency. But the majority of survivors grow 
very slowly and show a high frequency of segregant 
sectors, often of a haploid type only. Some unstable, 
fairly well-growing strains, giving diploid sectors 
comparable to those found in spontaneous hyper- 
diploid strains, have also been obtained. In all 
cases the segregation seems to involve whole chromo- 
somes and appears to be the same mechanism as that 
observed in spontaneous mitotic segregation. But 
much more detailed analysis using diploids containing 
many more chromosomes marked on both arms is 
needed for a conclusive comparison of spontaneous 
and induced mitotic segregation. 

The segregation found in Aspergillus nidulans is 
parallel in most details to that observed in Penicillium 
chrysogenum, where unstable segregants are obtained 
after treatment with X-rays® or nitrogen mustard’. 
Aneuploidy has been rejected as an explanation 
of the results m Penicillium, because only aneuploids 
of a hyper-haploid type were considered, but it seems 
that these new results can provide a good explanation 
of most observed features of the induced ‘high- 
frequency-segregation’ described in Pentcdlum. Un- 
fortunately the number of markers used in the 
Penicillium diploids is too small, and the mutagenic 
treatment too drastic, to permit detailed comparison 
and really safe conclusions. 

This work is supported by a grant from the 
National Research Council of Canada. 
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ASTRONOMY 


Dirac’ s Cosmology and the Origin of the 
Solar System 


Ix one of his earlier papers, Dirac! concluded that 
the gravity coefficient, far from being constant, varies 
inversely with a “universe time parameter’. This 
result was not accepted by the physicists and it was 
common opinion that a field theory featuring a non- 
constant gravity cogfficient falls outside the limits 
of the general theory of relativity. However, Dirac’s 
idea was revived recently. Starting from reasonable 
assumptions, C. Gilbert? showed, in 19586, that Durac’s 
hypothesis ıs a corollary of the general theory of 
relativity. He further computed the age of the 
universe from the present value of the gravity 
constant and found it to be 4-1 x 10° years, in 
remarkable coincidence with the age of the Earth of 
42 210% years, as determmed by radioactive 
methods. 

I wish to put forward an apparently acceptable 
hypothesis of the origin of the solar system, based 
‘on the results of Dirac and Guibert. 

Let us consider the state when t, the universe time 
parameter, was quite small, and let us assume that 
the mass of the solar system was at that time con- 
centrated in the Sun. Because of the relation f = æft, 
gravity acceleration in the Sun must have been very 
great, resulting in large-scale pressure-dependent 
degeneration of matter. Therefore, the radius of the 
Sun must have been very small and its angular 
velocity must have been several times as great as 
at present. 

The centrifugal force and gravitational acceleration 
on the solar equator have, however, steadily de- 
creased. In the case of gravity acceleration, this 
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was due partly to the decrease of f = æ~jt and partly 
to the resulting increase of the solar radius. The 


b 


increase of radius is considered to have been. at first . 


a linear function of universe time, so that: 


aM 
t (ra + at)? i 


M being the mass of the Sun, and g, the gravita- 
tional acceleration on the solar surface. 

However, the impulse momentum of a, rotating 
Sun is given by: 


f: = 


olmar? = à = constant 
giving for the solar equator a centrifugal force : 
4 rh? A 
rw IO mÁ E T TT 
(Emr?) (ro + at)? 


Comparing the gravity acceleration with the centri- 


fugal force, it is apparent that the two terms will 





i i ; 1 
vary, when disregarding the coefficient mm- 7 
a Fo F a 
according to the functions and À respect- 


To + ab 

ively. The graphs of the two Pease are shown 
in Fig. 1. In case A — «a B > 0, there will be an 
instant t, when the centrifugal force becomes equal 
to the attraction of gravity on the solar equator, so 
that part of the solar mass can escape into the 
universe. ‘The molecular forces could inhibit escape 
temporarily. Escape took place when the weightless 
mass formed a planet ın consequence of its own 
gravitational attraction. 

This escape of mass will result in a decrease of 
the solar radius and a consequent decrease of centri- 
fugal force on the surface of the remnant Sun. On 
the other hand, the gravitational 
acceleration will be greater because 
of the smaller radius. Therefore the 
play of forces will be repeated. Fig. 
l shows that after a number of 
repetitions—et steadily growing 
time intervals—the centrifugal 
force will no longer be capable 
of equalling the force of gravity. 
(In tracing the diagram the sim- 
plifying assumption was made that 
the discontmuous increase and 
decrease of the two quantities 
involved takes place in steps of 
equal size.) 

The escaped masses will, because 
of the decrease of f, rotate on 
steadily widening orbits, since fR 
must be @ constant, R being the 
orbital radius in question. 

Therefore, the following equation 
is valid : 
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where R, is the actual orbital radius, r, the orbital 
radius at the moment of formation, that is, at the 
time ty. 

The graph indicates that the value & is—at least 
within a certain time interval—roughly twice the 
preceding value, so that: 

a 


To 
ig ae a 


in agreement with the ‘law’ of Titius and Bode. 

The masses escaping from the Sun will invariably 
be those of highest specific impulse momentum. Thus 
it can be understood why the bulk of the impulse 
momentum of the solar system is borne by the planets. 

Gravity differentiation in the Sun must have been 
most intense at the time when gravitational accelera- 
tion, was greatest. Therefore, the older, that is, the 
outer, planets are of smaller bulk density. 

The above mechanism can be extended to the 
satellites of the larger planeta, too. The coincidence 
of the orbital planes is a matter-of-fact corollary and 
the formation of rings or asteroids is also possible. 

This theory is obviously far from being complete. 
I wish merely to show that the results obtained by 
Dirac and by Gilbert may in themselves be the 
nucleus of a theory of the origin of the solar system. 

L. EGYED 
Geophysical Institute, 
Eötvös University, Budapest. 


ł Dirac, P, A. M., Proc, Roy. Soc., A, 165, 198 (1988). 
* Gilbert, C., Mon. Not. Roy. Astro. Soc., 116, 484 (1956). 


The Extragalactic Distance Scale 


THe establishment of the scale of distances in the 
extragalactic universe rests primarily on the determ- 
inations of the distances of the nearest galaxies. 
These distances‘have been obtained primarily from a 
comparison of apparent magnitudes of variable stars 
or of Population IT giants with the known absolute 
magnitudes of such objects measured in our Galaxy. 

Arp? has obtained colour-magnitude di 
for four clusters in the Small Magellanic Cloud and 
has found that these diagrams are different from 
colour-magnitude diagrams of similar objects in the 
Galaxy. Using a faint sequence of megnitudes lent 
to me by Arp, I have obtained colour-magnitude 
diagrams for six clusters of the Large Magellanic 
Cloud and have found that the diagrams differ not 
only from those found in the Galaxy but also from 
those found by Arp in the Small Magellanic Cloud. 
Three of those studied by me are globular clusters : 
NGC 1846, NGC 1978, and Anonymous 4. Their giant 
branches have slopes much more gentle than any 
observed in globular clusters of our Galaxy. Even 
the giant branch of NGO 6356, which Sandage and 
Wallerstein? find to have an unusually gentle slope, 
is steeper than those in the clustera of the Large 
Cloud. 

NGC 1831 and NGO 1818, two of the three other 
clusters, are similar in appearance to globular clusters, 
but are much younger, with colour-magnitude 
diagrams somewhat similar to those of M 11°? and h 
and y Persei‘, respectively. They differ from open 
clusters of our Galaxy not only in their much larger 
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numbers of stars but also in the unexpected location 
of the giants in their colour-magnitude diagrams. 
The sixth cluster, NGO 1844, a small open cluster, 
shares this latter peculiarity. NGC 1844 has a main 
sequence similar to that of NGC 47555, but its giant 
stars are bluer and brighter. 

Because the distances to the nearby galaxies are 
determined from the apparent magnitudes of the 
giant evolved stars such as the Cepheids, the RR 
Lyrae variables, and the brightest stars of Population 
I, the evidence presented by the Magellanic Clouds 
indicates that these distances are not necessarily 
correct. The characteristics of the giant stars, and 
their evolutionary paths, appear to differ in different 
galaxies and we may not safely use their apparent 
magnitudes a8 an index of distance until we thoroughly 
understand these differences. 

Pau W. HODGE 

Harvard College Observatory. 

April 6. 
‘Arp, H. C., Astronom. J., 68, 273, 487 (1959); 84, 175, 254 (1959). 
* Sandage, A. B., and Wallerstein, G., Astrophys. J. (in the press). 
* Johnson, H. L., and Hiltner, W. A., Astrophys. J., 123, 267 (1956). 
‘Johnson, H. L., Sandage, A. R., and Wahlquist, H. D., Astrophys. 
J., 124, 81 (1956). 
* Arp, H. O., and van Sant, O. T., Astronom. J., 83, $41 (1058). 


RADIOPHYSICS °° 


Faraday Effect in the Transmissions 
from Fast Spinning Satellites 


Tue interaction of the satellite spin and the 
Faraday rotation. effect in the ionosphere in producing 
polarization fading in linearly polarized signals from 
Earth satellites has been discussed for the case when 
the satellite rotation period is of the same order as the 
Faraday fading period!" In this cage, determination 
of the rate of Faraday fadıng is difficult unless 
ear ee fading records on two frequencies can 
be taken. 


Ne 


b a 





ia 

8 

Fig. 1. Four positions of a dipole with ite rotation axis and axis 

of symme not comedent, The corresponding signal strength 

varuitions for polarizations in the z and y directions are shown 
@ 


at fand e when the line of t is outside the generated cone, 
and at g and ¢ when it is inside 
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The effect of the interaction of satellite spin and 
Faraday rotation is different for transmissions from 
a satellite with a rotation period small compared to 
the Faraday fading period. Consider such a satellite 
‘rotating &bout an axis fixed in space with a trens- 
muitting dipole which 1s not comedent with the 
rotation axis. As the satellite rotates, the dipole 
generates a cone, as shown in Fig. 1. Consider the 
case when the line of propagation is outside this 
cone. In the absence of Faraday rotation, a re- 


Fig. 2. Variations in the pireng in of signals from the satellite 1 
simultaneously on two orthogonally polarized aerials 


ceiving aerial with its line of polarization in the 
-direction would receive maximum signal strength 
when. the gatellite dipole is in the position shown. at b 
and pinimum signal strength in the position shown 
at d. <A similar aerial polarized in the y-direction 
would receive maximum signal strength with the 
satellite dipole in positions shown at a and c and 
minimum in positions shown at b and d. These 
expected signal strength variations over one rotation. 
period are shown in Fig. 1 at e and f. If the line of 
propagation. ı8 inside the generated cone, the varia- 
tion in the y direction of polarization is somewhat 
different (Fig. lg). 

The effect of 90° of Faraday rotation in the iono- 
sphere would be to interchange the types of variation 
in the z and y directions of polarization. Changes 
of a quarter-turn in the amount of Faraday rotation 
during a satellite passage will thus result in the signal 
strength variations received on a linearly polarized 
aerial alternating between types e and f or e and g 
of Fig. 1. 

Records of the 108 Mc./s. signals of 195882 
(Vanguard 1) taken on orthogonally polarized aerial 
arrays show this type of fading (Fig. 2). The rotation 
period is about 6 sec. and the Faraday fading period 
is normally greater than 30 sec. The points on the 
record corresponding to the variation in Fig. le 
are well defined and their times can usually be 
determined to within + 3 sec. 

Such records taken at the Jodrell Bank Experi- 
mental Station over the past nine months are at 
present being analysed to determine ionospheric 
electron contents from the observed rates of Faraday 
fading. 

This work is supported by a grant from the Royal 
Society. One of us (R.S. R.) holds an Athlone 
Fellowship. 

R. 8. ROGEB 
J. H. THOMSON 


Jodrell Bank Experimental Station 
(University of Manchester), 
Lower Withington, 
Macclesfield. April 8. 
| Thomson, J. H., Phil. Mag., 3, 012 (1958). 


* Aitchison, G., Thomson, J. H., and Weekes, K., J. Atmos. Terr. Phys., 
14, 236 (1950). 


NATURE 


(Vanguard I) received 
eb. 4, 1960) 


623 


Electron Density Measurements in the 
Upper lonosphere using the Faraday 
Rotation of Radio Signals from Artificial 

Satellites 


SEVERAL workers have used the Faraday rotation 
of radio signals from artificial satellites as a means 
of investigating the upper ionosphere, and in most 
cases it has been assumed that the ionosphere is 
spherically stratified. 

Observations made at Cam- 
bridge on 19572 and 195882 
I. have shown that the variation of 
the ionosphere with latitude and 
longrtude must be taken into 
account for satellite passes near 
or below the peak of the F2 
layer, if results consistent with 
vertical incidence soundings are 
to be obtained. Jt was found 
that a sufficiently accurate 
estimate of this variation could 
be obtained from hourly iono- 
grams taken at Slough and Inver- 
neas. 

The effect of the horizontal variation of the iono- 

sphere in & particular case is shown in Fig. 1. On this 
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Fig. 1. 20 Mc./s. Faraday rotation, 19057a2/ Sputnik I, 20/10/57 


Time GALT. 03 29 03.31 03.32 
Zenith angle 46 48 57 
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occasion the satellite was slightly above the F2 
layer peak at closest approach, so that the profile 
assumed for the layer above the peak has little effect 
on the calculated rotation curve. 

The points (a) were calculated assuming spherical 
stratification of the ionosphere, usmg the electron 
density profile deduced from the Slough ionograms 
up to the peak, and a semi-parabolic distribution 
above it. The points (b) were calculated from the 
same electron density profile taking account of the 
horizontal variation estimated from the Slough and 
Inverness ionograms. The improved agreement with 
the observed rotation curve in case (6) is quite 
marked. 

Several records of satellite passes well above the 
F2 peak have been analysed, making due allowance 
for the horizontal variations in the ionosphere as 
deduced from ionograms, and it has been found that 
self-consistent results can be obtained from a very 
simple model of the upper ionosphere. These results 
are as follow. 

Above the F2 layer peak the electron density falls 
off with a scale-height of approximately 230 km., 
which is of the same order as that found by Bowles’, 
and the average ratio of the total electron content 
above the peak to that below 1s 3-4 to 1, which agrees 
well with measurements made by the Moon-echo 
technique, and measurements using the radio rise 
and set of artificial satellites by AP pert et al." 

Observations made during an ionosphere storm 
showed a considerable decrease in the total electron 
content up to the satellite, with little apparent 
change in the ratio of the contents above and below 


the peak. 


Cavendish Laboratory, 
Cambridge. 


1 Bowles, K. L., U.S. National Bureau of Standards, Rep. 6070 (1059). 


VAKpery, Ya. L., Chudesenko, B. F., and Shapho, B, 8., Uspekhi 
iz. Nauk., 66, 161 (1958). 
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PHYSICS 


Growth of Surface Instabilities in a 
Linear Pinched Discharge 


RECENT experiments at the Imperial College of 
Science and Technology, London, have been con- 
cerned with the growth of instabilities m a linear 
pinched discharge in argon. These discharges were 
produced in a tube 15 cm. in diameter and 50 cm. 
long at pressures of 0-1-1 mm. mercury and with 
currents of 40-150 k.amp. The experiments have 
revealed the presence of surface instabilities of the 
type shown in Fig. 1, which is typical of many single- 
shot photographs of the discharge taken through the 
side of the tube with a Kerr cell camera. The 
irregularities on the plasma surface first appear when 
the column is expanding from the first axial bounce, 
and grow while the plasme is being accelerated 
towards the axis of the discharge tube between the 
first and second ‘bounces’. In Fig. 2 the diameter 
of the column, together with the amplitude of the 
instability, and its mean wave-length, are shown as 
functions of time for & particular set of initial 
conditions. In this diagram the diameter of the 
column has been found by taking the mean of fifty 
measurements of the local diameter at different 
points along the tube axis. A numerical estimate 
of the amount of instability was obtained from the 
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e Diameter of discharge tube — 


Bog. 1. C, ae il Pe, 5 OKV.; L, 300 mæl; p, 380a. Photo- 
graph taken with exposure of 0 4 usec., 18 sec. after frst pinch 


standard deviation of these measurements abqut 
their mean. z 

It is suggested that these instabilities are associated 
with the acceleration of the plasma bound and 
are analogous to the Rayleigh-Taylor instabilities!,? 
found when a heavy incompressible fluid is supported 
against gravity by a lighter one. In the plasma case 
the magnetic field behaves as the lighter fluid, and the 
instability grows, as expected, when the plasma is 
being accelerated by the field. 

For plane surfaces the growth should be exponential 
of the form exp(at), where the growth-rate w is given 





0 
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Time (sec.) 
Fig. 2. C, 3,900 uP; Fa 2'5 KV.; L, 100 muH.; p, 200g 
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by œ? = gk, g being the acceleration and k the wave 
number (27/) of the disturbance. 

Under various initial conditions the measured 
accelerations and observed wave-lengths allow the 
growth-rates to be calewated. The values obtained 
experimentally from the standard deviation curves 
are about a factor of two smaller than those expected 
from the above expression. The finite compressibility 
of the plasma and the cylindrical geometry of the 
discharge system have not been taken into account 
and may well influence the numerical comparison. 

When dissipative processes such as viscosity?* and 
registivity*, or effects of finite amplitudes’, are in- 
cluded in the analysis a dominant wave-length should 
occur. Our experiments suggest that the plasma 
viscosity is too small to explam the observed wave- 
lengths. 

In the interpretation of the present experiments ıt 
has not been found necessary to allow for the growth- 
rate of m = 0 instabilities arising on a steady-state 
configuration®"1. Jt ıs suggested that this results 
from the fact that a likely perturbation will not be 
axisymmetric in the early steges of growth. In this 
case the plasma will be either stable or m neutral 
equilibrium as the increase in By normally associated 
with a local decrease in r (and vice versa) will not occur. 

The shape of the boundary as shown in Fig. 1 is 
very similar to that observed experimentally’? for 
the Rayleigh-Taylor instabilities in fluids, having a 
rounded convex surface towards the plasma and 
cusps projecting into the magnetic field. 

A detailed account of this work will be published 
elsewhere. 

R. LATHAM 
J. A. NATION 
F. L. CURZON 
A. FOLKIERSKI 
Department of Physics, 
Imperial College of Science and Technology, 
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Use of an Auxiliary Grid to stabilize the 
Gain of a Photomultiplier 


Wma have recently examined the possibility of 
reducing the sensitivity of a photomultiplier to 
changes in supply voltage by means of feedback 
to an auxiliary grid. 

An eleven-stage tube (Electrical and Musical 
Industries type 6097) was provided with a grid 
between cathode and first dynode through the 
co-operation of the manufacturers. The dynodes were 
connected to one another and to the cathode by the 
usual resistor chain. Instead of grounding the 
cathode directly, however, it was connected to Earth 
through a feedback resistor, normally of the order 
of some thousands of ohms. An appropriate d.c. bias 
of the order of a few volts was applied to the grid. 
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Anode current (uamp.) 
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900 1,000 1,100 
Extra high-tension voltage 
Fig. 1. Direct-current operation 


1,200 


A definite fraction of any variation in the extra 
high-tension supply voltage is thus fed back to the 
cathode and hence effectively to the grid, with the 
result that the anode current can be mamtained’ 
substantially constant, 

Fig. 1 shows how, under conditions of constant 
cathode illumination, the anode current of the photo- 
multiplier varies with extra high-tension voltage, 
A when the tube is used conventionally with the 
grid strapped to the cathode, and B with feedback 
present. It can be seen that quite an appreciable 
plateau exists. The voltage at which the plateau 
appears can be shown, both theoretically and experi- 
mentally, to be inversely proportional to the value 
of the feedback resistor. The d.c. bias which must be 
applied to the grid is found to be effectively constant 
over a wide range of extra high-tension voltages. 

To test the performance of the tube for pulse work 
it was used as a gamma-ray spectrometer m con- 
junction with a sodium iodide crystal, low-gain 
amplifier and single-channel analyser. Curves C and 
D of Fig. 2 show how the position of the caxsium-137 
photopeak shifts when the extra high-tension volt- 
age is changed from 890 to 980 volts with the 
tube used conventionally. Curves E and F were 
obtained with feedback present and show how the 
position of the photopeak remains practically un- 
altered as the extra high-tension voltage is changed 
from 1,040. to 1,140 volts. 

One would expect that the resolution of the peak 
would worsen with the introduction of feedback, 
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since this is equivalent to a reduction of the cathode 
sensitivity. The value for the cathode sensitivity 
for the tube used was 26 pamp./lumen, and for this 
value one would e t under ideal conditions a 
resolution of about 10 per cent. Due to the fact that 
neither the tube, crystal nor associated electronics 
were specially selected for spectrometry, the actual 
resolution was found to be 17 per cent, when the 
tube was used conventionally. With feedback the 
resolution worsened to 20 per cent at one end of the 
plateau and 24 per cent at the other for the curves 
of Fig. 2. While this is obviously unsatisfactory, it 
must be remembered that at the cathode sensitivity 
of 26 wamp./lumen of the present tube, the resolution 
worsens very rapidly with decreased cathode sensit- 
ivity':. With a tube of, say, 100 pamp./lumen 
sensitivity the resolution varies only slowly with 
cathode sensitivity, and the introduction of feedback 
should make little or no difference to it. 

In conclusion, ıt should be remarked that the 
stability of the feedback resistor chain and to a 
lesser extent of the bias battery must be of a high 
order. This, however, is a small price to pay if a 
relatively simple power supply may be used in place 
of the ultra-stable supplies at present required for 
precision work. 

It is hoped to publish a fuller account of this work 
in the near future. 

C. F. Q. DELANEY 
' A. J. WALTON 
Physical Laboratory, 
Trimty College, 
Dublin. 


1 Sharpe, J., and Thomson, E. E, Proc. Second United Nations Int. 
Oonf, on the Poaceful Uses of Atomie Energy, 14, 311 (1958). 


Coherence and Band-width of a Gas 
Discharge Harmonic Generator 


RECENT work has shown that a microwave gas 
discharge is an efficient harmonic generatori». These 
results are of interest since they show promise of 
producing a reasonable quantity of power in the 
l-mm. wave-length region. This would be extremely 
useful for spectroscopy, especially 1f the radiation were 
narrow-band and coherent. Two experiments have 
been performed to see whether this is so. 

Fig. 1 is a diagram of the first experiment, designed 
to measure coherence. The two harmonic generators 
were simple neon-filled discharge tubes in wave-guide 
mounts as previously described’. The gas discharge 
was maintained in both tubes by power from a 2 kW. 
3-cm. klystron amplifier, arranged to give pulses of 
3-m.sec. duration. By suitable tuning of the dis- 
charge tube mounts the fourth harmonic (in the 
8-mm. band) was selected. It was passed through 
~- low-Q wave-meters to remove other harmonics present. 
The two 8-mm. band signals were combined in the 
magic-T and fed to a single crystal detector. By 
adjusting the 8-mm. wave-guide attenuator and 
phase shifter a minimum in the output signal could 
be maintained. This was less than 0:25 mV. across 
the crystal detector. The corresponding maximum 
when the two signals were added in phase (by 
adjusting the phase shifter to give a maximum with 
the attenuators unaltered) was 50mV. Hence the 
coherent signal/noise ratio was at least 100/1. 

This cancellation experiment also indicated that 
the signal was narrow-band since the length of 8-nm. 
guide before the magic-7’ made the system dis- 
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pig. 1. Block diagram of the experimental apparatus. K, 2-kW. 
xX. dines 


and klystron; O, 3 db. tional coupler; F, X-band 
ferrite wolntor; H, harmonic Fonero: L, X-band water load ; 

IF, low Q wave-meter (Q-band); T, magic-T; P, phase shifter 
persive. The second experiment confirmed this. The 
output from one of the harmonic generators was fed 
into an 8-nium. superhet receiver. The local oscillator 
frequency was swept so that the input spectrum 
could be displayed on a cathode-ray oscillograph. 
This gave a pulse 1 Mc./s. wide which corresponded 
closely to the measured intermediate frequency band- 
width of the receiver. Hence the band-width of the 
signal was leas than 1 Mc./s. 

These experiments show that the harmonic 
generator output is coherent and narrow-bands Tt is 
a true line source comparable to a reflex klystron. 

We wish to acknowledge the advice and encourage- 
ment of Mr. I. M. Ross and Dr. H. Motz during the 
course of this work. In so far as two of us (N. R. B. 
and D. W.) are concerned, this work was sponsored 
in part by U.S. Air Force contract No. AF 61 (514)- 
1183 and for the participation of the third (J. C. V.) 
this work 1s published by permission of the Admiralty. 

N. R. Bosreum 


D. WALSH 
Engineering Laboratory, 
University of Oxford. 
' J. C. VOKES 
Services Electronics Research Laboratory, 


Harlow, Essex. 


1 Uenohara, M., et al, Proc. Inst. Rad. Eng., 45, 1419 (1957). 

1 Baird, J. B., and Coleman, P. D., Symposium on Afillimetre Waves, 
Brooklyn Polytechnic (Aprl 1959). 

* Blarrum, N, R., and Wakh, D., J. Electronics and Control (to be 
published). 


Transistor Modulators for Low-level 
Direct Current Signals 


We have considered in some detail the problem of 
using germanium and silicon transistors as choppers in 
thermocouple-amplifier and other low- and medium- 
unpedance applications. In the past, several circuits 
have been described using asymmetrical transistors 
with switching drives which are symmetrical or 
asymmetrical with respect to the emitter and 
collector of the transistor. Many of these circuits 
require careful adjustment and/or selection of tran- 
sistors to reduce the equivalent input drift with 
temperature to an acceptable level. 

A. circuit has been developed in our laboratories, 
in which a symmetrical transistor is used with a 
syrometrical drive, giving drift-rates of not greater 
than l-5yuV./°C. over a temperature-range of 
— 40° C. to + 100° C. with no adjustment or selection 
whatsoever. 
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This has been made possible by the development 
by Semiconductors, Ltd., of a symmetrical silicon alloy 
transistor to our specification. This is at present 
an experimental type, but is available in limited 
quantities. 

It is hoped that ıt will be possible to publish a full 
account of this work in due course. 

J. F. Evans 

Smiths Aircraft Instruments, Ltd., 

Cheltenham. 


ENGINEERING 


A Systematic Method for the Construction 
of Error-correcting Group Codes 


SLEPIAN? has pointed out that all systematic binary 
codes of length n form a sub-group of the group of all 
binary words of length n. The problem of choosing a 
systematic code for correcting a given set of errors is 
thus equivalent to finding a sub-group such that each 
error to be corrected for hes in separate cosets. Fire? 
has pointed out that the sum modulo 2 of two parity 
check sequences corresponding to two error patterns 
is the same as the parity check sequence corresponding 
to the sum modulo 2 of the same two error patterns. 
Also, each parity check sequence is uniquely. associ- 
ated with one coset. This sets up an isomorphism 
beteen the group of parity check sequences and the 
quotient group of the code group in the group of all 
words. 

This consideration has led to a systematic method 
of generating group codes for correcting an arbitrary 
set of errors. The method has been applied to the 
generation of maximal two-error correcting codes of 
length 5-11, which coincides with the groups indicated 
by Slepian. The method is as follows: (1) Choose a 
set A of linearly independent error patterns which 
span the set of all ‘allowable’ error patterns, that is, 
error patterns to be corrected. (2) Choose two 
arbitrary parity check sequences to represent the 
first two of this set A of error patterns. Let us call 
this set of sequences B. (3) By modulo-two addition 
of members of B, generate the set of parity check 
sequences of all error patterns spanned by B. (4) Write 
down all parity check sequences so generated as well 
as the modulo-2 sums of those pairs of parity check 
sequences at least one of which forms an allowable 
error pattern by addition-modulo two with the next 
member of A. (5) Choose a parity check sequence 
outside the set generated in step (4) to represent the 
next error pattern in A and append this to the set B. 
(6) Repeat steps (3), (4) and (5) until all possible error 
patterns have been spanned. 

In the case of the two-error correcting code men- 
tioned earlier, the set 4 may be conveniently chosen 
as the set of all single errors, and the initial two 
parity check sequences can be conveniently chosen 
as the binary 1 and 2, that is, 000... 01 and 
000... 10. 

In this case step (4) simply reads: (4), Write down 
all parity check sequences of double errors generated 
by the single errors in B as well as the sum modulo 2 
of pairs of these parity check sequences at least one 
of which is a smgle error ity check sequence. 
It may be interesting to record that the time taken to 
generate all two-error correcting codes of 5-11 bits 
long was 4 hr. by hand. 

I am at present setting up a computer programme 
to generate the parity check sequences for longer 
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blocks of binary digits. After getting the parity 
check sequences, it is a simple matter to generate the 
group codes and parity check rules. 

I expect to publish the results of the computer 
data, with a more detailed description of the method 
and its theoretical basis elaewhere. 

R. B. BANERJI 

University of New Brunswick, 

Fredericton, 
New Brunswick, 
Canada. 
1 Slepian, D., Bell Syst. Teck. J., ae 208 (1956). 


1 Fhe, P., Technical Report No. Stanford Electronics Labora- 
tories, Stanford University Capt 94, 1959). 


MINERALOGY 


Predehydroxylation State of Kaolinite 


TEE logs of water of constitution from kaolinite with. 
increasing temperature under atmospheric pressure 
is illustrated in Fig. 1. This loss is very low, up to 
about 450° C., where it increases very rapidly. The 
infra-red of an unheated sample shows a 
hydroxyl vibration band about equally divided into 
three transmission minima the frequencies of which 
are located respectively at 3,700 cm.—1, 3,663 em.-? 
and 3,627 om.-}. 


Per cent 





Fig. 1. Relative water content of kaolnite as a function of the 
temperature under atmospheric pressure 


The last one is slightly larger than the other two, 
the differences being, however, rather small: relative 
absorbances are 0:91:0-:92:1. When a clay film 16 
heated, the mfra-red spectrum undergoes several 
modifications : the resolution into three components 
disappears progressively with mcreasing temperature 
and, above 400° C., a band only may be observed at 
about 3,680 cem.-?. Beyond this point, relative 
intensities remain unchanged and, after cooling, the 
initial shape of the band is restored. Fig. 2 shows the 
hydroxy! bands observed during a heating and cooling 
cycle. The process is thus obviously reversible. 
Fig. 3 gives the changes in frequencies. 

One may conclude that, before dehydroxylation. 
starts, kaolmite is modified and brought into a new 
structural state characterized by the fact that the 
three intial mmima of the hydroxy! vibration band 
are ‘fused’ into a single transmission minimum. 

As soon as this structural state obtains, dehydroxyl- 
ation may start, but there is no longer a perfect 
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reversibility of the phenomenon. The absorbance 
decreases with the water content; the three com- 
ponents of the band reappear when the film is cooled 
but are shifted about 10-20 cm.-! toward higher 


- frequencies (Fig. 3). In order to represent the pro- 


gressive mixing of the three components, the height 
(h) of the barrier between the low- and medium- 
frequency components, particularly well separated, 
is given as & function of the temperature as follows: 
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Fig. 3. Frequency shifts of the three transmission minima d 
cooling cycles, ©, First cycle, 20-310° 0. ; 
Oy third cycle, 20-450° O. ; 
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Temperature A (in absorbance unita) 
20° 0, 0 205 
100° 0. 0175 
200° C. 0 005 
800° €. G 040 
400° C 0-02 


These values are taken from Fig. 2. 
Stubicdn' has recently studied by infra-red spectro- 


scopy the changes produced in kaolinite by dehydroxyl- ° 


ation and has compared the spectra of kaolinite and 
metakaolinite. He has worked at temperatures 
which passed the ‘predehydroxylation state’ here 
described. 
J. J. Frremut 
FE., Toussaint 


I.N.E.A.C., Laboratoire des colloides des sols 
Tropicaux, 
Agronomic Institute of the University of Louvain, 
Héverlé, Louvain. 
Stublicain, V., Min. Mag., 32, 38 (1959). 


CHEMISTRY 


Microquantitative Infra-Red Analysis: 
Application to Gas Chromatographic 
Fractions 


THE need to study infra-red absorption spectra of 
small quantities of sample has led to the development 
of new micro-sampling devices and techniques. 
These have been particularly useful in the qualitative 
identification of gas chromatographic fractions. Their 
use has now been extended to quantitative analysis 
of unresolved chromatographic fractions. 

Experimental work was done using Beckman 
Ik-4 and IR-5 spectrophotometera with beam 
condensers! and a GC—2 gas chromatograph. Liquid 
samples were run in a sealed cell (0-1 mm. thick, 
2 ul. vol.) or a very thin demountable cell with 
grooved windows? (0-002 mm. thick, 0 03 ul. vol.), 
gaseous samples in a miniature folded-path gas cell’ 
(60-cm. path, 20-ml. vol.), and solid samples in 
potassium bromide pellets pressed in aluminium foil}, 
in solution, or as melted liquids. The effluent from 
the chromatograph is condensed on the cooled walls of , 
a tube, concentrated at the bottom of the tube by 
centrifugation, and transferred to the hquid cells by 
using @ fine capillary tube. Vapours are sampled 
from the space above the liquid 
or by passing the effluent directly 
through the gas cell. 

Certain peculiarities of micro- 
quantitative techniques have led 
to measuring procedures which 
might not be the most desirable 
in the case of macro-samples. In 
the transmittance-ratio method 
for two-component mixtures, the 
transmittance is measured at two 
appropriate wave-lengths, and the 
logarithm of the ratio is plotted 
against the concentration of one 
of the components, usually pro- 
viding a straight line of greater 
slope than single wave-length 
measurements. In the absorb- 
ance-ratio method, the ratio of 
the absorbances at two wave- 
lengths is plotted against the 
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ratio of the concentrations, yielding a straight 
line provided there is no band overlap. Because 
the absorbance-ratio method deals with concentra- 
tion ratios, 1+ does not require close control of 
cell thickness, solvent concentration, or vapour 
pressure. 

A number of two-component mixtures have been 
studied using these experimental techniques. 

m- and p-Xylene: Spectra of blends of m- and 
p-xylene were recorded in the 12-l4p region using 
the 0:002 mm. cell. Analysis for the meta and para 
isomers was based on bands at 13-0 and 12-59u 
respectively, using the transmittance-ratio method. 
A linear calibration plot was obtamed. A study of 
the precision of the method, based on repeated cell 
filings with the 1:1 mixture, revealed an overall 
uncertainty in concentration of + 0-5 per cent and a 
standard deviation of + 0 15 per cent. A practical 
example of the use of this analysis occurs in the gas 
chromatographic determination of a mixture of 
benzene, toluene, and o-, m-, and p-xylene. Although 
it is possible to separate m- and p-xylene chromato- 
graphically, it is not always convenient to establish 
the necessary conditions. In this case benzene, 
toluene, o-xylene, and combined m- and p-xylene are 
determined from the chromatogram, the meta and 
para isomers are collected and transferred to the 
miecro-cell, and the relative proportions are then 
determined spectrophotometrically. The concentra- 
tions are found to satisfactorily with the true 
concentrations of the blend (Table 1). 


Table 1. 


TYPICAL CoMBINHD GC-IR ANALYSIS 





To study the effectiveness of the absorbance-ratio 
method, solutions of the m-, p-xylene blends in 
cyclohexane were observed in the 0-1 mm. micro-cell. 
The plot of concentration ratio versus absorbance 
ratio yielded a straight line. No attempt was made to 
control] the extent of dilution in solvent beyond 
ensuring that the xylene peaks were measurable. The 
effect of variation m dilution was investigated by 
preparing solutions of the 1:1 meta-to-para-xylene 
blend in varying amounts of cyclohexane. In the 
spectra of these solutions the transmittance of the 
pora-xylene band varied from 19 to 79 per cent, 
corresponding to a sevenfold variation in dilution. 
The measured absorbance ratios were constant to 
within a small random error amounting to an uncer- 
tainty in concentration of -+ 0-5 per cent. 

Spectra of about 4 umoles of each of the m-, p-xylene 
blends were observed as vapour sampled from above 
the liquid phage. Because no quantitative control 
could be exerted over the combined xylenes trapped 
in this way, the absorbance-ratio method was used. 
The resulting curve showed considerable deviation 
from a straight line because of the strong overlap by 
the rotational branches of the bands, but was never- 
theless a useful calibration curve. 

Occasionally, it is not practical to perform an 
analysis in the usual rock-salt region between 2 and 
15p. Because the beam condenser used in the present 
study has potassium bromide lenses, it can be used at 
wave-lengths as long as 25u. Meta- and para-xylene 
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have bands in this region ai 23-13 and 20 7u, respect- 
ively, which can be used for quantitative measure- 
ments. Spectral absorption curves were made using 
cesium bromide prisms, and satisfactory trans- 
mittance-ratio and absorbance-ratio plots were 
constructed. The uncertainty in the measurements 
was somewhat greater than in the measurements at 
13:0 and 12-59 because of increased amplifier gain. 
The noise can be reduced at the expense of longer 
scanning time. 

m- and p-Cresol : This system is another practical 
case which occurs because of the difficulty 
encountered im separating meta- and para-cresol by 
gas chromatography. A transmittance-ratio plot, 
based on the m- and p-cresol bands at 12-88 and 
12-23. respectively, gave a straight line with the 
same precision as in the case of the xylenes. 

2,6-Xylenol and o-Cresol: This mixture is 
interesting because 2,6-xylenol is solid at room 
temperature. Blends were studied in a heated micro- 
cell at a temperature of about 55°C. Measurements 
were made at the 8:04 and 8-34 bands of o-cresol 
and 2,6-xylenol respectively and plotted on a trans- 
mittance-ratio besis. De from linearity 
found at high concentrations of each component are 
very likely due to the influence of hydrogen bonding 
and could be avoided by use of dilute solutions in a 
non-polar solvent. 

Anthracene and Phenanthrene: Solid mixtures of 
phenanthrene and anthracene were studied by mixing 
about 100 ugm. of sample with 10 mgm. of potassium 
bromide and pressing @ 1 mm. x 5 mm. pellet. 
Measurements were made at 11-31 and 12-22 for 
anthracene and phenanthrene, respectively. Difficulty 
in handling these small samples without loss makes 
the transmittence-ratio method unsuitable. In the 
case of phenanthrene—anthracene, it is possible to 
construct a base-line between the wave-lengths of 
10-95 and 12-99. providing a satisfactory basis for 
absorbance measurements and a straight line cali- 
bration curve. 

These experiments demonstrate that satisfactory 
infra-red quantitative analysis can be performed on 
20-100 pgm. of sample in liquid, solution, sold, or 
gas phase. 

Portions of this work were discussed at the 
Rocky Mountain Spectroscopy Conference (August 12, 
1958), the American Chemical Society Southwest 
Regional Meeting (October 25, 1958), and the Pitts- 
burgh Conference on Analytical Chemistry and 
Applied Spectroscopy (March 6, 1959). 

J. E. STEWART 
R. O. BRACE 
T. JOENS 
Beckman Instruments, Ine., W. F. ULRIOH 
Fullerton, California. 
1 White, Weiner, Alpert and Ward, Anal. Chem., 30, 1694 (1958). 
1 Davison, W. H. T., J. Opt. Soe. Amer., 45, 227 (1955). 
* White, Alpert, Ward and Gallaway, Anal. Chem., $1, 1267 (1950). 
* Clark, D. A., and Boer, A. P., Spectrochim. Acta, 12, 276 (1056). 


Mechanism of the Oxidation and Reduction 
of Metal lons by Hydrogen Atoms 

REoENt demonstrations'* that metal hydrides 
such as CuH*t, AgH+t and AgH are formed as inter- 
mediates in the reduction of metal ions by molecular 
hydrogen in aqueous solution suggest thet similar 
species may be involved in the oxidation and re- 
duction of metal ions by hydrogen atoms, for example, 
im the well-known reactions : # 2 
5 
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Fat+ + H + Ht — Fee + H, (1) 
and 
Fe* + H — Fe + Ht (2) 
These and related reactions between hydrogen atoms 
and metal 1ons have now been observed m aqueous 
solutions m which hydrogen atoms were generated 
in a variety of ways** or mtroduced from the gas 
phase’.*; but ther mechanisms are still uncertain 
and the subject of considerable controversy. 
For the oxidation of Fe (reaction 1} we propose 
the folowing m : 


Ky 

Fo" + H = FeH* (3) 
Rus 

FeH** + H+ — Fe + H, (4) 
k 


A detailed kinetic analysis? shows this mechanism to 
be in quantitative accord with the observed’ depend- 
ence of the rate on the Fe?! and H+ concentrations 
and yields values of 6 x 104 I. mole-! gec.-! for k, and 
0:22 for k_,/ky at 4°. The mechanism is also con- 
sistent with the pH independence, over a wide range, 
of the relative rates of competing reactions of H 
with Fe* and other substrates, for example, oxygen?® 
or methanol". It is noteworthy that the oxidation 
of I- by hydrogen atoms, where analogous hydride 
formation is unlikely, proceeds by a different mech- 
anism, namely, electron transfer to H,*+ (ref. 12). 
While a similar mechanism hag been considered’, 
for the oxidation of Fe* its contribution apparently 
is unimportant because of the slowness of formation 
of H,* (kg +H+—H,+ = 10*1, mole! seo.-') (ref. 12) com- 
pared to reaction 3. The absence of an efficient 
acid-promoted isotope exchange reaction! is also in 
accord with this. The two other mechanisms which 
have been considered previously for the oxidation 
of Fe*, namely, the direct termolecular process 
(reaction 1) and hydrogen abstraction from the 
hydration shell of the ferrous ion',15, also cannot 
be reconciled readily with all the experimental facts®. 

The proposed oxidation step (4) is analogous to 
the back-reaction (—6) which is known! to occur in 
the reduction of Cu'+ by H,: 

Cue + H, < CuH+ + H+ (5) 

Cult + Cu —» 2Cut + H+ (6) 
and which leads to the prediction of a mechanism 
analogous to that described by (3) and (4) for the 
oxidation of Cut by hydrogen atoms. It seems likely 
that oxidation of other metal ions will also occur 
through this type of m ism. 

Reduction of metal 1ons by hydrogen atoms may 
proceed by electron transfer (probably through a 
bridging anion) or by ligand abstraction'*, for 
example, the reduction of FeCl*+ and FeOH? the 
rates of which are 103-10 higher than that of Fe*+ 

71017, The very fast reduction of Fe(CN),?- 
{k = 10%107 1. mole! sec.) also is almost certainly 
by electron transfer™s,’*, In other cases, however, 
hydride intermediates may be involved. This is 
particularly likely with metal ions such as Agt or 
Cu* the homogeneous reduction of which by electron 
transfer (that is, to silver or copper atoms) is un- 
favourable but which form stable hydride complexes. 
The observed? activation energy of 15 kcal. for the 


reaction : 

2Agt + H, — 2AgHt (T) 
implies considerable stability for AgH+ (with respect 
to dissociation into either Agt + H or Ag + H+)! 
and suggests both that the reaction : 
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Agt + H > AgH* (8) 
will be rapid and that it will occur in preference to 
electron transfer. It thus seems likely that (8) is the 
first step in the efficient reduction of Agt by hydrogen 
atoms followed by dissociation of AgH* into H+ and 
metallic silver; the latter step is lkely to be 
the slower one and probably involves heterogeneous 
catalysis. In the reduction of ions such as Fe™ and 
Cu** or their complexes there is less reason to believe 
that mitial hydride formation will ocour in preference 
to electron transfer. 


J. HALPERN” 
University Chemical Laboratory, 
Cambridge. 
G. CZAPSKI 
J. JORTNER 
GQ., STEIN 


Department of Physical Chemistry, 
Hebrew University, Jerusalem, 


* On leave from the Department of Chemistry, University of British 
Columbia, Vancouver, Canada. m ” 
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Infra-red A eal of Ammonia adsorbed 
on Silica~-Alumina Catalysts 


In an extension of kinetic studies of the catalytic 
decompositions of hydrocarbons, infra-red spectra of 
ammonia chemisorbed upon silica-alumina catalysts 
have been obtained. The techniques employed were 
simular to those described previously by Hischens 
et alt. A Perkins-Elmer model 1120 infra-red 
spectrometer utilizing calcium fluoride and lithium 
fluoride optics was modified by mounting the glowbar 
source in a position above the infra-red cell housing 
the catalyst deposit held in a horizontal manner. 

Thin films of silica-alumina (87 per cent silicon 
dioxide) were prepared by sedimentation methods : 
approximately 1 gm. of the ‘fluid’ catalyst was 
suspended in 10 mi. of water by vigorously shaking 
the mixture in a tube and withdrawing the finer 
particles by means of a small pipette. Sufficient 
quantities of the suspension of fine particles were 
placed in a medicine-type throat atomizer and 
then sprayed on to a calcium fluoride plate oriented 
vertically over a small hot-plate, namely, with 
the flat surface perpendicular to the plane of the 
laboratory desk top. This technique was important 
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in obtaining uniform catalyst films and preventing 
puddling. Each appheation of the aqueous suspen- 
sion to the calcium fluoride plate was allowed to 
approach dryness before additional spraying 
commenced. The density of the catalyst deposits was 
of the order of 2-3 mgm.j/cm.?. Final pretreatment of 
the silica-alumina consisted of dehydration at 480- 
500° C. for 16 hr. 

Infra-red spectra of ammonia tenaciously adsorbed 
upon a catalyst having a surface area of 600 m.?/gm. 
were observed at room temperature. These spectra 
exhibit considerable differences from similar investi- 
gations reported by Mapes and Eischens*. In the 
current study a series of infra-red absorption bands 
were resolved in the vicinity of 3,300-3,170 om.-} 
attributable to ammonia adsorbed on Lewis acid 
sites. A second set of absorption frequencies were 
noted between 3,025 and 2,900 em.-! ascribable to 
the reaction products of ammonia and Brgnsted sites. 
From band-widths and band-intensities it was 
estimated that the concentrations of Lewis to Bren- 
sted sites are in the ratio 3/2, respectively, near room 
temperature and the ratio increases with rising 
temperature. A minimum of three discrete energy- 
levels of Lewis acids and four definite energy-levels of 
Brensted sites was detectable. The multitude of 
infra-red bands exhibited in the stretching region of 
the spectrum diminished in intensity with decreasing 
sitfa@ee coverage in such a manner as to provide 
further evidence for adsorption sites of differing 
energies. That is, the ratios of band-intensities 
changed perceptibly as the ammonia was removed by 
pumping and elevation of temperature. 

The kmetic results of Franklin and Nicholson? 
showed a compensation effect whereby high values of 
energy of activation corresponded to high values of 
the frequency factor, and vice versa. The kinetic 
results could be correlated on the assumption of a 
logarithmic relationship between the frequency factor 
and the of activation. This observation is 
suggestive of a distribution of catalytic „centres 
according to their acid strength. The spectroscopic 
results cited above provide independent confirmation 
of the distribution of adsorption site energies on the 
silica-alumina catalyst. The optical spectra suggest 
that even though the energy distribution may be 
somewhat continuous in nature, a preponderance of 
the chemisorption of ammonia occurs upon a small 
number of spots in an energetic sense. 


D. E. NicHoLtson 


Manufacturing Department, 
Humble Oil and Refining Co., 
Humble Division, 
Research and Development Division, 
aoe Texas. 


1 Rischens, R. Franois, 8. A., and Pliskin, W, å., J. Phys. Chem., 
a0 14 (1966) 


* Mapes, J. E., and Hischens, R. P., J. Phys. Chem., 56, 1050 (1054), 
* Franklin, J. L, and Nicholson, D. E., J. Phys. Chem., 80, 59 (1956). 


Addition Compounds between Copper 
Complexes and Organic Bases 


In @ recent communication!, Graddon interpreted 
the formation of an addition compound between 
copper complexes such as cupric acetylacetonate and 
pyridine or other bases as due to formation of a 
5 co-ordination complex of the copper atom. This 
18 not the only possible interpretation, nor the most 
probable one. 
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The investigations of Lowry ef al.* showed that 
such bases, together with p-cresol, alcohol and prob- 
ably acetone, can act as catalysts for the muta- 
rotation of beryllium benzoyl camphor and alumimium 
benzoyl camphor dissolved in carbon tetrachloride or 
chloroform. In these compounds the metal atoms are 
showing maximum co-ordination, and the only likely 
interaction between the catalyst and substrate is by 
the former replacing one of the points of attachment 
of the chelate group to the metal atom, the muta- 
rotation becoming possible when the second chelate 
group (in the beryllium compound) is also detached 
at one end by thermal energy, amounting to about 
20,000 cal./mole. This is supported by the increase 
in optical rotatory power shown by solutions con- 
taining p-cresol. It would therefore seem lkely that 
the bases used by Graddon are similarly able to 
detach part of a chelate group. It is not clear, how- 
ever, why only one molecule of the base has been 
found to be attached to a metal atom. 

It may further be noted that Graddon used chloro- 
form as solvent in some of his experiments. Lowry 
et al. also showed that beryllium benzoyl camphor 
forms crystals from chloroform solution containing 
two molecules of chloroform to each metal atom, and 
that when these are dissolved in carbon tetrachloride 
the optical rotatory power differs from those of either 
the unsolvated material or of the equilibrium mixture : 
they postulated that it contained equal proportions 
of the two optically active isomers. It may be inter- 
preted as formed by the replacement of one end of 
each chelate group by a chloroform molecule, prob- 
ably attached through a chlorine atom to the metal 
atom, and also forming a hydrogen bond with the 
oxygen. atom of the detached group. The possibility 
of similar effects in solutions of copper complexes in 
chloroform should not be overlooked. 


R. C. Tramp 


Royal Melbourne Technical College, 
Melbourne, Victoria. 


< Graddon, D. P., fes mee 1610 (1969). 


Bows, T Ma T, M. a jaTiner T ibid. it Tor, 200 di aap Lowry, 
ani a 
d Trall, BR Dras oC. 132, 898 and 
ost, a R & Phi Mag., 3, ae i 1982). 


Reaction of Uae T a 
Fluoborate with Sodium lodide in Benzene 


In an earlier communication! it was shown that 
several diazonium salts belonging to the series, 
RO.O.H,.Ni}X, reacted with fB-naphthol in 
benzene containing an equivalent amount of pyridine 
to form normal azo-compounds. With Grignard 
reagents, however, p-n-decyloxybenzenediazonium 
salts gave not only the expected azo compounds but 
also p-n-decyloxydiphenyl and n-decyloxybenzene 
which must have been formed from n-decyloxyphenyl 
radicals produced at an earlier stage. <A further 
instance of the occurrence of radical reactions in the 
chemistry of diazonium salts has now been found in 
the reaction of p-n-decyloxybenzenediazonium fluo- 
borate in benzene with sodium iodide dissolved in a 
amall volume of dry acetone. Addition of the sodium 
iodide solution at the room temperature produced 
a yellow colour followed by the evolution of nitrogen 
and formation of p-iodo-n-decyloxybenzene and, in 
addition, free iodine, an equivalent amount of p-n- 
decyloxydiphenyl, and a trace of diphenyl. The 


p-n-decyloxydiphenyl must have arisen by pro- 
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duction of n-decyloxyphenyl radicals and their 
subsequent reaction with the medium. The formation 
of diphenyl requires the intermediate production of 
phenyl radicals, presumably by reaction of n- 
decyloxyphenyl radicals with benzene. When the 
volume of benzene was increased the yield of p-iodo- 
n-decyloxybenzene was reduced, but both iodine and 
p-n-decyloxydiphenyl] were found in increased, and 
‘equivalent, amount. 

Using p-n-decyloxybenzenediazonium fluoborate 
{7:050 gm.) ın dry benzene and sodium iodide 
(3-832 gm.) in dry acetone (25 ml.) the yields obtained 
“were : 


p-n- iodine 
decyloxy- | (per cent) 


diphenyl 
(per cent) | (per cent) 





The following sequence of reactions would explain 
the results obtained : 


p-n-C,,H;,0.C,H,.N;} BF,- + Nal > p-n-C,,H,,0.C,H,—N=N—I 


/ 


L 
N, + p-n-C,,.H,,0.C,H,° 


ye S 
ye N 


benzeno Pa 


on 


C,H,’ and p-n-C,,H,,0.C,H, C,H, 


C,H,.C.H, 


W. BRADLEY 
J. D. TRomPson 
Clothworkers Research Laboratory, 
University of Leeds. March 22. 


1 Bradley, W , and Thompson, J. D , Nature, 178, 1069 (1938). 


Radiation Labelling with Carbon-14 of 
Aliphatic Hydrocarbons 


RADIATION labelling techniques have been success- 
fully developed to introduce tritium atoms m a4 
number of organic molecules?. Such a method may 
also be applied to preparation of 
carbon-14-labelled compounds, 
taking advantage of radiation- 
induced reaction between an 
organic substance and that con- 
taining the radioisotope. Prelim- 
insry reports? describe the ident- 
ification of a number of radioactive 
carboxylic acids in mixtures con- 
‘taining hydrocarbons (or hetero- 
cyclic compounds) and carbon-14 
-dioxide irradiated with X- or beta- 
rays. Substantially better resulta, 
as regards the amount of radio- 
activity incorporated into the re- 
action products, have been now 
attained in the radiation labelling 








Fig. 1. 
electrometer response, dotted line to thermoconductavity call output. Vertical dotted 
lines correspond to full-scale changes Lo luzaki e ‘ 
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of aliphatic hydrocarbons promoted by high doses of 
gamma-rays (from spent elements of nuclear fuel) in 
gaseous systems containing labelled methane as the 
source of radiocarbon, a saturated hydrocarbon of low 
molecular weight and an inert gas. Typical experi- 
mental conditions were as follows: a mixture of 
0-75 m.mole of radioactive methane (specific activity 
0-5 me./m.mole), 0:75 m.mole of propane and 3:0 
mo.moles of xenon was irradiated in a sealed ‘Pyrex’ 
ampoule (125 c.c. approximate capacity). Addition of 
xenon increased considerably the energy transfer 
from ionizing radiation to the hydrocarbon mixture, 
a3 shown by preliminary runs. The irradiation dose 
was estimated to be 0-99 x 10? rads. 

The contents of the vessel were then frozen in 
liquid nitrogen, the methane pumped away and the 
residue thoroughly outgassed by the conventional 
melting--freezing technique. Gas chromatographic 
methods were employed to separate the radioactive 
hydrocarbons in the irradiated sample, a mixture of 
ethylene, propane, butane and tsobutane, pentane 
and tsopentane, and hexane carriers having been 
previously added. The gas chromatographic apparatus 
employed for the analysis was equipped with a con- 
ventional thermoconductivity 
detector, in series with a 
100-ml. ionization chamber, 
connected to a vibrating reed 
electrometer’. Thermocen- 
ductivity cell and electro- 
meter responses were regis- 
tered on synchronized re- 
corders for simultaneous 
chemical and radiochemical 
analysis. Satisfactory effi- 
ciency m chromatographic 
separation was attained using 
two different columns for the 
analysis of C.-C, and C, 
hydrocarbons: columns con- 
taining as stationary phase 
acetonylacetone on ‘Celite O 


—* 
N 


bn 


I, 


22’ and dinonylphthalate on ‘Celite C 22’, respectively 
6 m. and 4 m. long, were chosen for analysis of lighter 
hydrocarbons, with nitrogen as carrier gas, the 
temperature being 16°C. (Fig. 1). 
dinonylphthalate on ‘Celte C 22’, at 55°C., was 
adopted for C, compounds. 


A, column of 


The radioactivity of each compound was evaluated 
integrating the area of the correspondmg 


radiochemical peak. Total radioactivity was determ- 
ined by two independent methods: (i) calculating 
the activity corresponding to the sum of the radio- 
chemical peaks; and (ii) counting known amounts 
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Table 1* 

Compound Actavity (uo )t 
Ethaneg 14 80 

pane 2°40 
Propylene coat 
2-Butane 0:96 
n-Butane 0 92 
t-Butene momen 
Unknowns OIL 
t-Pentane O51 
n-Pentanc 0 15 
t-Hexane 114 
n-Hexane 0°49 

Total 21 48 we 


* The activity of methane in tmadiated mxtare was 0 370 mo. 

t Radioactivity data wore obtained as the mean value of several 
measurements, the standard deviations be leas than 6 per cent, 

t Radioactive ethylene may be contained in the ethane peak, due 
to ths poor separation im the presence of large excess of xenon. 

$ Probably unsaturated linea: butenes. 


of the radioactive mixture, introduced into a 260-c.c. 
ionization chamber of the Borkowsky modified 


The resulta obtained are summarized in Table 1. 
It can be seen that a comparatively bigh percentage 
of methane radioactivity is contained in the reaction 
products. Further, the specific activity of the labelled 
hydrocarbons—except propane—is very high before 
dilution with carriers. It should also be pointed out, 
im evaluating the practical interest of the results 
summarized in Table 1, that the activity of labelled 
compounds could be substantially increased—in 
about the ratio 20:1—simply by irradiating a 
miktfre containing methane of the maximum 
available specific activity. Finally, it is worth 
mentioning that. despite the high doge of gamma-rays 
absorbed by the gaseous system, only a small amount 
of the radioactivity was found in unsaturated hydro- 
carbons. 

This work was supported by the Comitato Nazionale 
Ricerche Nucleari. We also thank Prof. G. Gia- 
comello for valuable suggestions, and Mr. R. Cipollini 
for some of the chromatographic analysis. 

Funvio CacacE 
ANGELO GUARINO 
Istituto di Chimica Farmaceutica 
dell "Universita, 
Centro di Chimica Nucleare 
del C.N.R., 
Rome. 
Feb. 15. 
1 Wusbach, K. B., J. Amer. Ohem. Soc., 79, 1018 (1957). 
* Cacace, F., Olranni, G., Glacomelio, G., and Zlffererc, M., Ricerca 
Sei., 88, 2181 (1968). Turton, O. N., Proo, Second Conf. Peaceful 
Uses of Atomic Energy, 20, 31 (1958). Cacace, F. Guarino, A., 
and Possagno, E, Gazz, Chim. Ital., 89, 1887 (1959). Aliprandi, 
B. and Oacace, F.. thid., 89, 2268 (1959). 
a Cacace F., and Inam-Ul-Haq, Science, 181, 782 (1960). 


BIOCHEMISTRY 


Electrophoretic Components of the Proteins 
in Honeybee Larval Food 


THE proteins of the larval food of the honeybee, 
Apis mellifera L., have boen resolved into a number 
of components by zone elecitrophoresis!-*._ The total 
protein content of larval food (royal jelly) given to 
female larve being reared m queen cells remains 
fairly constant throughout the feeding period. 
However, a marked drop in total protein occurs in 
the food given to worker larvæ midway in the feeding 
period‘. It has been observed that larve from worker 
cells can develop into fully mature adult queans 
if transferred to queen cells (receiving queen larval 
food or royal jelly) during the first three days of 
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larval lifes’. The purpose of this communication is to 
note the relation of electrophoretic pattern of larval 
food proteins to the age and caste of the larve 
receiving the food. 

Larval food was gathered from brood cells con- 
taining old larve (4-6 days of larval life) and young 
larvæ (leas than 3 days) of each caste. Care was taken 
in obtaining the food samples to avoid contamimation 
from materials clinging to the sides of the cells. The 
samples were kept at —40° C. until a pool of each 
caste and age-group was collected. They were 
obtained during the height of brood rearing from the 
colonies maintained in the University apiary. 

The pools were thawed, stirred, and 1-gm. samples 
(fresh weight) withdrawn. Each sample was extracted 
by stirring in 10 ml. of water followed by centrifuging. 
This was repeated with successive amounts of water 
until no more protein was found in the supernatant 
as judged by the biuret test. These were the water 
extracts. The residue from each sample was then 
further extracted with alkali (0-5 per cent sodium 
carbonate) to the same end-pomt. These were the 
alkali-soluble extracts. The extracts from each 
sample and treatment, respectively, were pooled 
and dialysed against water (changed twice daily) 
until the dialysate was negative to ninhydrin (about 
4 days). The extracts were then pervaporated to 
2 ml. volume. 

20 ul. of each sample were spotted on Munktell 
20S paper at a line 14 om. from the cathode buffer 
reservoir of an LKB model 3276 electrophoresis 
apparatus. The reservoirs were filled with 14/10 
barbital buffer, pH 7-4. Current (4:3 V./em.) was 
applied for 18 hr. The sheets were removed, dried 
with & hair-dryer, and stamed with bromphenol-blue*. 

The distribution of water-extracted stained pro- 
teins is shown in Fig. 1. There is no qualitative 
difference apparent between the proteins in the food of 
young larve of queen, worker, and drone castes. 
Spots 1 and 3, however, are not found in the old 
worker and drone larval food. A single zone with a 
migration equivalent to that of spot 3 was present in 
alkaline extracts of all food samples exammed. Thus 
it is apparent that the qualitative change of the 
protem constituents of worker and drone larval food 
is restricted to the water-soluble fractions. 

A bluish fluorescent zone not associated with any 
of the proteing was visible on unstained electro- 
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Young royal jelly or 
queen larval food. 


Old royal jelly 


Young drone larval food 


Old drone larval food 


eZ ely 4S - Young worker larval food 
ny i Old worker larval food 
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Fg. 1. bie igh ada patterns (drawn to seale) of proteins from 
food of honeybee larve of different age and caste 
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phorograms of food of younger worker and drone 
larvæ and of food of both ages of queen larve. The 
fluorescence may indicate the presence of biopterin’, 
which has been associated with queen larval food. 

The source of brood-food proteins was sought in 
adult worker bees : 16 pairs of each of the mandibular, 
hypopharyngeal and thoracic glands were dissected 
from (a) 6-day post-emargence nurse bees; (6) 
newly emerged bees. The glands were macerated in 
0:5 ml. phosphate (M10, pH 6-0) and electro- 
phorograms prepared as above. The electrophoretic 
pattern obtained from the hypopharyngeal glands of 
the 6-day post-emergence adults was similar to that of 
queen larval food, whereas other glands and glands 
of newly emerged bees contained a single, immobile 
spot. The source of young brood-food protein 
appears to reside in the fully active pharyngeal gland. 

Thus the divergence of maturation of the fully 
fertile queen from that of the infertile worker coin- 
cides chronologically with the qualitative change in 
protein composition of brood-food given to the larvee 
of the latter caste. A more concerted study of the 
changes occurring in the brood-food at this time 
could help explain the mechanism of this divergence. 
For example, Ammon and Zock’ localized cholin- 
esterase activity in their alpha fraction and acid 
phosphatase in their gamma fraction, corresponding 
to our spots 2 and 4. It is possible that loss of other 
biological or nutritional activity is associated with 
loss, in the older worker larval food, of spots 1 and 3. 
Such a loss could be related in some way to the sub- 
sequent sexually incomplete development of the 
worker caste. 

i N. Q. PATEL 


M. H. HAYDAK 
T. A. GOOCHNAUER 


Department of Entomology and 
Economic Zoology, 
University of Minnesota, 
St. Paul 1. 
1 Gontarski, H., Z. Blenen-Forach., 2, 168 (1964). 
t Ammon, R., and Zock, E., Artencum. Forsch., 7, 699 (1957). 
* Habowski, J. E. J., 3LS. thesis, University of Toronto (1958). 
t Shuel, R. W., and Dixon, 8. B., Canad. J. Zool., 37, 808 (1959). 


1 Ribbands, R., “The Pehavtons ang Romal Life of Honeybees” (Bee 
Research ‘Association, 2 53). 


* Block, R. J., Darrum, E L., a rela, G G., “Paper Chromatography 
and Paper Electrophoresie” (Aca demic Press, New York, 1955). 


1 Butenandt, R. H., Hoppe-Sewers Z physiol. Chem., 311, 79 (1048). 


Desalting of Urine by Electrodialysis 

Tue electrodialyser previously described! has been 
used for desalting samples of urine prior to chromato- 
graphy. This apparatus (obtainable from Shandon 
Scientific Co., Ltd., 6 Cromwell Place, London, 
S.W.7) was used successfully in the degalting of 
tissue extracts; but Smith’, using a modified 
version of the desalter, reported considerable losses 
of amino-acids during desalting of urine. It was 


considered desirable to repeat the experiments in. 


the original apparatus by plotting the ‘desalting 
curve’ and submitting samples desalted for varying 
lengths of time to two-dimensional chromatography. 

The urine was part of a 24-hr. sample from a 
patient at the Royal Alexandra Hospital for Children, 
Sydney. 10-ml]. portions were diluted with 10 ml. of 
water and placed in the centre compartment of the 
cell and tap-water was run through the electrode 
compartments. The current was switched on and 
the voltages adjusted periodically to maintain the 
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Fig. 1. Ordinates : restance of the cell. Abscase time m mun. 
Runs 4 and B are indicated 


current flowing at 0-200 amp. for the greater part of 
the run. After 43 min. the resistance of the cell had 
begun to rise steeply, and the removal of ions was 
substantially complete (run B). 

The plot of resistance j time 18 shown in 
Fig. 1. Initially, the resistance of the cell falls as salt 
begins to pass through the membranes; after 20 
min. the greater part of the i inorganic salts has been 
removed, and more of the current is being carried by 
organic ions, a8 shown by the increase in gradient; 
finally, the curve rises steeply as the solution becofnes 
exhausted of ions. 

Runs A (and O) were carried out in the same way 
but were terminated after 18 min. and 10 min. 
respectively. 

The solutions from runs 4A, B and QO, and the 
original urine were brought to dryness under reduced 
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Fig. 2. One-dimensional chromatogram in butanol/acetio acid of 
the amino-acids ın samples of unne withdrawn at zero time and 
after 10, 18, and 48 min. 
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pressure and diluted to 2 mi. with 10 per cent v/v 
isopropanol. Equal amounts of each sample were 
chromatographed in butanol/acetic acid? (ascending) 
followed by phenol/ethanol® on Whatman No. 1 
paper and developed with ninhydrin. Two-dimensional 
chromatograms of the urine desalted for 10 min. 
gave good discrete spots compared with the original 
urine. A one-dimensional chromatogram of samples 
withdrawn at various times during the run 1s shown 
in Fig. 2. 

It is evident from the results that, provided a 
“‘desalting curve’ for the urine is plotted, it is possible 
to stop the run at a time when most of the salt has 
been removed but little or no amino-acid has been 
lost. It is also suggested that a procedure of ‘total 
desalting’ might be useful in clinical laboratories to 
measure the total amount of electrolyte in urine, 
since this 1s directly proportional to the average 
current x time. 


T. Woop 


Biochemistry Department, 
University of Sydney, 
New South Wales. 


1 Wood, T., Riochem. J., 68, 611 (1956). 


t Smith, L ed), “Chroma phic Techniques, Clinical and Bio- 
chemi Applications” (Heinemann, London, 1958). 
* o 


Biosynthesis of Flavonoids 


SEVERAL workers have shown that lignin and the 
‘B ring’ of flavonoids are formed tn vvo from shikimic 
acid and certain C,C, compounds. The latter com- 
pounds are frequently encountered in plant tissues'. 
The ‘A ring’ of flavonoids appears to arise from 
acetate units?. However, the occurrence of the free 
‘A ring’ or simple derivatives of it have rarely boon 
reported. We have found that on acid treatment 
kinos yield phloroglucinol, but bark and wood 
polyphenols do not 

Concentrated hydrochloric acid was added*to an 
aqueous ethanolic (1:1) solution (5 ml.) of the kino 
(0-2 gm.), until the strength was 3 N. The open 
test-tube containing the solution was heated in boil- 
ing water for 1 hr., and the reaction products exam- 
ined by two-way chromatography in butanol/acetic 
acid/water (6:1: 2) and 6 per cent acetic acid. All 
the kinos exammed produced phloroglucinol, which 
was identified by co-chromatography, its appearance 
under ultra-violet light while fuming with ammonia 
(s.g. 0°88) and its colour reaction to diazotized 
p-nitroaniline? and vanillin-hydrochloric acid‘. 

Phioroglucinol was isolated from Pterocarpus 
marsupwum kino (5 gm.) by treating in a similar 
manner, adding sodium carbonate to the filtered 
reaction products until the acid strength was about 
1 N. The resulting liquor was placed on a polyamide 
column‘ and, after washing with water, the column 
was developed with ethanol/water (3:7) and the 
phloroglucinol recovered from the appropriate frac- 
tions in 0:5 per cent yield. The crystals did not 
depress the melting point of authentic phloroglucinol 
and possessed the same infra-red spectrum. 

When the kinos were treated with butanol ~ 
hydrochloric acid, the anthocyanidins produced by 
the leucoanthocyanins present were identified chrom- 
atographically using Forestal? and formic acid — 
hydrochloric acid — water’ solvents, and they all 
contained a phloroglucinol ‘A ring’. In addition, 
Eucalyptus and Angophora kinos gave gallic acid, 
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and some kinos gave methyl gallate and proto- 
catechuic acid which were identified by co-chromato- 
graphy on 2-way chromatograms. 

The kinos examined, and the principal antho- 
eyanidins produced with acid, were as follows: 
Eucalyptus calophylla (pelargonidm and cyanidin), 
E. camaldulensis (cyanidin), E. constdeniana (delph- 
inidin), Æ. (cyanidin), E. elaeophora 
(delphinidin), Æ. gigantea (delphinidin), Æ. cane 
rhyncha (delphinidin), Æ. obliqua (delphinidm), Æ 
polycarpa (cyanidin), Æ. radiata (delphinidin), Æ. 
regnans (delphinidin), Æ. sideroxylon (pelargonidin, 
cyanidin, delphinidin), Æ. sieberiana (delphinidin), 
Angophora intermedia (cyanidin), Pterocarpus marsup- 
tum (cyanidin), Butea frondosa (cyanidin), 

The material yielding phloroglucinol with acid 
treatment was insoluble in ether, and formed un- 
resolved streaks on the solvent axes. When solutions 
of H. elaeophora and P. marsumum kinos in aqueous 
ethanol (1 : 1) were made 2 N with sodium hydroxide, 
kept at room temperature for 2—4 hr., then acidified, 
phloroglucinol was not detected, so that esters of it 
are absent. Sugars could not be detected in the acid 
reaction products. 

In contrast, extracts of the wood and phloem 
tissues of several of the above eucalypts which had 
formed kinos did not yield phloroglucinol on acid 
treatment. Extracts from the wood of E. wandoo, 
and the barks of E. astringens and Rhizophora 
mucronata which are rich in leucoanthocyanins con- 
taining a phloroglucinol ‘A rng’ also failed to yield 
phloroglucinol. Thus, kinos contain phenolic com- 
ponents which are absent in the phloem and woody 
tissues, and consequently kinos appear to be formed 
in siu from other materials. Further evidence’ 
indicates that the polyphenols in kinos and in the 
tissues of trees are formed from carbohydrates which 
have been translocated or stored as starch. 

I am indebted to Miss E. Gloss for exper:mental 
assistance. 


W. E. Hints 


Division of Forest Products, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 
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PHYSIOLOGY 


Cstrogen-Insulin Interaction on the 
Uterus of the Rat 


Tam physiological activity of a specific hormone 
may be greatly modified by the presence or absence 
of other hormones, as evidenced, for example, by the 
Houssay effecti; the inhibitory action of adrenal 
cortical hormones on the response of the rat uterus to 
cestrogens? ; the interaction of the various cestrogens 
on uterine growth’; the synergistic effect of growth 
hormone and thyroxine on body-growth in hypo- 
physectomized animals‘, etc. Of more immediate 
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relevance to the subject to be treated here is the 
finding that the response of the mouse vagina to 
estrogen is heightened by local application of 
insulin’; analogies between the effects of œstrogen 
and those of insulin on the mitotic activity of mouse 
ear epidermis have been pointed out by Bullough’. 
Other similarities between the generalized action of 
insulin and the specific effects of cestrogens on their 
target organs include an increased potassium uptake 
by the responding tissue’-*, and a heightening of 
glycogenesis and lipogenesis'+1*, The foregoing 
observations, together with the fact that except m a 
few specific preparations cestrogens are ineffective 
im vtiro'*, and in large doses produce a transient 
diabetes'*, suggest a possible interaction between 
insulin and cestrogen. 

The investigations described here were designed 
to establish whether diabetes and insulin-induced 
hypoglycemia would affect the response to cestrogen 
based on the 6-hr. Astwood assay??. This would 
presumably indicate whether insulin plays a part in 
the action of estrogen, and whether the blood 
glucose is also involved. 

Twenty-one- to twenty-two-day old albino rats 
weighing 40-50 gm. were employed in this study. 
Diabetes was induced by partial pancreatectomy 
followed by the subcutaneous injection of 1 c.c. of a 
40 per cent glucose solution; 1 hr. after the admin- 
istration of glucose the animal received 0-5 ugm. of 
cstrone in 0-1 o.c. of sesame oil subcutaneously ; 
autopsy was performed 6 hr. after the injection. 
(Eistrogen-treated and un-treated non-operated, sham- 
operated, operated but glucose-uninjected controls 
were also provided. The extent of the diabetes was 
determined by the use of the Lilly diabetic test tape ; 
all partially depancreatized glucose-treated animals 
exhibited at least a +-+-+-+ response, that is, a 
urine sugar content of at least 2 per cent, at autopsy. 


‘Table 1. RFFEOTS OF HYPER- AND HYPO-GLYOANLA ON_THH UTERINE 
sl? RBSPONSE TO COSTROGEN 


Uterine water 
(per cent)* 


814+02 


1 Unoperated, untreated controls 
86801 


2 Received 0'5 agm. costrone 

8 Received 0°65 ugm., œstrone 12 hr. 
after injection of 2 units of prot- 
amine zinc insulin 


c 
4 Received 0-5 ugm. costrone 12 hr 
after injection of 2 units of ‘Lente’ 
insulin 


[| 
5 Received 2 unite ‘Lente’ inguln 18 
hr. before autopsy 


81640 4 


8381405 
81-5404 
880406 


8688+05 


cent glucose solution 
8 Received 0'5 ugm. œstrone 2 hr. 


sham partial pancreatectomy 
and 1 hr. after injection of 1 c.c. of 
40 par cont glucose solution 
9 Received 0-5 ugm. estrone 2 hr 

after partial pancreatectomy and 
1 hr, after injection of 1 «.c. of 40 
pei cent glucose solution 

10 Received 0 5 ugm. cestrone 2 hı 
after pancreatectomy 
and 1 hr. after injection of 1 c.c. of 
40 per cent mannose solution 

11 Received 0 § ugm. mstrone 2 hr, 
after partin! pancreatectomy and 
1 hr. after injection of 1 c.o of 40 
per cent fructose solution 

12 EKecelved 0 5 ugm., strone 2 hr. 
after partial pancreatectomy and. 
1 hr. after injection of 1 6.0. of 
40 per cent galnotose solution 


858 +08 


811+406 


82 4302 


819403 


885 +09 





* Mean -+ standaid sior of the mean 


NATURE 


May 2\, 1960 VoL. 186 


85 


ao 
i 
l 


œ 
ce 
I 


(e 3) 
be 





Uterine water (per cent total weight) 


Control level 


Untreated animals 
81 Glucose; 


0 4 0 6 0 6 0-7 
Smf Ss 


Relation between Sa/S* and uterine water uptake in 


Fig. 1. 
depancreatized diabetio immature rats 


None of the other animals in this set of experiments 
exhibited any evidence of glucosuria. 

Hypoglycssmia was induced by injection of msulin 
12-14 hr. before the administration of cstrone. 
Uterine wet weights were determined immediately 
upon removal of tho organ; the tissue was then 
placed in a pre-weighed aluminium pan and dried at 
90° C. for 72 hr. 

Additional pancreatectomized groups were pro- 
vided in which glucose was replaced by fructose, 
mannose, or galactose; some of the pancreatec- 
tomized sugar-treated animals exhibited mild glucos- 
uria. 

From the results presented in Table 1 it is evident 
that the response to cestrogen was dependent upon 
the physiological integrity of the test animal; the 
absence as well as the excess of insulin inhibited the 
action of cestrone. It 1s difficult to determine whether 
the inhibition due to lack of insulin was a direct one: 
diabetic animals exhibit a marked polyuria, and recent 
studies have indicated that the 6-br. response to 
cwstrogen is diminished in ‘Diamox’-treated animals, 
which lose a great deal of water*. Adrenal involve- 
ment in the reduction of the cestrogen response in 
glucose-treated partially depancreatized animals 
appears minimal in view of the results obtained with 
sham-operated glucoge-treated controls. It is note- 
worthy that not all the sugars tested are equally 
effective in blocking the action of œstrone under 
identical experimental conditions ; Fig. 1 relates the 
extent of the inhibition to the degree to which normal 
rat muscle takes up sugar under a given dose of 
insulin; this parameter was derived from the work 
of Park eż al., who express it as the ratio of the free 
sugar in the tissue to the sugar concentration in the 
blood serum (S,,/S,)'%. The inverse relation between 
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the extent of œstrogen stimulation and the ‘insulin 
demand’ of muscle is highly suggestive. 

The fact that insulm-pretreated animals do not 
respond to oestrogen does not conclusively point to a 
direct involvement of the blood glucose in the response 
phenomenon, as the inhibition might be ascribed to 
increased adrenal secretion in response to the stress 
of hypoglycemia. This hypothesis is rather difficult 
to check in view of the extreme sensitivity of adrenal- 
ectomized hyperinsulinized animals. 

In view of the results obtained it seems worth while 
to speculate on the inhibition of cestrogen-induced 
water uptake observed in the uteri of eviscerated 
animals. Some reports have explained this pheno- 
menon as resulting from the absence of liver tissue’. 
The results reported here would point to the absence 
of pancreatic tissue as a prime factor in this inhibition. 


R. MICHEL ZILBERSTEIN” 


Biological Laboratories, 
Harvard University, 
Cambridge, Mass 
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Intracellular Potentials in Rat Atria 
during and after Vagal Stimulation or 
Acetylcholine Administration 


RECENTLY, Vaughan Williams’ observed that the 
shortening of the duration of the intracellularly 
recorded action potential in rabbit atria following 
vagal stimulation or acetylcholine administration is 
not always associated with diminished atrial con- 
tractions. In fact the association between the two 
phenomena as observed by Burgen and Terroux? 
might be comeidental. The question arose whether 
the slowing-up of the atrium which will result from 
vagal stimulation or acetylcholine administration is 
always connected with a shortening of the duration 
of the atrial action potential. The right atrium of 
adult Wistar rats was impaled with glass miaro- 
electrodes filled with 3 M potassium chloride, their 
tip diameter being < 0'5u and their resistance 20— 
35MQ. After retrograde insertion of a plastic 
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Potential (mV.) 





Fig 1. Effect of Fed stimulation and acetylcholine administra- 
tion on a trial po tentials. A, left, normal atrial potential; right 
atrial potential dunng vagal stimulation. B, 1 atrial potential 
shoitly before cardiac arrest as caused by acetylcholine adminis 

tration ; t, potential of driven atnum during acetylcholine 
administration. Time marks, sine wave of 100 c./s. Stimulus 
artefacts are visible in right-hand records 


cannula in the thoracic aorta, the heart and both vagi 
were perfused tn stfu with normal Tyrode solution. 
The vagi were stimulated with rectangular current 
pulses of varying intensity. The pulses had a fre- 
quency of 10 c./seo. and a duration of 0-5 m.sec. Ina 
few experiments we succeeded in recording intra- ` 
cellular atrium potentials from artificially ventilated. 
animals that had an intact circulation. The results 
obtained witb perfused rats and with rats with an 
intact circulation did not differ. 

During vagal stimulation or during the admin- 
istration of acetylcholine to the perfusion fluid or to 
the venous blood the duration of the atrial potential 
decreased from 100 to about 20 m.sec. The degree of 
slowing-up of the atrum and the shortening of the 
atrial action potential were found to be dependent 
equally upon the intensity of the vagal stimulation. 
and the concentration of acetylcholine in the perfusion 
fluid or in the blood. Immediately after the arrest of 
vagal stimulation the heart frequency rose to its 
original value within 1 sec. In most experiments 
post-vagal acceleration of heart frequency was 
observed. 

The shortenmg of the duration of the action 
potential, however, did not disappear as quickly as 
the atrial slowing and reached its original value only 
after 7-15 sec. after the arrest of vagal stimulation. 
The same observation was made when perfusion with 
Tyrode solution containing acetylcholine was sud- 
denly replaced by perfusion with normal Tyrode. 

In a further series of experiments cardiac arrest was 
established by perfusing the heart with a Tyrode 
solution containmg 20y acetylcholine/ml. As an 
atrium under these conditions will still respond with a 
contraction to an electrical stimulus}, the atria were 
electrically driven up to their origmal frequency. 
Despite this frequency of contraction, the duration 
of the atrial potential remained considerably shortened 
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so long as the acetylcholine administration was 
continued. On discontinuing the acetylcholme 
perfusion the duration of the atrial potential gradually 
roge to its original value. 

Consequently we have come to the conclusion that 
shortening of the duration of the auricular potential 
during vagal stimulation does not depend upon the 
rate of the atrial contractions. 

We are indebted to the Dutch Organization for 
Pure Scientific Research for its financial support. 


P. A. BIERSTEKERB 
J. Ts. F. BOLES 
L. N. BOUMAN 
Department of Physiology, 
University of Amsterdam. 
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Effect of Methylpentynol on 
Acetylcholine in the Rat’s Brain 


RECENT observations that methylpentynol, a 
sedative-hypnotic agent, interferes with transmission 
in certain cholinergic synapses’, have led to the 
demonstration by Marley and Paton that this action 
is due in part to a reduction in the output of acetyl- 
choline, at least from the superior cervical lion 
of the cat?. In the course of work in this and other 
laboratories on the influence of a number of appro- 
priate neuro-pharmacological agents on the acetyl- 
choline content of the rat’s brain, it became apparent 
that the administration of depressants of the central 
nervous system in general is followed by a rise in 
brain acetylcholine (unpublished work and ref. 3). 
It seemed essential, therefore, for us to include 


- methylpentynol in our survey, because this central- 


depressant might, in the light of the findings of Marley 
and Paton, depress the output of acetylcholine by the 


-brain, possibly leading to a depression of the total 


level of acetylcholine. On the other hand, if release 
of acetylcholine alone, and not ite synthesis, were 
interfered with, one might expect an accumulation 
and an increase in the amount of acetylcholine in the 
brain. 

Adult male rats (150-250 gm.) were given intra- 
peritoneal injections of methylpentynol in doses 
varying from 200 to 500 mgm./kgm. At a time 
shortly after loss of the righting reflex, when the 
animals were believed to be at the point of greatest 
central depression, the rats were decapitated, their 
whole brains (without olfactory lobes and pituitaries) 
quickly removed and extracted for acetylcholine by 
the method of Smallman and Fisher’. The content 
of acetylcholine in these extracts was determined by 
bioassay on the frog’s rectus abdominis muscle 
preparation. Methylpentynol has no direct effect on 
this preparation in concentrations up to 20 ygm./ml. 
(approximately seven times the maximal amount 
expected in the extracts), nor does it sensitize the 
muscle to acetylcholine. The results are shown in 
Table 1. 

The animals given the lower doses were all lightly 
depressed, and their acetylcholine-levels were only 
slightly higher than those of the two control animals. 
On the other hand, those animals given 500 mgm. of 
methylpentynol per kgm. were deeply depressed and 
the levels of acetylcholine in the brain were con- 
siderably higher than those of the control animals. 
It appears that, in rats, methylpentynol causes a 


NATURE 


May 21, 1960 VoL. 186 


EFFECT oF ALRTHYLPENTYNOL ON ACETYLOHOLINE 
QONTHNT OF TAB RAT'S BRAIN 


Table 1. 


Intraperitoneal dose | Killed (min. after on- | Acetylcholine in brain 
(mgnm./kgm.) set of anxethesia) (ugnLigm. + S.E) 


None (2 animals) woe 277 
200 + 100 4 3 03 
8 3-19 
300 2°8 2°80 
300 25 8-15 
Mean $04 +4017 
None (6 animals) | ~~ 3 05 + 0 28 
500 12% 5'88 
500 15 5 08 
500 12 5 88 
500 15 4-55 
500 12 4 60 
500 12 5-10 
500 12 5-00 
500 12 5-66 


Alean 5 20 +0 52 


rise in the level of acetylcholine in the brain, and that 
the extent of this rise w related to the degree of 
depression induced by the administration of the agent. 
If methylpentynol causes a rise in brain acetylcholine 
by reducing the output of that substance at certain 
central synapses, these results would indicate that 
there is no interference with the synthesis of acetyl- 
choline. Jt has already been established that 
methylpentynol does not inhibit cholinesterase 
(unpublished work). 

Since preparing this communication, we” have 
conducted experiments to show that there is no 
difference in the synthesis of acetylcholine by slices of 
cerebral cortex from brains of untrested rats and by 
those from brains of rats under anæsthesia induced 
by methylpentynol (in a dose of 500 mgm./kem.). 

This work was aided by grant B-940 from the 
National Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service. 


- GIANCARLO PEPEU 
NICHOLAS J. GIARMAN 
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New Haven, Conn. 
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Effect of Severing the Olfactory Bulbs on 
the Intake and Excretion of Water in the Rat 


Ecoioaisrs and experimental workers maintain 
that the sense of smell plays an important part both 
in the search for food and the regulation of alimentary 
reactions!-*, In recent investigations we studied the 
significance of olfactory signalization for the intake 
and excretion of water. 

Adult male rats in groups of eight or more were 
used. The skull was trephined above the olfactory 
bulbs and the bulbs severed with a scalpel: the 
experiments were begun after a period of 1-2 months. 
Control animals were sham operated. During the 
experiment animals were housed individually in 
metabolism cages, and the intake and excretion of 

water together with food intake and body-weight were 
determined. 
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In tho animal house operated animals drink 71 per 
cent more water a day than normal animals, and 
the same result was obtained during the experimental 
period : after their olfactory bulbs had been cut, rats 
drank 60 per cent more water in a day than the 
control animals and also excreted 60 cent more 
urine. Thus water exchange was the same for both 


ups. 

In order to determine whether increased water 
intake or increased water loss was the primary 
mechanism concerned the followmg experiment was 
performed. Animals housed in metabolism cages 
were deprived of food and water for 24 hr. and the 
amount of urme excreted was measured. It could be 
shown that operated animals lost 65 per cent more 
water than contro] animals during that period. 

It seemed possible to explain the above findings by 
assuming a defect similar to diabetes insipidus. In 
order to confirm this assumption, adiuretic activity 
was determined in the blood of our animals using the 
method of Hellert. Its activity was found to be 
significantly lower in the blood of operated animals 
than in that of the controls. Exclusion of other 
gensory receptors (enucleation, severing of the 
trigeminal nerve) has no effect on water metabolism. 
Thus severing the olfactory bulbs significantly 
affects the intake and output of water. It has no 
- effect on food intake and body-weight. 

In further experiments ıt was shown that normal 
rats make up for the deficit in water due to the 24-hr. 
period of starvation and thirst by increasing their 
intake of water on the next day. Operated animals 
react quite differently. They drmk the same amount 
of water as before the period of thirst. After 24 hr. 
without access to food and water, control rats excrete 
urine in the normal fashion. Operated rata under the 
game conditions urinate less than normally. Only on 
the next day and afterwards do we find the high 
excretion of water observed before the period of starv- 
ation and thirst. This was also confirmed by a further 
experiment. Animals were again deprived of foed and 
water for 24 hr. and then given @ quantity of water at 
38° C. through a stomach tube corresponding to 5 per 
cent of their body-weight. 3 hr. after the administra- 
tion of water ıt was found that more water was 
retained by the operated rats than by the control ones, 
the former excreting 40 per cent less water than the 
latter. It may be concluded that intact rats regulate 
a water deficit by an increased intake of water, while 
operated animals react by decreasing urine excretion. 
Thus these animals, although having less adiuretic 
activity m their blood, are capable of regulating the 
volume of their body-fluid. 

The changes described do not appear immediately 
after the operation and on the average become 
permanent after 20 days. This demonstrates that they 
are not due to surgical trauma or exclusion of olfactory 
signalization. It is assumed that they depend on 
degenerative changes in the olfactory tracts leading 
to the hypothalamus whence collaterals pass to 
hypothalamic nuclei. This will have to be verified. 

V. NovAkové 
H. DirovuHA 


Institute of Physiology, 
Czechoslovak Academy of Sciences, 
Praha 6. 
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Interrelation of Tryptophan and Nicotinic 
Acid in Man during the First Month 
of Life 

In the foetal liver of mammals there 1s little or no 
activity of the folowing enzymatic systems: glucose- 
6-phosphatase!, uridine diphosphoglucose dehydro- 
genase, and glucuronyltransferase*, phenylalanine 
transaminase, tyrosine transaminase and phenyl- 
alanine hydroxylase?. Hence these enzymes reach 
the normal levels of activity durmg the first period of 
oxtra-uterme life, and for some of them ıt seems that 
this process is regulated or accelerated by the adreno- 
cortical hormones. 

A similar behaviour has been demonstrated in the 
rat, in the guinea pig, and in the rabbit as regards the 
tryptophan peroxidase activity‘: in the foetus and 
newborn of these animals, the conversion of trypto- 
phan into nicotinic acid is dimmished or completely 
eliminated. 

We have recently begun an investigation of the 
tryptophan metabolism in sucklings. In the work 
to be described in this communication, our particular 
interest was to examine, i newly born children and 
sucklings 1 month old, the excretion in the urine, 
both spontaneous and after administration of 
L-tryptophan, of the intermediary metabolites of 
the conversion of this amino-acid to nicotinic 
acid, 

We examined urine samples of normal newly born 
children and of normal sucklings. The urine was taken 
every other day, from the first to the thirtieth day of 
life. For the chromatographic analysis of the 
urinary metabolites involved in the tryptophan- 
nicotmuc acid system the Dalgliesh technique’ was 
used. 

Urine samples of 5 breast-fed and of 5 hand-fed 
children, without administration of L-tryptophan, 
have been examined systematically during the wee 
of the first month of hfe. : 

In this way, three types of excretory aus; 
occurring ın succession, were observed. The firat is 
characterized by the absence of the metabolites 
looked for, and lasts from the first to the fourtb- 
eleventh day, varying from child to child; the 
second phase lasts from the fifth—-twelfth day to the 
seventh—twenty-eighth day and is characterized by 
the appearance of numerous conjugates of 3-hydroxy- 
kynurenine and kynurenine (Ry 0:1-0-15), and of the 
kynurenine; in 7 out of 10 cases, of 3-hydroxy- 
anthranilic acid; in 2 cases also of anthranilic acid 
and of 3-hydroxykynurenine ; in some of the children 
the conjugates and the kynurenine appeared before 
the 3-bydroxyanthranilic acid. The third phase was 
characterized by the progressive disappearance from 
the urine of all these metabolites. 

However, of the 10 children examined, one excreted 
with the urine only traces of the conjugates of 3- 
hydroxykynurenine and of kynurenine (Ry 0-1l- 
0:15), but never the other metabolites looked for. 
No significant difference in the excretory picture was 
found between breast-fed and hand-fed children, 
with the techniques used. 

Finally, 2 children were given L-tryptophan per os 
(the first child 150 mgm. and the second 400 mgm.) 
in single doses on the second, eighth and thirteenth 
day of life. Their urine was collected for 24 hr. after 
administration of the drug. In both subjects the 
dose given on the second day provoked high urmary 
excretion of L-tryptophan (detected on paper also 
with the xanthydrole reaction’), without the appear- 


640 


ance of any other metabolite in the urme. On the 
eighth and thirteenth day large quantities also 
appeared of kynurenme, N-c-acetyl-kynurenine, and 
3-hydroxyanthranilic acid. 

Our results could be, perhaps, explained by the 
variations during the first month of life of the renal 
threshold for tryptophan metabolites; or, more 
probably, by deficiency of the tryptophan--peroxidase 
activity during the first days of hfe. There should be, 
in succession, within the first month, activation of 
the tryptophan—peroxidase and of other enzymes 
which catalyse the conversion of the amino-acid into 
vitamin ; if this should happen, during the first days 
of life the synthesis of nicotinic acid from tryptophan 
would be completely, or at least partly, inhibited. As 
is already known, this metabolic route provides in 
the adult person the synthesis of some tissue pyridimic 
coenzymes’. 

S. AURIOCHIO 
E. QUAGLIARIELLO 
A. RUBINO 


Institute of Biochemistry 
and 
Department of Pediatrics, 
University of Naples. 
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Coenzyme A Content of Adipose Tissue 


ADIPOSE tissue, long considered an mert storehouse, 
has recently been shown to have mtense metabolic 
activity. In sprite of the importance of coenzyme A 
in. fat metabolism, the existence of coenzyme A 
activity had not been demonstrated in adipose 
tissue. The present communication does so and in 
addition directs attention to the differences in this 
respect between normal and obese animals and, among 
the latter, between animals with ‘regulatory’ obesity 
and animals with ‘metabolic’ obesity}.*. 

The mice used were hereditarily obese hyper- 
glycemic mice1*, approximately five months of age, 
weighing 51—71 gm., with a blood glucose ranging 
from, 175 to 301 mgm. per cent (av. 242); their thin 
litter-mates (weight 21-27 gm., blood glucose 82-130 
mgm. per cent, av. 93) ; and thin Irtter-mates in which 
hypothalamic obesity had been induced by an intra- 
peritoneal injection of goldthioglucose (crystalline 
aurothioglucose-G7’-7-D-7-11, Schering Corp., Bloom- 
field, New Jersey) (1 mgm. per 1 gm body-weight) 
two months prior to death (weight 44-58 gm., blood 
glucose 100-345 mgm. per cent, av 168)!-*. The first 
two groups were females, the goldthioglucose groups 
half males, half females (no sex difference n co- 
enzyme A-levels was noted). 

All animals were kept in separate cages at 26° C., 
under regular Jlumination, maintained on ‘Purina 
chow’. Food intakes were checked during the twenty- 
four hour period preceding death to ensure that 
animals were in the fed state. 

The coenzyme A assay method of Novellit was used. 
This technique is based on the 1 vitro acetylation of 
sulphanilamide in an artificially defined medium in 
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which coenzyme A is the limiting factor. The enzyme 
source is .a bicarbonate extract of a pigeon liver 
acetone preparation obtained from Cambridge Bio- 
chemicals. The animals were killed by a sharp blow 
on the head ; the abdommal fat was quickly excised, 
weighed, chilled and homogenized in ten volumes of 
iced water. The homogenate was boiled for 5 min., | 
cooled (ice bath), centrifuged (10 min. at 1,800 r.p.m.), 
the lipoid foam discarded and the supernatant stored 
at —4°C. until assayed. Dry weight was determined 
by the constant-weight method (80° C. oven); 
nitrogen. content (water-soluble) by alkaline nessleri- 
zation’ of an aliquot of the homogenate removed 
before the boiling using a 45-min. digestion with a 
modified Arnold—Gunning digestion mixture (sulphuric 
acid, 20 ml.; potassium sulphate, 10 gm.; copper 
sulphate, 0 1 gm.), followed by addition of alkaline 
Nessler’s solution (Fisher Scientific dil. 1:2 with 
10 per cont sodium hydroxide). Solutions are read 
at 420 mu. Results are given in Table 1. 


Table 1. COENZYME d LHVBLS IN ABDOMINAL Fat TISSUR OF ALOR 








Type of animal 
(number per group) 


45 +6 
0 (0) 

O TESE 02-8 

No obese litter- 26 -4-8 
mates (8) 


Goldthioglucose 
bese 






Figures after -+ are standard devnations. 


It was found that: (1) the coenzyme 4 is present 
in considerable amount in adipose tissue; (2) the 
coenzyme A activity per mgm. nitrogen is significantly 
greater in goldthioglucose obese mice than in non- 
obeserlitter-mates ; (3) the co-enzyme A activity per 
mgm. nitrogen is significantly greater ın the heredit- 
arily hyperglycemic obese than in non-obese htter- 
mates made obese by goldthioglicose adminis- 
tration. The last fact is in accord with the known 
extreme activity of adipose tissue in this syn- 
drome’. 

If values previously obtained for body composition 
in non-obese mice and mice with the two obese 
syndromes’ are accepted, and if it is assumed that the 
adipose tissue of the animals is homogeneous with 
respect to the coenzyme A concentration, the total 
coenzyme A content (Lipmann units) would be: 
non-obese 100-150 units, obese-hyperglycsemic ap- 
proximately 1,200 units and goldthioglucose mice 
600-700 units. 

An attempt was made to demonstrate the presence 
of the entire acetylation system (enzyme and co- 
factors as well as coenzyme) ın adipose tissue. The 
procedures of Lipmann’ and of Luukkainen? were used. 
No activity could be demonstrated m intact tissue 
‘cuttings’ or in ‘unfortified’ homogenates. Some 
activity was seen when’ a 10-vol. homogenate was 
incubated for 2 hr. with the ‘assay mix’ fortified with 
adenosine triphosphate prepared according to the 
coenzyme A method of Novellit. ~ 

This work was supported in part by grants-in-aid 
from the National Institutes of Arthritis and Meta- 
bolism (grant No. A-49), Public Health Service, 
Bethesda ; the Nutrition Foundation, New York; 
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and the Fund for Research and Teaching, Pecan 
of Nutrition, Harvard. 
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Control of Colour Change in Amphibians 


THE adaptation of colour in anurans to the back- 
ground is controlled by hormones. Direct innervation 
of the melanophores is of little or no importance in 
controling the degree of dispersion of the melanin- 
containing granules within the melanophores!. It 18 
generally agreed that a melanin-dispersing hormone 
18 produced in the pars intermedie of the hypophysis 
and that this hormone, intermedin, is responsible 
for the darkening of the skm. It 1s, however, con- 
troversial whether the paling upon transfer to a 
white, illuminated background is due to the dus- 
appearance of mtermedm from the blood, or to the 
secretion of a whitening hormone. 

Hogben et al. argue for the participation of a 
whitening hormone in the colour response to the 
background’. Their theory can be summarized as 
follows: light-stimulation of the ventral area of 
retina causes reflex liberation of intermedin ; light- 
stimulation of the dorsal area of the retina CAUSES 
liberation of whitening hormone. An amphibian 
(for example, Xenopus laevis on which most of their 
experiments have been made) kept on a black, light- 
absorbing background and iwWuminated from above is 
therefore dark due to liberation of intermedin. When 
transferred to a white, light-scattering background 
the animal becomes pale, because now both the 
ventral and dorsal retina are stimulated, and whiten- 
ing hormone secreted in addition to the intermedm. 
The whitening hormone should thus be capable of 
completely over-riding the melanin- -dispersing activity 
of intermedin.- The whitening hormone is assumed to 
be produced in the pars tuberahs of the hypophysis?? 
But also the adrenal medulla‘ and the pineal gland’ 
have been considered as sites of origin of a whitening 
hormone. 

In order to decide whether a whitening hormone 
does or does not participate m the normal control of 
the colour response to a white, Uluminated back- 
ground, we denervated the neuro-intermediate lobe 
in Bufo bufo and Xenopus laevis by cutting, in its 
entire width, the thin wall of the third ventricle 
which separates the neuro-intermediate lobe from the 
median eminence and infundibulum. In some 
operations, part of the neuro-intermediate lobe was 
extirpated ; in others the lobe was transplanted to an 
eye muscle. So in all the operations the structures 
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Table 1. MBGLANOPHORM INDEX IN Xenopus laevis ON ILLUMINATED 
WHITE OE BLACK BACKGROUND 


Melenopeee — 
ackgroun 
White Black 


Neuro-lntermediate 
lobe denervated 


Neuro-intermediate 
lobo denervated + 
partly extirpated 


alala lal Ralalela! 
Wapo | bO a co co 
OdD-tA | MOMS 
Dire to | occ 
vougu | Maan 


1 
2 
3 
4 
5 
8 
af 
8 


Average of five 
normal Xenopus 


KR 
ra 
a 
t 





supposed by Hogben et al. to control the liberation of 
the whitening hormone were left intact. The opera- 
tions exclude @ nervous regulation of intermedin 
secretion, whereas a nervous regulation of secretion 
of the whitening hormone should still be possble— 
provided the whitening hormone is not secreted by the 
neuro-intermediate lobe. If a whitening hormone 
is released into the blood stream when operated 
animals are transferred from a black to a white 
illuminated background, and if the secretion is 
inhibited on retransfer to a black background, such 
fluctuations in the rate of secretion might be detect- 
able by observation of the state of the melanin within 
the melanophores. 

Readings of the melanophore mdex were made 
according to Hogben. Melanophore index of 1 stands 
for maximally concentrated and of 5 for maximally 
dispersed melanin within the melanophores. The 
animals were kept for 24 hr. or more on the white or 
black background before the melanophore index was 
read. The background was changed repeatedly, 
mostly every day. In Tables l1 and 2 each melano- 
phore index represents the average of readings from 
six or more changes of background. 

It appears from Tables I and 2 that in seven out of 
eight Xenopus and in-twenty out of twenty-one Bufo 
the colour (melanophore index) was independent of 
the background during some weeks after operation, 
even when melanin dispersion was submaximal, that 
18, when secretion of ntermedin from the denervated 
neuro-intermediate lobe was submaximal. (Sub- 
maximal] dispersion of melanin tn vitro is produced by 


Table 2. 


AIMLANOPHORH INDEX IN Bufo bufo ON ILLUMINATED, 
WHITR OR BLACK BACKGROUND 







Afelanophors index. 
nee ound 























lack 
B.l 4'0 50 
B.2 43 34 
B8 49 5-0 
Bud 49 50 
Bb Denervatson of neuro- - 14 ii 
B.8 intermediate lobe 4'5 46 
B.T 88 $84 
B8 49 4-9 
B.D 1°8 8 4 
B 10—B 16* 8°3 8 8 








Denervation of nemo- 
mtermediate lobe + 
partial extirpation 


Transplantation of neuro- 
intermediate lobe 


A e of nine normal 
‘Bufor 






B.17—B.19* 







a readings of melanophore index on each toad on each beck- 
t B.1-B.9 before operation. 
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high concentrations of intermedin*. The submaximal 
dispersion of melanin frequently observed in operated 
animals was, however, not due to excess secretion of 
intermedin from the denervated neuro-mtermediate 
lobe, because injection of intermedin into such 
animals produced maximal dispersion of melanin.) 
It can therefore be concluded that if a whitening 
hormone is secreted in response to a white back- 
ground it is present in the blood in amounts too small 
to modify visibly the effect on the melanin dispersion 
of even small amounts of intermedin. Paling upon 
transfer to a white background must result from the 
disappearance of intermedin from the blood. The 
fact that two animals, X.4 and B.9, did respond to 
the background after the operation does not neces- 
sarily disprove this conclusion. The persistmg colour 
response can be due to incomplete denervation of the 
neuro-intermediate lobe. 

It is generally agreed that intermedin seoretion 
from the pars intermedia is controlled by inhibitory 
nerves, because lesion of hypothalamus or trans- 
plantation of the pars intermedia has been observed 
to darken the operated animal permanently’. We 
found, however, that the rate of intermedin secretion 
from a denervated neuro-intermediate lobe can vary 
from high to zero, as judged from the state of the 
melanophores. The toads especially operated during 
the breeding season were pale after the operation. 
The normal secretion of intermedin is therefore 
probably regulated by both inhibitory and secretory 
nerves. 
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HÆMATOLOGY 


Mı, a Subdivision of the Human Blood-Group 
Antigen M 


A ‘NEw’ antibody, anti-M,, has been found as a 
component in six out of twenty available human 
anti-M sera: in one of them practically all the 
antibody was anti-M,. No anti-M, could be detected 
in anti-M sera from eight rabbits and from one horse, 
nor in an extract of the seeds of [berts amara (which 
contains anti-M): nor could it be found in a wide 
range of other antisera. We are calling the antibody 
anti-M,, because in several ways it behaves like 
anti-A, of the ABO system and anti-P, of the P 
system. 

The corresponding antigen, M,, differs qualitatively 
from ordmary M. It is not merely strong M, because 
our two best anti-M, sera are insensitive to the greater 
amount of M known to be present in cells representing 
the genotype MM than in those representing the 
genotype MN ; and, conversely, because two anti-M 
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sera in our collection which are particularly sensitive 
to this ‘dosage’ difference make no distinction 
between M, and ordinary M. The Ss antigens 
do not appear to be playing a part in the M,-M, 
difference. 

Preliminary tests established that the antigen M, 
is commoner in Negroes than in Whites: they also 
showed that there is considerable variability in the 
strength of the antigen and that the classification 
of the weaker reactions may be left in doubt. Because 
of this difficulty we decided to confine the present 
report to classifications based on the results of rather 
laborious quantitative tests in which strictly com- 
parable cell samples were used. When better anti-M, 
sera are available we hope it will be possible to 
classify routine cell samples without using quantitative 
methods. 

Samples of blood from 32 New York Negroes and 
32 Whites were taken on the same day at the Knicker- 
bocker Foundation and sent by air to London. There 
they were tested against titrations of six sera con- 
taining anti-M and anti-M, in different proportions, 
and against titrations of three anti-N sera, one anti-8 
and one anti-s. The results given in Table 1 indicate 
that M, is about four times more frequent in Negroes 
than in Whites. 


Table 1. RESULTS OF TESTING SAMPLES OF BLOOD FROM 22 NAGRORS 
AND 82 WHITH PHOPLE WITH ANTI-AL, 


Negroes San 
M MN N >, M MN N 
Anti-M, + 3 6 0 2 0 0 
— 4 12 8 8 15 7 


A genetic background for these antigenic differences 
can be provided most simply by postulating three 
alleles, Mı, Af, and N, the approximate frequencies 
of which are: 


dy 
0-18 
0 03 


Negroes 
Whites 


Recembined, these figures give expectations in the 
five phenotype (six genotype) classes which agree 
very closely with the numbers observed in both the 
Negro and the White series. This, to say the least, 
does not contradict the hypothesis that two kinds of 
M alleles are responsible for the M,-M, antigenic 
difference; but we hope for more direct support 
when appropriate families can be tested. 

We wish to thank Dr. Gerald E. Fox and Sister M. 
Gabriel, O.S.F., of the Blood Bank, St. John’s 
Hospital, Springfield, Illinois, for sending the serum 
which first attracted our attention to the M~ 
difference. Other acknowledgments will be made 
in a more detailed account which will be submitted 
for publication elsewhere. 


J. A. JAOK 
Knickerbocker Foundation, Inc., 
300 West 43rd Street, 
New York 36. 
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Separation of the «- and §-Chains of Globins 
by Means of Starch-gel Electrophoresis 


THE investigation of the molecular weight and the 
electrophoretic behaviour of globins at pH 2—4 has 
led to a better understanding of the structure of the 
hæmoglobin molecule. At a pH less than 6 there is & 
progressive decrease of the molecular weight of human 
hemoglobin!. At pH 11 the value of the sediment- 
ation coefficient is 2-55, which points to a molecular 
weight of about 33,000 instead of 67,000, a value 
normally found’. 

In an indirect way, Singer and Itano* demonstrated 
that the dissociation at a low pH is asymmetrical. 
Moving-boundary electrophoresis at pH 11* leads 
to the assumption that the molecule is split into two 
identical halves’. 

Reichmann and Colvin‘ estimated a molecular 
weight of 18,000 at pH 2 for horse globin. From the 
electrophoretic behaviour of globin in acid medium, 
these authors were able to show that more than one 
component was present. 

Haug, Smith and Wilson},* were able to isolate two 
different components from horse globin, by fraction- 
ated precipitation with acid acetone, by moving 
boundary electrophoresis and by a chromatographic 
procedure at low pH. Hunt’, using the same chroma- 
tographic method, separated the «- and §-chains and 
the oa apd y-chains, respectively, of human adult and 
fostal globin. Hill and Craig? prepared the a- and f- 
chains by a counter-current distribution. procedure. 

This communication is a description of the 
separation of human adult and foetal globin in chains 
by means of starch-gel electrophoresis accordmg to 
Smithies®, in formate-buffer pH 1:9; u = 0-02. A 
potential of 120 V. was applied during 16 hr. Globins 
were prepared’? from the following hemoglobins : 
(a) normal adult; (b) chromatographically pure 4,4; 
(c) foetal purified by the alkali-denaturation method 
of Chernoff”. 

The electrophoretic pattern of adult globin (Fig. ld 
and e) demonstrates two fast-moving bands of almost 
equal intensity, and a third band with a smaller 
mobility. The fast-moving bands are the a- and 
A-chains of the globin ; this was proved in the follow- 
ing way. Globin was separated mto two fractions, the 
q- and §-chains, using the chromatographic method of 
Wilson and Smith’. After concentration the two 
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fractions were separately applied to the gel (Fig. lb, 

c). Fraction I («-chain) contains the slower of the 

HE aa bands while fraction I contains the faster 
and. 

The electrophoretic pattern of fetal globin (Fig. 
lf} compared with the pattern of adult globin (Fig. 
le) demonstrates that the a-chains have the same 
mobility. The mobilities of the B-chains, howover, are 
different. This result is in agreement with the recent 
findings of Hunt’. 

The nature of the slow band that is present in both 
separated fractions and in the unfractionated globms is 
not quite clear. It is possible that they are the result 
of agglorneration of single chains. Interesting in this 
respect 18 the presence of the same band in the 
electrophoretic pattern of globin of pure hæmoglobin 
A,. This excludes the possibility that it is due to the 
minor components present in the hemoglobin of an 
adult human individual. Further research on this 
third fraction is in progress. 

I am much indebted to Prof. J. H. P. Jonxis 
and Dr. T. H. J. Huisman for their advice and 
encouragement during this investigation. This work 
was supported by a grant from the Dutch Organization 
of Pure Research (Z.W.O.). 


C. J. MULLER 
Department of Paediatrics, 
University of Groningen. 
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Haptoglobin Types in Macaca irus 


We have examined the haptoglobin types! of ten 
Cynomolgus monkeys (Macaca irus, F. Cuv.). The 
serum pe este have been obtained from the Depart- 
ment of Virus Research, Karolinska Sjukhuset, 
Stockholm. The monkeys were not born in captivity, 
but were all captured from wild populations. 

The sera were examined by starch-gel electro- 
phoresis, using the discontmuous buffer system 
described by Poulik*, Haemoglobin from the monkeys 
was added to the sera prior to electrophoresis, and the 
resultant gels were stained with benzidine and amido- 
black. 

The resulting protein patterns were, as expected, 
simular to human serum protein patterns. Two 
different hzemoglobin-binding serum protein patterns 
were observed. Double runs revealed that the two 
patterns were identical with the Hp 1-1 and Hp 2-1 
types found m man. Three of the ten individuals had 
the Hp 2-1 type. It was noted that the Hp 2—1 types 
had a much heavier concentration of haptoglobin in 
the fastest zone compared with the ordmary human 
Hp 2-1; m other words, it resembled the Hp 2-1 
(mod), cf. Giblett?. 

Arends and Rodriguez‘ have examined the sera 
from 27 monkeys (23 Macaca mulatia, 1 Macaca irus 
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and 3 Cebus nigrivittatus). All the monkeys were 
found to have type Hp 1-1. The authors suggested 
that this might be a phylogenetically significant 
finding, should future mvestigations confirm that 
monkeys have only one type of haptoglobin. 

The slow-migrating zones of our three hetero- 
zygotes were very weak. Such weak types may be 
overlooked and classified as Hp 1-1, especially as the 
fastest zone 18 very strong. 

The findmgs by Arends and j t and our 
distribution (seven Hp l-l and three Hp 2-1) 
indicate that the frequency of the Hp-1 gene may 
be high in monkeys. It is then quite reasonable that 
no Hp 2-2 type has yet emorged. 

It is known also that African Negroes have a high 
frequency of the Hp-l gene (refs. 3, 5). Hence this 
gene might have a selective advantage in tropical 


areas. 
We wish to thank Prof. 8. Gard, of Stockholm, for 
supplying us with the serum samples. 
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A Re-Evaluation of the Clotting Time of 
Chicken Blood 


THE blood coagulation mechanism of the chicken 
appears to differ greatly from that of mammals, in 
that its clotting time can exceed 1 hr. Recent litera- 
ture assumes the chicken to have a blood-clotting 
time in a range similar to the higher mammals. 
Dukes! quotes Amendt (1922) as finding this to be 
4:5 min. ; Johnson and Connor? found an average of 
6 min. 21 sec. with a range of I-14 min.; while 
Didisheim et al.? query their recorded time of 9 min. 
in glass and 10 min. with siliconized equipment at 
37°C. Howell‘, however, in 1909 infers that it is 
common knowledge that the blood of birds, terrapins 
and horses clots slowly. In 19405 he indicates that 
prolonged clotting time of hours or days in lower 
vertebrates (birds, reptiles and fishes) is due to the 
lack of ‘‘thromboplastic substance” within the vessels 
while prompt clotting is brought about by an active 
‘““thromboplastic tissue extract’. 

In a preliminary determination of clotting times on 
fifteen chickens using the Lee and White method‘ 
with plastic or siliconized glass syringes, a range of 
1-5~30-0 min. was found at 42°C. It was observed 
that the negative pressure of the syringe caused a 
‘fluttering’ of the fragile vein against the bevel of the 
needle and that the greater the degree of ‘fluttermg’, 
the shorter was the clotting time of the blood. It was 
assumed from this that the trauma caused by the 
vein striking the needle released tissue thrombo- 
plastin which hastened clotting. 

Blood from thirty-seven caged laying hens of three 
different breeds (Leghorns, Light Sussex and White 
Rocks) was collected utilizing precautions to minimize 
the release of tissue thromboplastin. This was done 
by venipuncture with No. 20 siliconized B-D vacu- 
tainer needles only. No syringe was used, the blood 
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CHrt wom om 43 


145156 1765 
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Blood clothing times (min.) 
Fig. 1. Distnbution of blood clotting times of thirty-seven chickens 


being allowed to flow directly into 13 mm. X 10 cm. 
Kimble glass tubes by very slight digital pressure on 
the superior portion of the brachial vein. Needle 
movement within the vein was minimized. Clotting 
times varied from wing to wing, also between the 
two tubes from each wmg; the longest for each bird 
ranged from 13 to 180 min. with a mean of 69-25 min. 
(S.D. 36-6) (Fig. 1). 

Native blood was also timed with a stop watch 
following the addition of (1) 0-1 ml. of chicken brain 
thromboplestin prepared by the acetone dehydration 
method of Quick’ and (3) 0-1 ml. of chicken thrombin 
(full strength) made by the technique described by 
Biggs and Macfarlane’. The results are summarized 
in Table 1. 


Table 1. AGULATION TOSE AT 42° C. oF CHICEHN BLOOD YTA AND 


Oo 
WITHOUT ADDED THROMBOPLASTIN OR THROMBIN 
Oontrol Lee-White 
clotting timo (min.)} 
70 
64 & 


Material added | Clotting time 


(se¢.) 
18 4 
(11-17 8) 
80 8 
(19-50) 


Chicken 
thromboplastin 

Chicken 
thrombin 





These observations tend to confirm those of 
Howell4,® and indicate: (l) that the blood of the 
birds tested had generated very little plasma thrombo- 
plastin ; (2) that the chicken has an efficient blood- 
clotting mechanism, but that it relies on an active 
tissue thromboplastin rather than plasma thrombo- 
plastin as do mammals; (3) that the shorter clotting 
times noted here and by other authors may have been 
due to action by vein wall tissue thromboplastin. 

The apparently delayed action of the chicken 
thrombin in Table 1 is under investigation, <A 
comparison of clotting times at 37°C. and 42°C. 
revealed only a slightly longer time at 37°C. 

The assistance of Drs. Ballantyne and Carlson, 
Messrs. Delbeoq and Bacle and Miss Ohlman of the 
Veterinary Services Branch, Alberta Department of 
Agriculture, is acknowledged. 
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University of Alberta, 
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HISTOLOGY 


Neurokeratin Network of the Peripheral 
Nerve Fibre Myelin Sheath as a Centre of 
Metabolic Activity 


THe neurokeratin network has long been regarded 
* by histologists as a fixation artefact ; it is figured as 
such in papers and text-books. Sometimes it is 
shown as irregular bands radiating through the 
myelin sheath to the neurilemma, sometimes as a 
network particularly at the surface of the fibre or 
around the axon. : 

However, if fresh unfixed nerve fibres are studied 
under the interference microscope, an indication that 
similar structures are present can be seen, which 
suggests that a network-like structure may be present 
in the living nerve. Investigations of cryostat sections 
of unfixed nerves in both transverse and 
longitudinal section indicated that this network is 
actually in the form of hexagonal prisms which have 
one end on the axon and radiate out through the 
myelin sheath to the neurilemma. The longitudinal 
faces of these prisms take the form of bands seen 
radiating through the myelin in transverse and medial 
longitudinal sections of nerve. The application of 
Baker’s acid hematin technique showed that these faces 
give a positive phospholipid reaction, and osmium- 
fixet serve, if extracted with turpentine, shows that 
the osmium tends to be retained on the faces of the 
prisms but is extracted from their interiors. Since 
electron microscopists simply stain overall with 
osmium tetroxide, perhaps this is why this network 
has not been described in electron microscope studies 
of the nerve fibre. On the other hand, the performic 
acid—Schiff reaction which is claimed to demonstrate 
unsaturated fats gives a reaction in the spaces which 
constitute the interior of the prisms. Mitochondrial 
preparations (Regaud and Schridde methods) of the 
nerve fibre show that a few bodies giving a positive 
stain for mitochondria are present in the axon, a 
number are found around the periphery of the axon 
and a number are found among the lipid (probably 
lipoprotein, also giving a positive reaction with these 
techniques) which forms the faces of the hexagona] 
prisms—no such bodies are found in the interior of 
these prisms. Adenosine triphosphatase preparations 
of fresh unfixed nerve demonstrate that this enzyme 
is localized in the myelin sheath in the same place as 
the mitochondrial reaction (that is, in the faces of the 
hexagonal prisms) and that every phosphate ester 
{about 20 were tried, including creatine phosphate) 
used as a substrate was dephosphorylated at the 
same sites as adenosine triphosphate. Acid phospha- 
tase, on the other hand, was localized exclusively 
in the axon with the incubation times used. No 
adenosine triphosphatase or other enzyme activity 
was observed in the nodes of Ranvier. Studies on 
oxidative enzymes demonstrated that cytochrome 
oxidase and succinic dehydrogenase were also located 
in the same areas as the adenosine triphosphatase. 
Furthermore, we have also demonstrated that 
specific cholinesterase is located in and around the 
axon, and non-specific cholinesterase is located in the 
faces of the hexagonal prisms. 

The ‘neurokeratin’ network thus not only appears 
to be present in unfixed nerve but also to be a locus of 
major metabolic activity. The space within the 
neurokeratin network, although it contains lipid and 
ether- and aleohol-soluble material, gives no reaction 


%4 





in hexagonal 
network, On the right of the fibre the plane of section passes 
through the myelin sheath and the faces of the hexagonal prisms 
are shown as adenosine triphosphatase-positive bands radiation 


from the axon to the neurilemma. The node of Ranvier can be 
seen to contain no adenosine triphosphatase activity. (Pre - 
tion and photograph by David G. Shand) (x 1,050). 2, Mi - 
chondrial preparation (Regaud’s method) of myelinated nerve 
of rat. Transverse section. The reaction can be seen to be 
localized in bands which represent the faces of the hexagonal 
prisms (= 1,050). 3, ge ge preparation (Baker's method) 
of longitudinal section of myelinated nerve of rat. At the 
top of the figure the hexagonal appearance of this reaction 
(surface view) can be seen and further down, where the myelin 
sheath has been cut, the positive faces of the hexagonal prisms 
in the myelin sheath are visible (x 1,050). 4, Cytochrome oxid- 
ase preparation of a cryostat section of a transverse section of a 
single unfixed untreated nerve fibre of rat showing the reaction 
in the form of bands (the faces of the hexagons) radiating out 
from the axon to the neurilemma (x 2,100), 5, McManus sudan 
black B stain for compound lipids. Transverse sections of nerve 
fibres of rat. The reaction can be seen to extend in bands radiating 
out from axon to neurilemma ( 1,050 


with the mitochondrial techniques and contains no 
dephosphorylating or oxidative enzyme activity. 
Fig. 2 is an artist’s impression of the arrangement of 
the metabolically active hexagonal prisms in the 
myelin sheath. It can be seen from this how either 
transverse or longitudinal sections of the nerve 
fibre will show the faces of the prisms as bands 
radiating out from the axon to the neurilemma and 
how, according to the point of section, some of the 
bands will appear thick and others thin. The faces 
of these prisms contain phospholipid, mitochondrial- 
like lipoprotein, adenosine triphosphatase, creatine 
phosphatase and a spectrum of other phosphatases, 
cytochrome oxidase, succinic dehydrogenase, and 
non-specific cholinesterase. 

The possibility that these reactions are artefacts 
due to freezing, handling or other manipulation has 
been carefully considered. We feel that the results 
of our interference microscope studies indicate, 


: 4 — : 


Fig. 2. 

sheath ; 

surface of the nerve: D, face of hexagonal prism as seen in 
transverse section of nerve 





A, Canal normally occupied gf the axon; B, neurilemmal 
C, end-on view of faces of hexagonal p seen from 


though not with absolute clarity, that some structure 
similar to what we have described may be present 
in the fresh nerve. Furthermore, our adenosine 
triphosphatase, cytochrome oxidase and succinic 
dehydrogenase reactions were carried out on fresh 
nerve which was simply removed from the animal 
and dropped straight into the substrate solution. 
However, all these processes have involved some 
handling and to compensate for this we have exposed 
the sciatic nerve in a living, anwsthetized rat without 
touching or stretching it and dropped buffered osmium 
tetroxide directly on to it as if we were preparing 
the material for electron microscopy. After the 
nerve had been well fixed in situ, it was removed, 
given further fixation in osmium tetroxide, sectioned 
and the sections were then extracted with turpentine 
and diacetin—we were able to bring up the neuro- 
keratin network in the form described in this com- 

unication. We feel, therefore, that the evidence 
or the in vivo existence of such a network is 
strong. 

It is perhaps inappropriate to speculate on the 
significance of this structure at this time ; but perhaps 
we should mention that if the efflux of sodium and 
influx of potassium through the myelin sheath itself 
is important to nerve function and maintenance of 
membrane potentials, the faces of these hexagons 
are admirably adapted for this purpose. Conway’? 
has suggested a redox system for the active transport 
of sodium ions by adsorption of these ions on to a 
catalyst molecule. The present work suggests that 
the catalyst molecules may be phospholipid, and it is 
of interest that Conway* has himself suggested that 
this may be so. Creatine phosphatase, adenosine 
triphosphatase and oxidative enzymes as required by 
Hodgkin‘ for his ion-pump mechanism are also present 
in these faces and their possible relationship to the 
physiology of the nerve fibre should therefore be 
carefully considered. . 

In the interpretation of these findings we have not 
taken into account the lamelle which electron 
microscopists have described in the myelin sheath, 
although it is possible from our osmium tetroxide 
results that there is simply a stronger binding between 
the lipid and the protein components of the lamellae 
in the regions which we have described as the faces 
of the hexagons. Nerve fibres from the following 
animals were used in this study: frog, mouse, rat, 
cat, dog and human. 
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The work will be published in detail elsewhere. 
It was carried out under grant B-1914 from the 
National Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service. 

Note added April 20. While this communication 
was in the press Wolfgram and Rose’ have demon- 
strated the presence of alkaline phosphatase, 5-nucleo- 


tidase (confirming the previous observations of ° 


Beckett and Bourne*) and adenosine triphosphatase 
in the neuro-keratin network and Koenig’? has 
demonstrated the lipoprotein nature of the network. 
H. B. TEWARI 
GEOFFREY H. BOURNE 
Department of Anatomy, 
Emory University, 
Atlanta 22, Georgia. Oct. 14. 
i Conway, E. J., Physiol. Rev., 37, 84 (1957). 
? Conway, E. J., Internat. Congr. Physiol. Soc. (1959). 
3 Conway, E. J., Int. Rev. Cyt., 2, 419 (1953). 
* Hodgkin, A. L., Internat. Cong. Physiol, Buenos Aires (1959). 
* Wolfgram, F., and Rose, A. S., Neurology, 10, 365 (1960). 
* Beckett, E. B., and Bourne, G. H., J. Neuropath. and Exp. Neurol., 
17, 199 (1958). 
* Koenig, H., J. Neurochem., 4, 93 (1959). 


PATHOLOGY 


Effect of Antibody and Complement on 
Volume Control in an Ascites Tumour Cell 


WHEN Krebs mouse ascites tumour cells are 
exposed to the action of rabbit antibodies and 
complement, the permeability properties of the cells 
are altered in such a way as to permit rapid equili- 
bration of small molecules and ions between the 
interior of the cells and the medium?. This deprives 
the cells of the ability to regulate their internal cation 
concentration, which is necessary for normal control 
of cell volume (ref. 2 and Tosteson, D. C., and Hoff- 
man, J. F., personal communication). As a result, the 
cell volume then responds passively to whatever 
colloid osmotic pressure difference exists between the 
cell interior and the medium. In ordinary media, the 
colloid osmotic pressure of which is lower than that 
of the cells, the cells take in water*,*. As they swell, 
they lose protein and ribonucleic acid to the medium’, 
probably until the colloid osmotie pressure inside the 
cells is reduced to that of the medium, when cell 
volume is stabilized at a new value. 

Fig. 1 shows the result of an experiment in which 
rabbit anti-tumour y-globulin and complement 
(fresh rabbit serum) were permitted to act on a 
washed suspension of ascites tumour cells in a 
bicarbonate-buffered balanced physiological salt sol- 
ution containing varying concentrations of crystalline 
bovine serum albumin (Armour). After 15 min. 
incubation, a measured aliquot of suspension was 
placed in a graduated capillary sedimentation tube® 
and centrifuged at 5507 for 30 min. at 0°. In the 
absence of added albumin, the antibody-complement 
treated cells swelled freely, as indicated by an increase 
of nearly threefold in packed cell volume. At 
increasing concentrations of albumin the swelling of 
the cells was progressively reduced, and at concen- 
trations in excess of 110 mgm./ml. the cells were 
actually smaller than the controls. The volume of the 
control cells was practically insensitive to changes in 
albumin concentration, whether antibody was present 
or not. In most experiments, however, there was a 
slight increase in packed volume at high albumin 
concentrations, but this was probably due to poorer 
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“Bgl. Effect of albumin. concentration on the packed volume 
of tumour cells treated with antibody plus complement, 
To flasks containing 0-90 mil. of bovine albumin solutions of 
oo Warying concentration were added 0°15 mil. immune rabbit 
y-globulin (68 mgm./ml.), and 0-15 ml. washed cell suspension 
Bed w 10" cells/ml). To the experimental series 6°30 ml. 
C rabbit complement was then added and to controls 0:30 ml. of heat- 
oo inactivated complement. After 15 min, incubation at 37°, while 
.. gently shaking in a water-bath, 1-0 ml, aliquots from each flask 
co oware placed in. graduated career’ centrifuga tubes (ref. 5) and 
ates centrifuged, i 
1D, Cells incubated in presence of antibody plus complement ; 
@. cells incubated in presence of antibody plus inactivated 
complement 
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_ packing of the cells in the denser and more viscous 
medium. 

<c The decrease in the packed volume of the antibody- 
complement treated cells with increasing albumin 
concentration is not due to inhibition of the action of 
` antibody and complement on the cells, since at 
high albumin concentrations the volume of these 
cells fell below that of the controls. Moreover, 
“measurement by flame photometry of the potassium 
-Jons remaining in the packed cells showed a constant 
Joss from the treated cells of most of their potassium 
ions over the whole protein concentration range, 
“demonstrating that the antibody and complement 
had acted on the cells'. 

~ It appears from Fig. 1 that the colloid osmotic 
pressure of the cells is equal to that given by a 
solution containing 110 mgm./ml. serum albumin 
‘plus the proteins of the complement and immune 
y-globulin. Assuming that globulins contribute half 
- as much to the osmotic pressure as does albumin, the 
total colloid osmotic pressure would be equivalent to 
~ that of an albumin solution of about 130 mgm./ml. 

_ Packed cell volume in these experiments was 
“measured after 15-min. incubation. If, however, 
cells in albumin concentrations even higher than 









It appears, therefore, that for cells which are able 
to regulate their cation concentrations, cell volume. 
is not detectably sensitive to changes in the albumin. 
concentration in the medium, for the osmotic presst 
contributed by even the highest albumin cone 


tration examined, 2-3 x 10-* M, is negligible com- 
pared with that of the regulated cations. These cells o 
are, of course, shrunk by relatively high molar... 
concentrations of sucrose (0-5 M), to which the cell- 


membrane is also impermeable. On the other hand, 
cells acted on by antibody and complement are not 
shrunk by sucrose, for the cell membrane becomes 
freely permeable to small molecules and ions!. For 
the same reason, these cells act as osmometers 
responding passively to the osmotic pressure of those 
macromolecules which are sufficiently large so that 
they cannot pass through the altered cell membrane. - 

H. GREEN 

F. SInvERBLATT 

Department of Pathology, 
New York University-Bellevue Medical Center, 
New York. 
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t Goldberg, B., and Green, H., J. Exp, Med. 109 505 (1059). 
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Changes in the Deoxyribonucleic Acid 
Content of Mouse Sarcoma 37 Cells 
following Serial Irradiation 


CHANGES in the deoxyribonucleic acid content of 
human tumour cells following irradiation have been 
reported by Richards and Atkin! and Atkin, Richards 
and Ross’. There exists strong evidence in support 
of a positive relationship between modal deoxyribo- 
nucleic acid content and the degree of ploidy ; this 
has been discussed by Atkin and Richards*, and 
Richards and Atkin‘. This communication reports _ 
changes in content of deoxyribonucleic acid in the | 
mouse sarcoma 37 following serial irradiation. J 

The tumours selected for study were taken from 
untreated control transplants and from the twentieth © 
untreated sub-line passage of the twelfth stage of- 
the serially irradiated line (B12). Although the 
irradiated line at this stage varied from the control 
with respect to histology and cytology, no subsequent 
variations occurred during sub-line passages. Details 
of the techniques employed in establishing the irra- 
diated line have been given elsewhere’. Smears of- 
isolated cells from the cortex of actively growing 
tumours were prepared as described by Atkin and 


Richards’. The amount of deoxyribonucleic acid in 


individual cell nuclei was estimated. by. microspectro- 







photometry of Feulgen stained material. Two 
tumours from each group were used; 72 cells were 
measured in each of one pair (Fig. 1 ind C) and 45 
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Fig. 1. Measurements of deoxyribonucleic acid in cells of sarcoma 
87 and its serially irradiated line B12, Shaded regions, leucocytes ; 
unshaded regions, tumour cells 
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cells in the second (B and D). In addition, 14-20 poly- 
morphonuclear leucocytes and lymphocytes were 
measured from each tumour preparation to provide 
a modal value corresponding to the diploid level 
(the / value). 

The results of these measurements are shown in 
Fig. 1 in the form of histograms having 10 classes 
between the 2/ and 4/ values. Control tumours 
exhibited a primary mode in the tetraploid region 
with an extensive spread to the hyperoctoploid 
region. Irradiated line tumours exhibited a primary 
mode corresponding to a triploid condition with a 
less extensive spread towards higher values than was 
found in control tumours. 

It is apparent that the modal deoxyribonucleic 
acid value of the irradiated mouse tumour line 
differed from that of the unirradiated control. 
Radiosensitivity comparisons between the two lines, 
however, indicated that no changes had occurred in 
the tumour lethal dose; at lower dose-levels, an 
increased radiosensitivity was apparent in the 
irradiated line*. It seems, therefore, that the changes 
observed cannot be correlated with the acquisition 
by the irradiated line of radioresistant characteristics. 
In this connexion it is of interest that serial observa- 
tions on the content of deoxyribonucleic acid of two 
human cervical carcinomata, which responded poorly 
to radiotherapy, strongly suggested the emergence 
following treatment of a stable radioresistant cell 
strain having in both cases a triploid deoxyribonucleic 
acid content from what was originally a mixed popula- 
tion’. The accumulated data on human uterine 
tumours',? show that there is no clear-cut correlation 
between ploidy-level and response to radiotherapy, 
although near-diploid tumours appear to give rise 
to fewer local recurrences than do those with higher 
modal values of deoxyribonucleic acid. 
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Our thanks are due to Mr. D. Doxey for assistance 
with the preparation of cell smears. The deoxyribo- 
nucleic acid measurements were made in collaboration 
with Dr. B. M. Richards, at the Wheatstone Physics 
Laboratory, King’s College, London. 

The expenses of this research were defrayed from 
a block grant by the British Empire Cancer Cam- 
paign. 

A. E. G. PEARSON 
N. B. ATKIN 
Department of Experimental Pathology, 
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BIOLOGY 


Nuclear Morphology of Human 
Spermatozoa 


Turs communication concerns observations on 
dried, unstained smears of human spermatozoa in 
phase contrast. These were made in an attempt to 
gain more insight into the basis for the Rndwn 
differential in conception and birth sex ratios. 

Spermatozoa from forty men were studied. 
smears were allowed to dry. Observations became 
clearer with increase in extent of drying. The dry 
phase objectives and condensers were used. Oil 
immersion and wet preparations in seminal fluid did 
not permit observation of nuclear detail, that is, the 
chromosomes accentuated their own visualization in 
phase contrast in the dried state. A Zeiss phase- 
contrast microscope with built-in accessory scope was 
used. A Leica camera with ‘Ibso’ attachment and 
‘Microfjle’ film was employed. 

Under these conditions, lying horizontally, the 
spermatozoan heads fell into two distinct populations 
(Figs. 1-3). There were no intermediate types. 
Reflexion of light was different for the two kinds 


Thin 





Fig. 1. 


Dried, unstained smear of human spermatozoa in phase 
contrast. ( 640) 
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Fig. 2. Dried, unstained smear of human spermatozoa in phase contrast. (x c. 750) 


(Figs. 1 and 2). The smaller-headed spermatozoa con- 
tained g centrally located, rounded mass, whereas the 
larger-headed ones had an elongated mass, centrally 
located. These masses lay anterior to, and in line 
with, the axial filament of the mid-piece. There was a 
definite, constant pattern of nuclear content in each 
type, conforming in outline to the respective, most 
central chromosome (Fig. 3). In the smaller-headed 
spermatozoa the nuclear material was arranged with 
circular concentricity ; in the Jarger-headed ones, 
the nuclear material had an elliptical or ovoid con- 
figuration. The pattern of arrangement remained 
characteristic and recognizable for each of the two 
types of spermatozoan heads, in front and side views 
and while varying the focus. The nuclear contént of 
the larger-headed spermatozoa was less compact ; 
consequently more detail was seen at different focal 
levels here. In one head of this type three observers 
counted independently 18 discrete chromosomes at 
different focal levels. With proper combination of 
condenser and dry objective the difference in dif- 
fraction of light by the chromosomes markedly 
enhanced their visibility, as though they were 
stained differentially. This made it possible to 
photograph them in colour. 

The most centrally situated chromosome in each 
type of nucleus possessed the exact size and shape 
relationships of the X and Y chromosomes previously 
observed in the primary and secondary spermato- 
cytes at metaphase in meiosis (Fig. 3). 





Fig. 3. Dried, unstained smear of human spermatozoa in phase 


contrast. (x 1,000) 
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Even though the characteristics 
were remarkably constant for the 
two types of spermatozoan heads 
within a given specimen, the 
overall head-size varied from in- 
dividual to another. In some 
donors the respective head-sizes 
were twice as great as in others. 
Even though actual percentages 
were not ascertained for each 
type in each specimen, it was 
readily noted that the ratio was 
not the same in all specimens, 
and that there was a preponder- 
ance of the smaller-headed sperm- 
atozoa in each specimen. Further 
observations are being made on 
the ratio of the two kinds in 
a large number of specimens and 
in varied circumstances. 

Any differential in migratory 
rate of the two kinds of sperm- 
atozoa can now be i cei 
with ease by means of the . 
ilary tube method’. This is 
now being studied. With the 
two distinct types now recog- 
nizable, the efficacy can be checked of attempts 
to separate the X- and Y-chromosome-containing 
spermatozoa. 

In summary, viewed in phase contrast, dried, 
unstained spermatozoa fall into two distinct popu- 
lations regarding head and nuclear size, shape, 
diffraction of light and chromosomal pattern. With 
knowledge of the behaviour of the sex chromosomes 
at metaphase of the meiotic division of the primary 
and secondary spermatocytes, the relative sizes and 
shapes of the chromosomes in the centre of the 
spermatozoan nuclei indicate that the smaller heads 
contain the FY- and the larger the X-chromosome. 

LANDRUM B. SHETTLES 
Department of Obstetrics and Gynecology, 
College of Physicians and Surgeons, 
Columbia University, and the 
Sloane Hospital for Women, 
New York City. 


* Shettles, L. B., Proc. Soc. Exp. Biol. and Med., 45, 318 (1940). 


Dependence of the Sex Ratio at Birth on the 
Age of the Father 


RECENTLY I have attempted to develop a general 
theory of ageing applicable to mammals'. This 
theory assumes that, during the life-time of the 
animal, whole chromosomes, which are contained in 
the somatic cells, suffer a total loss of function in a 
single random event. It further assumes that the 
probability of such an event remains constant 
throughout life-time and that it is the same for all 
individuals of a given species. 

From the American life-tables I have derived, on 
the basis of the theory, the frequency with which 
such random events occur in man and found that on 
the average one chromosome, of the haploid chromo- 
somal set of the somatic cell, suffers such a ‘hit’ in 
about twelve years. If we assume that this holds 
also for the spermatogonia in man, we should then 
expect that the ratio of boys and girls, at birth, 
decreases appreciably with the age of the father. 
This conclusion is based on the following notions : 
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We may assume that any ‘eel of he male bec omes 
« _ non-functional if tho X chromosome for ‘which the 
` cell is hemizygous suffers an ageing hit, that is, the, 


absence of a. x chromosomes i8 lethal for the 






E o ; the i 
s one X chromosome ey no Y nee and pres 
E : aH 5 syndrome. 








mau ersan ageing hit, then Ee cell is da nead: 
-Y chromosome in a spermatogonium suffers an 
geing hit, then the cell remains fully functional and 
will give rise to spermatozoa, but only to spermatozoa 
which contain an X chromosome. 

The length of the Y chromosomes amounts to 
about 2 per cent of the total length of the haploid 
set of the autosomes? and on this basis we may 
perhaps assume that an average of 2 per cent of the Y 
chromosomes, of the spermatogonia suffer an ageing 
| n a.12-year period. 
assume that some spermatogonia are lost 
es other than ageing and are replaced by 
spermatogonia undergoing divisions. Then if 
spermatogonia which lack a functioning Y chromo- 
some divide atthe same rate as spermatogonia which 
carry a functioning Y chromosome, the ratio, at birth, 
of boys and girls would decrease by 2 per cent for a 
12-years increase in the age of the father, and by 
4 per cent for a 24-years increase. However, if the 
spermatogonia which lack a functioning Y chromo- 
some undergo divisions at a somewhat lower rate, 
then the ratio of boys and girls would, initially, 
decrease with the father’s age at the rate quoted 
above, but the ratio would approach a fixed value 
with increasing age of the father. 

One may compute on the basis of birth data? for 
the United States, 1955, the dependence of the ratio 
of boys and girls on the age of the father. For the 
age-group of the father indicated and for the sample 
sizes——for boys alone or girls alone——given in brackets, 
the ratios are as given in Table 1. 








Table 1 
: 13-10 yr. (~ 46,000): 10867; 20-24 yr, (~ 410,000): 105-7; 
i 25-29 Vr. z 696,000): 105-0; 80-34 yr. {~ 440,000): 105-0; 
 8B-39 yr, (~ 250,000): 105-0 ; 40-44 yr. (~ 120,000): 104-1: 


45-49 yr. (~ 45,000}: 108 °6 


These data do not take into account the age of 
the mother, and there is, of course, a strong cor- 
gelation between the age of the father and the age of 
the mother. What one would want to know is the 

dependence of the sex ratio at birth on the age of the 
~ father, for a fixed age of the mother. However, if one 
_ . tabulates the available data on this basis the sample 
izes become too small. 
From the data given in Table 1 it would appear 
a. that the ratio of boys and girls does fall with in- 
- -ereasing age of the father. It will not be possible, 
~~. however, to draw conclusions which are relevant 
from the point of view of the theory until the data 
based on larger samples become available. 
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Neuro-Muscutar amman in the 
Earthworm 





NEURO-MUSCULAR transmission was investigated 
in the earthworm, Lumbricus terrestris, by stimulating 


=a segmental nerve with maximal shocks and recording 


the electrical responses from the surface of the 
longitudinal muscle. 

A single action potential was recorded to each 
shock, and from latent period measurements it was 
caleulated that conduction velocity in the motor 
neurones was of the order of 0-4m. per sec. This 
slow velocity suggests that, unlike the ‘situation in 
Myxicola’ and certain other polychaetes?, there are 
no rapidly conducting giant axons in the segmental 
nerves of Lumbricus. 

At frequencies greater than 1 per sec. the first muscle 
potential was found to be consistently smaller than 
subsequent ones (Fig. 1). In a very few preparations 
there was a gradual increase. in size over the first 
three responses. In greatly fatigued preparations the 
response to the first shock was much reduced, though 
never completely absent, and the difference between 
the first and second responses,particularly marked. 
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Fig. 1. Lembricus terrestris: longitudinal muscle potentials in 
response to repetitive stimulation of segmental nerve at three 
shocks per sec, Tracing of original oscillograph record. Each 
potential preceded by upward-projecting stimulus artefact 


If the frequency of stimulation is gradually 
increased the size of the muscle potentials also 
increases. For example, in one preparation (Fig. 2) 
the segmental nerve was stimulated initially at just 
less than one shock every 2 sec. and the approximate 
height of the muscle potentials, measured from the 
oscillogr aph trace, was 7-5mm. The frequency was 
then increased to 3 per sec. and the muscle potentials 
rose to 13mm., being maintained at about this 
height until after several seconds the frequency was 
deereased again. 
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Fig. 2. Lumbricus terrestris: longitudinal muscle potentials in 


response to repetitive stimulation of segmental nerve at gradually 
increasing frequency. Tracing of original oscillograph record. 
Each potential preceded by upward-projecting stimulus artefact 


With prolonged repetitive stimulation the 
potentials, after being maintained for a short while, 
undergo a gradual decline in magnitude, the number 
of shocks required to induce fatigue depending on the 
frequency of stimulation and the freshness of the 
preparation, 
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Determination of Physiological Age for 
Female Glossina morsitans 


RECENTLY, considerable attention has been paid 
to a method of determining the physiological age 
of female insects of economic importance by the 
appearance of the ovarioles after ovulation. This 
method, which was originally worked out by Soviet 
entomologists'* for Anopheles, and has since been 

extended to other blood-sucking Diptera, depends 
upon the recognition of the number of follicular 
relics (‘corpora lutea’) appearing as dilatations of the 
follicular tubes. Each dilatation represents the relic 
of a single egg follicle and is evidence of a gonotrophic 
cycle. If the duration of the cycle is known it is 
possible to calculate the calendar age of the female, a 
factor of great practical application in determining 
the epidemiological importance of populations of 
insect vectors or the degree of success of control 
programmes. In the laboratory, Bertram and 
Samarawickrema® recognized Mansonioides uniformis 
which had completed five gonotrophic cycles by the 
presence of five dilatations in the follicular tubes. 
A study of the ovarioles of Glossina morsitans after 
ovulation has been made, and it is suggested that a 
similar method of determining the physiological age 
of female tsetse flies should be possible. 

Each ovary of G. morsitans consists of two poly- 
trophicgovarioles, each at a different stage of develop- 
ment*. Only one egg matures at a time, and a sequence 
of ovulation occurs so that the first and third eggs 
are ovulated from the right ovary and the second and 
fourth eggs from the left ovary. Subsequent eggs are 





Fig. 1. Ovariole of Glossina moresions, immediately after ovula- 
n of egg. g, Germarium remains of the nurse cells ; 
eft, expanded “follicular tube 
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ay 2. Ovariole of Glossina morsitans, six Cays after ovulation. 
, Germarium ; f2, first signs of second Srg fo ollicle pereouns 
in tl the germarium ; f1, remains t follicle 


produced from each ovariole in a continuation of the 
same sequence. 

Immediately after ovulation the follicular tube of 
the ovariole, which has been greatly stretched to 
accommodate the mature egg, is an open 
sac which retains the remains of the nurse eells and 
the follicular epithelium (the follicular relie) (Fig. 1). 
In the next few days the follicular tube begins to 
contract and the follicular relic is passed out of the 
ovariole. A greater part of the expanded follicular 
tube then becomes detached, possibly because the 
germarium is pushed towards the anterior end of the 
ovary by the growth of the other ovariole. After 
four days all that remains of the ‘dilatation’ is a small 
piece of tissue remaining on the posterior end of the 
follicular tube which resembles the ‘funicle stumps’ 
of parous Anopheles gambiae described by Lewis*, and 
is evidence of ovulation (Fig. 2). As a complete 
dilatation as described for M. uniformis? is not 
formed, serial dilatations are never found in Glossina 
morsitans, and ovarioles which have ovulated twice 
or more cannot be distinguished from those which 
have only ovulated once. The sequence of ovulation, 
however, enables the number of eggs produced by a 
female to be determined up to the production of the 
fourth egg; after this it is impossible to tell how 
many eggs have been produced. 

At 26° C., the fourth egg is ovulated (from the left 
ovary) 40 days after the emergence of the fly and 
therefore, at this temperature, flies may be aged up to 
at least the fortieth day by the number and position 
of the funicle stumps and the relative sizes of the 
four egg follicles. After the ovulation of the first 
egg (eighth or ninth day at 26° C.) eggs are ovulated 
about every 10 days, and the uterus contains either 
an egg or a developing larva. Each of the latter 10- 
day periods, therefore, may be subdivided by the 
stage of the offspring in utero. It is suggested that a 
combination of these observations could be used to 
determine the age of wild-caught tsetse flies. 


D. 8. SAUNDERS 
Department of Zoology, 
University of Edinburgh, 
West Mains Road, 
Edinburgh, 9. 


' Detinova, T. S., Course in advanced entomological ge = copia 
to malaria eradication. Age grouping methods in tera o 
: ora —e World Health ‘Granutention, WHO/Maii258 
p 
: Gillies, M. T., Trop. Dis. Bull., 55, 713 (1958). 


* Bertram, D. S., and Samarawiokrems. Ww: Mic 
(1958). 


t Saunders, D. S., Nature, 185, 121 (1960). 
š Lewis, D. J., Trans. Roy. Soc. Trop. Med. Hyg., 52, 456 (1958). 


Nature, 182, 444 


> . 


“> 


. : > 
s S e Vs Sate 4 n > 
Sage p at, NATURE May 21, 1960 vo.. 106 
hme. “Induction” Phenomena in Photos; nthesis s a 
ef Isolated Spinach Chloroplasts CO, ki. 


=> » IN a number of papers concérning the induction 
- phenomena during epafues ist-5 I have determ- 
ined the interrelationship between time and photo- 
=- synthetic intenBity as expressed the photos 
a ~> thesis. time-curye. ‘The sample plants use 
- mainly various species of moss‘. In most cases the 
* “rate of photosynthesis. was measured in terms of 
== uptake of carbon dioxide; but in a few cases the 
rate of oxygen given off was measured as well®: the 
_ determinations were made by means of the diafero- 
y — mēter method (the gas thermal conductivity method). 


Uptake of carbon dioxide sets in immediately the 
plant material is exposed to light, a peak appearing 
in the photosynthesis time-curve (Fig. 1, curve A). 
It appears to be reasonable to assume that this is due 
to the presence of a so-called carbon dioxide acceptor 
I, which is probably different from ribulose diphos- 
phate, the latter coming into full action somewhat 
later and consequently being referred to as acceptor 
114%. It is further shown that at 15°C. the carbon 
dioxide taken up is normally transferred in the 
course of 5-6 min. to acceptor II, or, alternatively, 
that it enters the assimilation process proper in other 
ways**. If the illumination is suspended before this 
occurs a gush of carbon dioxide appears*. If the 
plants are heated at 40-50° C. for 3 min. prior to the 
measurements, the photosynthesis proper is found 

-~ to have been inhibited completely. However, this is 
not true of the initial uptake of carbon dioxide by 
acceptor I. Probably a certain degree of inhibition 
exists in this case as well, but a very distinct peak is 
still found in the photosynthesis time-curve immedi- 
ately following the onset of illumination. In these 
circumstances a gush of carbon dioxide appears when 
the light is switched off, its value corresponding to 
the amount of carbon dioxide fixed during the 
initial uptake. Similar reactions are found in cases 
where the plants are treated with cyanide, arsenate 
or iodoacetamide prior to the measurements, or if 
they are subjected to very high concentrations of 
carbon dioxide during the measurements®.*, 

In a number of papers, Arnon et al.?-!* have demon- 
strated the practicability of effecting complete photo- 
synthesis with isolated chloroplasts. They demon- 
strated the uptake of carbon dioxide in a suspension 
of chloroplasts to which had been added carbon-14, 
measuring the radioactivity of the dried chloroplasts’. 
In the present work the same isolation technique 
was used and by this means I succeeded in directly 
drawing the photosynthesis time-curve for a pre- 
paration of chloroplasts using the diaferometer 
method. 

By means of the above isolation technique®.!® the 
v chloroplasts are obtained in the form of a suspension 
in 0:35 M sodium chloride. The uptake of carbon 
dioxide is reported to have been demonstrated by 
illuminating a mixture of this suspension with a tris- 
buffer solution (pH 7-4) to which have been added 
ascorbate and manganous chloride. Centrifugation 
of such a mixture in a centrifuge tube containing a 
piece of filter paper at the bottom results in the 
fixation of the chloroplasts on to the paper which can 
then be placed in the plant container of the diafero- 
meter, where they are then exposed to an intensity of 
6,500 lux at 15°C. in streaming atmospheric air to 
which has been added 3 vol. per cent of carbon 
dioxide. The results appear in Fig. 1. Curve A is the 





time ) 
inach chloroplasts (B) suspended in 0-35 M 
is-b pH 7-4), ascorbate and 


-paper. Ordinate, 

carbon dioxide uptake in arbitrary units: abscissa, time (min.). 

Black and white areas indicate periods of dark and light on the 
plant material 


photosynthesis time-curve for an intact spinach leaf, 
and curve B is the corresponding curve for isolated 
spinach chloroplasts in contact with ascorbate and 
manganese chloride during the measurements, 

This curve (B) is very reminiscent of the photo- 
synthesis-time curves from intact leaves which had 
been exposed to heat, had been treated with cyanide, 
arsenate or iodoacetamide, or which during the 
measurements proper had been surrounded by air of 
an excessively high content of carbon dioxide (10-20 
vol. per cent). There appear to be two possible 
explanations of this similarity. First, Arnon et al.1° 
have shown that even a brief heating of the isolated 
chloroplasts at room temperature causes a con- 
siderable reduction of their ability to fix carbon 
dioxide on illumination. Hence it would appear to 
be conceivable that the reaction shown by intact 
leaves when heated for 3 min. at 40-50°C. in the 
chloroplast preparation experiments might occur 
already at lower temperatures. Secondly, although 
the chloroplasts were surrounded by a liquid con- 
taining ascorbate and manganous chloride during the 
measurements proper the experimental conditions 
must be considered to have been fairly unfavourable 
for the photosynthetic turnover". Hence it appears 
to be permissible to a certain extent to compare them 
to similar ones which might be assumed to exist 
during certain toxie conditions when one or more steps 
in the mechanism of photosynthesis are paralysed. 

In this connexion it is worth noting that if the 
chloroplasts only are suspended in a solution of buffer 
in 0-35 M sodium chloride without the addition of 
ascorbate and manganous chloride the photosynthesis— 
time curve shows only the initial peak during the 
light period and the gush of carbon dioxide during 
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opang dark period, but no uptake of carbon 


: is conspicuous, namely, that although ihe photo- 
synthesis proper in the chloroplast preparation is 
$ mparatively slight the initial peak im the time- 
<eurve is very distinct. 
ves treated in any of the above ways, it may be 
ablished in this case also that the amount of 
whon dioxide taken up immediately on the onset 
illumination remains fixed throughout the duration 
f the light petiod, to be liberated afterwards in | the 

















Hence the use. ‘of the diaferometer method offers 
: i registering the initial as well as the 
uptake of carbon dioxide in isolated 
al a aata. The isotope technique used by Arnon, 
en and Whatley™, on the other hand, allowed 
to register only the amount of carbon dioxide 
which remains fixed even after the light has been 
switched off. The preliminary experiments here 
"described appear to confirm the hypothesis mentioned 
“eoncerning the function of acceptor I immediately 
pon the onset of illumination. They also show that this 
acceptor is found in the chloroplasts and that hence 
it must be considered to be part of the photosynthetic 
apparatus proper. Further photosynthesis experi- 
“ments with isolated chloroplasts are in progress and 
will ke published in detail elsewhere. 
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Hemoglobin in the Root Nodules of 
Casuarina cunninghamiana 


“Iw higher plants the respiratory pigment hæmo- 
‘globin has been detected only in root nodules of 
legumes!” ; it occurs there in all the species examined 
when nodulation is initiated by an effective nitrogen- 
fixing strain of the symbiont Rhizobium?. The 
“presence of the pigment therefore appears to be 
“possibly connected with the process of symbiotic 
nitrogen fixation. 

‘Symbiotic nitrogen fixation is not, however, con- 
fined to the Leguminosae. Nine genera of Angio- 
sperms, derived from six families, bear root nodules 
hen an appropriate endophyte is present, and the 
| apacity of these nodules to fix nitrogen at high rates 
a is now well established. The quantitative work in this 
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As in the case of the whole — 


nodulated material from Alnus, Hippophaé, Myrica 
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ene S was 4-5 times arat than t 
of the cortex of non-nodulated roots. This work ga 
no indication of the manner in which the hema 
occurs m the living cell. An opportunity to fi 
whether it is present as a hemoprotein, like all the 
known functional hematin compounds, was presented. 
when Dr. G. Bond generously offered to supply 





and Casuarina. This had been obtained from plants 
grown in liquid culture in a medium devoid of com- 
bined nitrogen. A spectroscopic re-examination of 
the nodules seemed especially desirable in view of the 
high sensitivity of their fixation process to- the 
presence of carbon monoxide’. 

The nodules of all four genera were found to 
possess a very active phenol oxidase system: the 
discoloration which occurred when nodules were 
crushed in water or dilute phosphate buffers hindered, 
and sometimes precluded, spectroscopic examination. 
It was found that this discoloration was decreased by 
using 0-2 M tris (2-amino-2-hydroxymethylpropane- 
] : 3-diol) buffer, pH 7-4, containing 0-02 M sodium 
ethylenediamine tetraacetate, For the estimation of 
total hematin the weighed nodules were ground in 
this medium with the addition of sufficient sodium 
dithionite to exclude dissolved oxygen. The ground 
material was transferred to a Thunberg tube, pyridine 
was added to 30 per cent (v/v) and the tube evacuated. 
The contents of the tubes showed the spectrum of 
pyridine protohemochromogen when viewed with a 
Zeiss pupillary spectroscope against a strong light. 
The concentration of hamochromogen was estimated 
by comparing the spectrum of the vacuum tube ori, 
contents with that of a pyridine hemochromogen :. 
standard derived from bovine hæmin in the spectro- ‘3 
colorimeter described by Hill’, These measurements 
(Table 1) confirm the results of Egle and Munding’ 
and extend them to the genus Casuarina in which the 
level of hematin was always higher than in the other 
genera and was, in fact, comparable with that in 
leguminous root nodules*. 

Spectroscopic examination of preparations of 
Casuarina nodules ground in the tris medium with 
dithionite showed a diffuse absorption band with a 
maximum at 562 mu. This band is similar to that of 
deoxygenated Heineelobia and is unlike the sharp 
-band of a cytochrome or hwmochromogen. An 
attempt was made to observe the oxygenated com- 
pound by omitting dithionite from the grinding 








Table 1. TOTAL HÆMATIN CONTENT OF NODULE AND Root TISSUES 
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Nodules | Root cortex | 

Alnus glutinosa | 4°85 | 0-6 l 
Myrica gale 5-5 | 0-5 i 
Hippophaé rhamnoides 4-2 0-5 i 
Casuarina cunninghamiana | 12-0 0-7 | 
Pisum sativum | 10-8 | — i 
i i 
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. Rapid spectroscopie observation im- 
. mediately after grin hen showed two absorption 


80 my and 544 my, resem- 


Het 







imilar to methemoglobin had occurred 
by adding fluoride to the preparation, 
rption band, resembling that of fluoride 
appeared at 610 mu. 
e observations suggested that Casu- 
ina nodules contain a pigment with the spectroscopic 
roperties of a hæmoglobin, the rapid disappearance 


of the oxyhemoglobin type of spectrum in the 


macerated preparations made it difficult to establish 
that the pigment can undergo alternate deoxygenation 
and oxygenation without change in valency of the 
hem iron. This capacity for reversible combination 
with molecular oxygen is the essential property of 
hemoglobin and is the basis of its function as a 
respiratory pigment. Unequivocal evidence on this 
point was, however, obtained by spectroscopic 
examination of the intact nodules. For this purpose 
a small cluster of nodules was mounted in a drop of 
the tris medium in a cell on a microscope slide. When 
the cluster was illuminated, on the microscope stage, 
by the condensed light of a 500-watt projection lamp, 
sufficient light was transmitted by the less-opaque 
portions of the nodule cluster for spectroscopic 
examination to be made, using a 16-mm. objective 
with the Zeiss pupillary spectroscope as ocular. 
With the untreated nodules a spectrum with two 
absorption bands, at 580 my and 542 mu, could 
easily be observed. When a small amount of sodium 


dithionite was added to the fluid surrounding the 


nodules the two bands were slowly replaced by a single 
diffuse band at 562 mu. What is more significant, 
however, is that when the dithionite solution was 
then replaced by fresh iris medium the two-banded 
spectrum reappeared. This sequence of events also 
occurred in the absence of a reducing agent if the 
nodules were allowed to respire the dissolved oxygen 
in the fluid surrounding them and air was then 
readmitted. Confirmation that the hem iron of the 
pigment is in the ferrous state in vivo was obtained 
by treating the nodules with carbon monoxide, when 
two diffuse absorption bands at 572 mu and 542 my. 


replaced the characteristic spectra of either the 


oxygenated or deoxygenated derivative. The hem 
pigment of Casuarina root nodules appears, therefore, 


- to possess the essential properties of hæmoglobin. 


An estimate of the proportion of the total hamatin 
oceurring in the form of hemoglobin was obtained by 
grinding nodules in the tris medium with added 
dithionite, treating the preparation with carbon 
monoxide in a Thunberg tube, and comparing the 
spectrum of the tube contents with that of a standard 
solution of carboxymyoglobin prepared from sperm 
whale musele. In nodules containing 0-11 umole 
total hamatin/gm. fresh weight, carboxyhemoglobin 
accounted for 0-083 umole. 

The hemoglobin of leguminous root nodules is 
readily extracted by aqueous solvents?. That of 
Casuarina, on the other hand, remains firmly bound 
to the cell debris under all the extraction conditions 
so far examined. Spectroscopic evidence was obtained 
that the nodules of Alnus and Myrica also contain a 
bound form of hemoglobin similar to that in Casuar- 
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ina. Ib is hoped to confirm this when material 
becomes available in the next vegetative season. — 


The above observations represent the, sécond 
finding of hemoglobin in higher plants; they 
emphasize the connexion that appears to” exist 
between symbiotic nitrogen fixation and the presence 
of the respiratory pigment, but go no further towards 
an explanation of the nature of this connexion. °* 
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Occurrence of a Non-Fibrillar Elastin 
in the Earthworm 


THE cuticle of the earthworm’s gizzard is generally 
thought to be chitinous ; but there was no experi- 
mental evidence for this view, until the obgrVation 
by Rudal’, who obtained an X-ray diffraction 
diagram similar to that found in Aphrodite bristles 
previously described by Lotmar and Picken? as a 
modified chitin (6-chitin). Although after purification 
he obtamed a different diagram, he nevertheless 
concluded that the gizzard membrane was probably 
chitinous in nature. This identification is much less 
convincing in view of the fact that the structural 
proteins are always found together with a certain 
amount of polysaccharides’. 

As a part of a more comprehensive study of the 
earthworm gut‘, I have tried to ascertain the chemical 
nature of the gizzard cuticle by means of histo- 
chemical, physical and chemical methods. 

(1) Histochemical results : 

(a) Polysaccharides. No specific polysaccharide 
test gave any truly positive results. The periodic acid— 
Schiff reaction gives the cuticle a rose tinge, and 
alcian blue stains it only after oxidation by the acid 
permanganate reagent. 

(b) Elastins and collagens. Whereas the ectodermal 
cuticle and the epithelial basement membrane show 
the same affinities as the collagens, the gizzard cuticle 
responds positively to tests for elastin. No other 
structure in the earthworm shows the same com- 
bination of tinctorial properties (Table 1). 

(2) Physical and chemical results: The properties 
of the gizzard cuticle isolated by dissection are the 
same as those of vertebrate elastin, except for 
birefringence and autofluorescence (Table 2). These 
last properties are probably connected with the 























Table 1 
Test Elastin | Collagen | Cuticle 
(vertebrate) | (vertebrate) | (gizzard) 
Tetrazotized benzidin | brown | purple-brown | brown 
The same, after moder- 
ate benzoylation yellow | purple yellow 
Gomori (following Í 
Gabe} | violet | blue violet 
| Van Gleson yellow or rose | red rose 
Weigert’s resorcin | violet rosish violet 
Oreein | red brownish red | 
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particular physical structure of these cuticular 
membranes. In fact, they do not show any fibrillar 
structure, whether examined by ordinary or phase- 
contrest microscopy. 

(3) Chromatographic results: 12 gizzard cuticles 
from the earthworm Lumbricus rubellus were purified 
and hydrolysed following a modification of the 
technique described by Neumann and Logan’. The 
hydrolysate was run on a circular chromatogram with 
the mixture butanol/acetic acid/water (4:1: 1), and 
visualized with ninhydrin. Although no quantitative 
analysis was made, proline, valine and glycine seem 
to be particularly abundant, Hydroxyproline, 
typical of collagens and elastin, was detected on a 
separate chromatogram by the ‘dipping’ method of 
Jepson and Smithe. 

TI conclude, therefore, that histochemical, physical 
and chemical evidence agrees with the view that the 
cuticle of the earthworm gizzard is an elastin in 
nature. This particular one is a ‘non-fibrillar’ elastin, 
analogous to the secreted collagens previously 
described in some invertebrates, notably in the 
ectodermal cuticle of Lumbricus’. I suggest calling it 
a secreted elastin’. 
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-RADIOBIOLOGY 


Fall-out Radioactivity in Southern Sweden 


3 A HIGH enrichment of radioactive fall-out products 
was recently reported in plant ash from southern 
reden!. The highest values were recorded in plants 
growing near the coast or upon pronounced hills, 
while plants growing in lowland regions at greater 
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distances from the sea gay h ica values... In all ` 
the samples examined the ral radioactivity . was 
quite subordinate to the radioactivity 8 y fall- 
ou t. Fogg Be 

the aigaibation of fall-out a in e al ad 
and in the vegetation, the ash of different parts of a 
spruce taken from an area of comp rativ vely high 
fall-out radioactivity was examined of 
Geiger counter (Table 1). aes 


Table 1. RELATIVE RADIOACTIVITY VALTES (B 
ASH OF DIFFERENT PARTS OF 6 M, HIGH SPRUCE FRO § 
{120 M. ABOVE SRA-LEVEL), SOUTHERN SWEDEN, ‘COLLECTED A 

ANALYSED IN OCTOBER 1959 





Relative 





| | 
| | Age Ash is 
i | (per cent) | radioactivity | 
splat — Ee, Senne Aran, 
| Needles ' 1 yem | 3-6 i 1-2 | 
i Needles | 2 years | 3:6 1-8 | 
i Needles | 3 years | 4°7 | 1-8 
| Live twigs ` l year | 32 = “© BE | 
Live twigs | 2 years | 2-0 3-6 
Live twigs | 3 years | 2-3 i BR | 
Dead twigs | } 1-8 | 3:3 
Trank, bark | 2-8 E8 
Trunk, wood i l year | 0-7 1-00 
Trunk, wood, central | 03 | IE g 
Root, bark i 3-1 , 1-0. 
Root, central 0-3 | 1-0 
F-layer soil profile 12-8 i 1-3 
Mineral soil | | — 1-0 | 
i 


inn neath Piet ASI nde rtrd rer rere sree Sere ba aaan A N AA EAE RATAN SANA rari raider MULLAH el ni Nien Heer re PATRIA be nha 


It appears from these figures that there is a marked 
enrichment of radioactive substances in both the > 
twigs and the needles. On the other hand, no increase ~ 
of radioactivity was found inthe woody parts of 
the trunk or of the root or in the bark of the root. 

Some y-spectrometric analyses of parts of the E : 
spruce (ashed samples) have been carried out through we 
the courtesy of Dr. K. Edvarson at the Swedish | a 
Research Institute for National Defence. These 
analyses revealed that the percentage of casium-144 
and niobium—zirconium-95 was more than ten times Serene 
higher in 1 -5-year-old twigs and needles-than in those ey 
of age 0-5 year. The radioactivity of the central | 
woody part of the trunk was far below that of the 
exposed parts of the tree and was dominated by 
potassium-40. The y-spectrometric analyses demon- 
strate the decrease in fall-out radioactivity during the 
last season and also the almost complete absence of 
fall-out products in the woody parts of the tree. 

Additional Geiger-counter measurements have 
shown that dead parts of trees and plants (dry twigs, 
etc.) often have as high a radioactivity as live parts, — 
even if they have been dead for several years. The 
decrease in radioactivity with time is the same for 
these dead parts as for the live parts of the plants, | 
and it is evident that this radioactivity is due to the == 
presence of relatively short-lived radioactive isotopes. 
This indicates, when considered together with the 
observations reported above, that the fall-out 
radioactivity, or at least the dominating part of it, 
has been mainly taken up by exposed parts of the 
plants directly from the air and only to a very small 
extent from the soil through the root-system of the 
plant. This observation is in line with what is 
mentioned by Gorham’, namely, that certain small 
plants which have a low ash content and a corre- 
sponding large surface show a considerable enrichment 
in fall-out products. 

It is thus evident that the main part of the fall-out 
radioactivity is now concentrated in the vegetation 
and in the uppermost layer of the soil where decaying 
plant parts dominate. This is especially the case with 
the more short-lived fission ee whereas the 


















each a higher enrichment 
eee f te soil-plant-soil cycle. 

A ~ Autoradiographic e sposures of plants, plant parts, 
and of ashed-plant samples demonstrate the same 
_ distribution „of radioactivity as mentioned above. 
There is a marked blackening of the photographic 
film by needles, leaves, twigs, and bark, contrary to 
the wood which does not affect the photographic film. 
The. autoradiographs show, furthermore, that there 
of radioactive influence. The first and 
auses a slight blackening of the photo- 
) H "The second type is found when examin- 
y more recent samples, and it causes the develop- 
nit of small, intensely black dots on the film. 
These autoradiographic analyses signify that there 
are at present two sizes of fall-out particles, one 
very fine-grained and the other more coarse-grained, 
the latter representing a highly concentrated radio- 
activity. 










| Ponstus LJUNGGREN 
Geological Institute, 
Lund. 
March 10. 
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Calcium Binding in Homogenates of 
Ehrlich Ascites Tumour Cells 


We have recently been attempting to determine 
the amount of bound (non-diffusible) calcium in the 
célls of the mouse Ehrlich ascites tumour. Results 
not yet published indicate that more than 50 per 
cent of caleium-45 incorporated in vivo by the cells 
is removed by briefly washing them three times in 
calcium-free balanced salt solution. 

In order to investigate further the bound calcium, 
we disrupted the cells and examined the homogenate. 
This was done by suspending the cells, which had 
been labelled in vivo with calcium-45, in ice-cooled 
buffered isotonic salt solution, and then disrupting 
them by exposure to ultrasonic vibrations of about 

eee 20. ke./s. for 2 min. with the AV.S.2~Mullard 
E apparatus. The resulting homogenate was subjected 
to a conventional dialysis procedure at 4-6°C. 
¿against a calcium-free solution. Initially caleium-45 

ws, was lost from the homogenate very slowly, as in- 
dicated by the slight increase in the radioactivity 





concentration. 
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in dialysate 


Ca from cell homogenate 


Percentage of final calelum-4 












This phase beled about 90 min., after whicl 
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was lost rapidly, as shown by the steep pol ion of | 
the curve of radioactivity of the dialysing solution.: 
A similar curve is obtained even if the isotope is 
added to homogenized cells in vitro. A totally different . 
curve is obtained on dialysing ascitic fluid, in which 
there is a bound, xchangeable, calcium fractioh. 
In this case, the increase in radioactivity of the solu- 
tion against which the labelled fluid is dialysed shows: 
a steep rise from zero time, and flattens oy when. 
equilibrium is nearly attained (F 

Preliminary experiments also- ndicate ‘that the 
total amount of calctum-45 removed from the labelled 
homogenate by dialysis, even after 4 hr., is consider- 
ably less than that extracted by quickly “washing the. 
cells in calcium-free solution, and probably amounts- 
to less than 20 per cent of that initially present. ~ 

This increase of binding of caleium-45, and hence 
of total caleium, is corroborated by the very slow 
migration of the tag towards the cathode from the 
point of application of the labelled homogenate, when _ 
this is subjected to paper electrophoresis. 

It appears that, as a result of the disintegration, a 
number of new calcium-binding sites have been made 
available. The increase in base-binding capacity may 
be accounted for, inter alia, by (a) molecular damage 
produced by subjection to the ultrasonic vibrations, 
or (b) by existing groups, previously inaccesstble to 
the base, being made available by disruption of the 
cells. | 

Clearly, a study of the normal distribution of 
calcium in different cell fractions would be falsified 
by the inerease in the proportion of bound calcium 
produced by ultrasonie disruption. We are therefore. 
investigating further the nature of the bindéhg "in 
whole cells and in homogenates. 








R. Scrorrepnp 
D. THOMASON 


Chijstie Hospital and Holt Radium Institute, 
Withington, Manchester 20. 


VIROLOGY 


Purification and Properties of Cauliflower 
Mosaic Virus 


STRAINS of cauliflower mosaic virus occur very 
commonly throughout North America and Europe. 
Previous attempts to determine the morphology of 
the virusi, and to obtain an antiserum to it?, were 
unsuccessful. Following the recent purification of 
cucumber mosaic virus’, an attempt was made to _ 
purify cauliflower mosaic virus using similar pro- g 
cedures. 

The cabbage virus B strain of the virus, described 
by Walker et al.4, was mechanically inoculated to 
leaves of young tendergreen mustard plants (Brassica 
perviridis Bailey). Two to three weeks after inocu- 
lation, systemically infected leaves were harvested 
and homogenized in a Waring blendor in 05 M- 
potassium phosphate buffer (pH 7-5) containing 0-1 
per cent thioglycollic acid, at the rate of 12 ml. of 
buffer for each 10 gm. of leaf tissue. The homogenate | 
was strained through cheese-cloth and n-butanol- 
added dropwise with constant stirring to give a final 
butanol concentration of 8 per cent. The mixture- 
then was stirred for 1 hr., after which it was- 


eee. 
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trifuged for 15 min. dt 5,000 r.p.m. in a model SP 
i centrifuge. The clear supernatant was filtered 
; ugh glass-wool and centrifuged for 2 hr. at 30,000 
rpm. in a No. 30 rotor of a Spinco model L ultra- 
_ centrifuge. Following ultracentrifugation, the super- 
-natant was discarded and the pellets resuspended in 
2-3 ml. of distilled water, and: placed on a mechanical 
“shaker for 8-10 hr: The pellet suspension was then 
centrifuged for 1 min. at 25,000 r.p.m., and the pellet 
discarded. All operations were carried out at 2-4° C. 

Electron microseépic examination of grids sprayed 
with the final supernatant revealed particles of two 
-gizes, 18 miu and 50 my, while.healthy leaf extracts 
processed in the ‘same manner contained only the 
smaller particles. 

Further purification was achieved by density 
gradient centrifugation. l-ml. aliquots of the 
partially purified virus were layered on to tubes con- 
_ taining 30 ml. of a 5-40 per cent sucrose gradient and 
-centrifuged in a Spinco SW-25 rotor for 2 hr. at 
25,000 rpm. Examination of the gradient tubes 
cunder a beam of light revealed an opalescent band 
midway down the tubes. No such band was present in 
“healthy preparations treated in a similar manner. 
The material within the bands was carefully with- 
drawn with a hypodermic needle through the side of 
the tubes, and dialysed for 12 hr. against distilled 

water. 
_ infectitity on tendergreen mustard and typical symp- 
- toms of the disease appeared 10-20 days following 
- Inoculation, the time varying with the dilution of 
the virus preparation. These preparations were 
infectious up to dilutions of 10-5. Aliquots of these 
preparations were sprayed on collodion-coated 
electron microscope grids, freeze-dried, and shadowed 
. with uraniüm. When examined with the electron 
- ppicroseope, the grids sprayed with the virus showed 
mumerous uniform spheres with an average diameter 
of 50 mu. None of the smaller particles observed in 
-partially purified preparations was present (Fig. 1). 

“The purified virus, suspended in 0-02 M sedium 
phosphate buffer (pH 6-0), was found to have a 






: “ig. 1, Tiiron micrograph of purified ecanliflower mosaic virus 
{x 24,490). he large white spheres are polystyrene latex 
particles, 122-5 mu in diameter 
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These virus preparations were assayed «for. 








sedimentation coefficient of approximately 222 5 

20° C. when centrifuged in ep, Podol E ultr 

centrifuge at 17,980 r.p.m. — ey a 
Purified preparations of the virus were injected 





into rabbitsintramuscularly, using Freund’s adjuvant, a " 
and intravenously, at 7-10 day intervals for a total of © 


6 injections. The rabbits were bled 10 days after the 
last injection. Serum used in ring tests with the virus 
gave positive reactions at serum dilutions up to 1/512. 
The virus did not react with normal serum, or with 


antisera of turnip yellow mosaic or turnip mosaic... 
Purified preparations of turnip yellow. 
mosaic and turnip mosaic viruses gave no reaction o oo 
when tested against cauliflower mosaic virus” anti ee 


viruses. 


serum. 
We wish to express our thanks to Dr. P 
Dr. J. J. Kelley and Mrs. Selma Sachs of the Depart- 
ment of Biochemistry, University of Wisconsin, for 
their assistance with the electron STOR and 
sedimentation coefficient studies. 
Tuomas P. PIroNË 
GLENN S$. POUND 
ROBERT J, SHEPHERD 
Department of Plant Pathology, 
University of Wisconsin, 
Madison, 
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Decarboxylation of Glutamic Acid in 
Tobacco Leaves inoculated with Tobacco 
Mosaic Virus 


THE process of decarboxylation of glutamic acid 
has been a subject of interest since the discovery in 
many plants of ‘y-amino-butyric acid in large 
quantities! 9, : g i 

Since proteins do not contain these acids, the role 
of the process of decarboxylation is not quite clear. 
But the appearance of the process at all the stages 
of developurent suggests that its role in plant 
metabolism may be more general’. i i 


I have examined the intensity of decarboxylation" ~ 


in Nicotiana tabacum var. White Burley, inoculated, 
with tobacco mosaic virus. Typical results are given 
in Table 1. The results show that at certain stages 
of the mosaic disease the activity of the process 
increases. : 








Table 1. ACTIVITY oF GLUTAMIC ACID DECARBOXYLASE IN TOBACCO 
LEAVES HOMOGENATES 
[on Taian Celie acme 
| Carbon dioxide (al.} in 
30 min. at 30° C, i 
| Daye sities: phe ennaa | Activation | | 
inoculation | | Infected with | (per cent) Atmosphere | 
| | Sound | tobacco mosaic | 
| | virus i i 
ee eS pone | E A EOE EE EE E | Renmin Se ae 

oc 57-1 ae j 
| 6-8 ; 56-4 89°3 ; 158 i Air 
! 478 | 67-0 M1; 

j 6-8 ae 73-0 140 | Nitrogen 
| | arg | 100-6 200 | N 
11-14 51-9 116-0 220 Air 
| | 46-8 | 67-7 OOM oOo | 
)  ili-l4 35-5 | 761 214 | Nitrogen 
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5 gm. of the tissue with 15 mL 1/15 M phosphate buffer pH 5-6 was 
ground until a homogeneous suspension was obtained. 0-2 ml. homo- 
genate and 1 ml. glutamic acid in concentration 0-02 M were poured 
into a Warburg apparatus, 


od aeons ; ~ 
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1 dosthtotive metabolism eas 
maxi um ‘jptonsity of the process occurs when the 
rder _ ‘symptoms: begin to appear, oF rb may 
involved in the synthesis of virus proteins. - 


_ other workers. Analysing free amino-acids in the 
~ coconut endosperm, Baptist found that the y-amino- 

butyric acid appears in the period of intensive 
protein synthesis*. Pekka and Virtanen have shown 
hat metabolism of y-amino-butyric acid is strictly 
connected with glutamine, which is assumed to play 
an important part in protein synthesis’. The 
C examination of the process and its role in virus 

synthesis i is being continued. , 


a M. S. GUBAÑSKI 
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BACTERI OLOGY 


Streptomycin-induced Lysis of 
‘Penicillin-treated Staphylococci 


























WHEN growing cultures of Escher ‘chia. coli are 
exposed. to bactericidal concentrations of penicillin, 
sis of:the cells occurs after 20-30 min.!. 

‘appears to be caused by the inhibition by penicillin 
0 
1esis. of other cell constituents, 
of the celis?. Other cases of lysis of bacteria 


| mucopeptide are known, and have recently 
en reviewed?,*. 

-When penicillin, at a minimally bactericidal con- 
centration (0-06 ugm./ml.), is added to growing 
cultures of Staphylococcus aureus (strain Duncan), 
rapid lysis of the cells does not occur although the 
Synthesis of cell wall mucopeptide ceases after about 
15 min Only a very slow fall, continuing for more 
“tk 4 hr., is observed in the optical density of such 
cultures, and it is not clear why the rate of lysis in 





these Staphylococci is so low compared, for example, 


> with penicillin-treated Æ. colt? or lysine-deficient 
Streptococcus faecalis®. One possibility which suggests 
: itself iathat, due to the reduced activity of amino- 
acid-accumulating systems in Staphylococci which 
follows contact with penicillin’,”, the rates at which 
cell constituents other than the cell wall can be syn- 
thesized are reduced, so that ‘bursting’ occurs more 
slowly. 








Fata aci id a A 


The second view is backed by indirect results of 


- Culture optical density (700 mg) | 


This lysis. 


f synthesis of cell wall mucopeptide with continuing = 
R: resulting in“ 







ch a reduced differential rate of synthesis of 





0-5 


0-1 


2 4 § 8 10 12 
Hr. 


Fig. 1. To identical cultures of Staphylococeus aureus (strain 


Duncan) growing in PG medium (ref, 9) at 37° in Shake flasks, 
H additions were made (at the time indicated by the arrow) of 


streptomycin (10 wgm./ml.) (S) and/or penicillin {0 -06 agm,/mil. (fF) fh 

na follows, S (eurve 1); P (curve 2); S followed after 30 mi 

P curve 3); P and $ together (curve 4); P followed by@ e 

after 16 min. (carve 3), after 20 min, (curve 6), after 30 min. (curve 
7), after 40 min. (curve 8), or after 50 min. (curve 9) 


During investigations of the effects of streptomycin 
on S. aureus, I have recently observed, however, 


that addition of streptomycin together with penicillin _ | 


(each at minimally bactericidal concentrations) to 
exponentially growing cultures brings about rapid 
lysis (Fig. 1). This lysis begins at c. 30 min. after 
addition of streptomycin, even when this is delayed 
up to 50 min. after addition of penicillin. Although 
the rate of lysis is independent of the concentration 
of streptomycin when this is greater than 10 ugm./ 
ml., lysis commences earlier at higher streptomycin. - 
c oncentrations. Lysis is induced only by those 
derivatives of streptomycin which possess anbi- . 
bacterial activity (dihydrostreptomycin, mannosido- 


1-0 


0-5 


Culture optical density (700 mu) 





0:1 
i} z 4 Ë & 10 
Hr. 


Fig. 2. To cultures growing as in Fig. 1 were added (at the time. 

indicated by the arrow): penicillin (0-06 agm./ml) (eurve 1) ;- 

penicillin (6.06 aam.jml y+ streptomycin (10 sgm./mi.) alone 

(curve 2), or together with chloramphenicol (50 miniet ) (curve 33, 
or together with 8-azaguanine (600 ugro./ml.) (curve 4) 
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streptomycin) and not by streptidine or strepto- 
mycinic acid; it does not occur under anaerobic 
conditions, when the bactericidal effect of strepto- 
mycin on this organism is also much reduced. 
Essentially similar results have also been obtained 
using strain H of S. aureus. 

When the growth-rate of a culture, previous to 
“addition of penicillin and streptomycin, is reduced by 
decreasing” the concentration of peptone in the growth 
medium, the rate of subsequent lysis is reduced 
proportionally. Lysis can be almost completely 
prevented by addition, simultaneously with penicillin 
and streptomycin, of chloramphenicol (50 ugm./ml.) 
or 8-azaguanine (500 ugm./ml.) (Fig. 2). However, 
chloramphenicol can prevent the bactericidal effect of 
streptomycin on S. aureus (Hancock, R., unpub- 
lished results), so that this finding does not necess- 
arily indicate that lysis under these conditions 
is & result of ‘unbalanced synthesis’ of other cell 
constituents relative to cell wall. The possibility 
that lysis may be caused by cell wall-d } 
enzymes of the type found in Staphylococci by 
Mitchell and Moyle! seems unlikely since we have not 
been able to detect any activity of these enzymes in 
cells after growth for 30 min. in the presence of 
streptomycin. 

I am grateful to Mr. F. McManus for valuable 
techyical assistance, and to the Distillers Co. and to 
Merck &nd Co., Inc., for gifts of streptomycinic acid 
and streptidine, respectively. 

R. Hancoox 

Department of Bacteriology, 

University of Manchester. 
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Influence of Light on Bacterial Flora 
of Roots 


ALTHOUGH considerable work has been done on the 
influence of various factors such as type, moisture 
content, reaction and treatment of the goil and kind 
and age of plant on the microflora of the rhizo- 
sphere’, very little has appeared concerning the 
response of the normal rhizosphere micropopulation 
to the changes in plants growing under different light 
intensities. The studies that have been made deal 
primarily with specific phenomena such as symbiotic 
nitrogen fixation", mycorrhizal development? and 
susceptibility of roots to infection‘. However, 
Rovira® has recently reported that “the numbers of 
bacteria. in the rhizosphere of tomato were reduced 
by 60 per cent when plante were shaded to 40 per cent 
of full sunlight” ; the conditions under which the 
plants were grown were not given. We have recently 
completed experiments on the influence of light on the 
microbial population of wheat roots. These were 
selected for analysis rather than the soil adhering to 
them because it was considered that the organisms in 
intimate contact with the roots would reflect more 
acourately the changes produced in the plant by 
differences in illumination than would the organisms 
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in the rhizosphere soil, where a dilution of the effect 
would probably occur. Certain of our findings relating 
to the bacterial flora are presented here. Full details 
of these experiments will be published elsewhere. 

Wheat was planted in field soil in large rectangular 
tanks in the ouse. The plants were grown under 
‘normal light’ for two weeks after which a cheese- 
cloth cage wags placed over half of them, thus reducing 
the light from approximately 1,000 to about 300 
foot-eandles. The temperature at the soil-level 
showed little significant variation between the 
Uluminated and. ‘reduced light’ sets. Moisture was 
maintained at about 70 per cent of the soil-moisture 
holding capacity by regular sprinkling. Composite 
root-samples were obtamed three weeks after. shading 
by removing plants from four locations in each 
treatment. The roots were thoroughly washed for 5 
min. by shalong in sterile water and then washed 
aseptically in three changes of water prior to homo- 
genization in a sterile Waring blendor. The homo-_ 
genate was analysed microbiologically using methods 
described in previous publications from this labora- 
tory*,?, The results of a typical experiment are 
summarized in Table 1. 


Table 1. IN¥LUBNOM OF ILLUMINATION ON THH BAOCTHRIAL FLORA 
OF WHEAT RooTs* 


Dlumination (ft.-candles) 
Bacteria 1,909 
Plate count 79 


Methylene blue reducers 5 
Glucose fermentera 


0 
Aeid producers i 
16 


Incidence of amino-acid 
re bactena (per 
cent) 





* Numbers in thousand mullion per gm. oven dry roots; methylene 
blue reducers, glucose fermenters and ammonifiers were estimated by 
the ultimate duution procedure (ref. 7}. 

+ These results were derived from a later expermont. 

A distinct reduction in bacterial count and in 
numbers of methylene blue-reducing organisms (as an 
index of the overall activity on the root surface) as 
well as of glucose-fermenting bacteria occurred on 
the roots of plants grown under low light intensity. 
Further tests revealed that numbers of ammonifying 
bacteria were also reduced on these roots. Nutritional 
studies on isolates from the plates used for counting 
showed a marked reduction in the percentage 
meidence of bacteria requiring amino-acids for 
maximum growth from about 65 per cent to 30 per 
cent. Taxonomic studies with these isolates are in 
progress. The resulis suggest that there is both a 
quantitative and a qualitative change in the sub- 
stances excreted by these roots which normally 
stimulate the microflora at or near the root surface 
and produce the ‘rhizosphere effect’?. Of course the 
reduced amounts of these materials, particularly of 
amino-acids, at the root surface may be due partly 
to the decrease in the total bacterial population on 
the root, resulting in a concomitant reduction in the 
elaboration of various substances, mecluding amino- 
acids*. Rovira® has reported a reduction in excretion 
of certain amino-acids by the roots of plants grown 
aseptically under reduced light, but mentioned also 
that the presence of micro-organisms influenced the 
concentration of amino-acids in the solution surround- 
ing tomato roots. However, the numbers of bacteria 
which do not require amino-acids and which may 
liberate them appear to be very similar on the roote 
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of both sets of plants used in the present experiments 
(35 per cent of 7-9 = 2:76 thousand mullion in the 
‘high light’ series as compared with 70 per cent of 
3:9 = 2-76 thousand million ın the ‘low light’ set). 
The plant, therefore, may be the major source of 
anuno-acids for these organisms requiring them. 

The significance of these observations with regard 
to plant nutrition, growth or susceptibility to disease 
is difficult to assess, especially since the role of the 
normal rhizosphere soil and root-surface microflora 
is still imperfectly understood. Eaton and Rigler’ 
have reported decreased susceptibility of cotton 
plants to Phymatotrichum omnivorum as a result of 
defoliation or mutilation of the plants, which increased 
the carbohydrate content of the roots. This effect was 
associated also with a reduction in total bacterial 
numbers and an increase in numbers of fluorescent 
bacteria. Harley and Waid!’ observed an increase in 
the incidence of semi-pathogenic fungi on roots of 
beech grown in the shade. Whether these 
results are due to a concomitant reduction of the 
bacterial and possibly of the actinomycete population 
at the root surface, to an alteration of the types of 
organisms, as suggested above, or to changes in the 
plant and in the root which render them less able to 
withstand parasitic attack is not clear at present 
although the increased susceptibility of plants 
growing under reduced illumination to diseases 
produced by viruses, fungi and nematodes has been 
reasonably well established ,13, 

J. W. Rovarer 
H. KATZNĦELSON 
Microbiology Research Institute, 
Branch, 
Canada Department of Agriculture, 
Ottawa. 
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in “Nutrttion of eee o”, edit. by 
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Iron Bacteria in Mine-waters 


As van Beneden! has shown, iron bacteria may be 
obtained from fresh-water by reducing the iron in 
this water by percolation through a layer of soil. In 
the thin layer where the effluent oxidizes (presumably 
ferrous carbonate or bicarbonate to hydrated ferric 
oxide) the bacteria develop. 

Baas Becking, Wood and Kaplan*, using this 
method, obtained iron bacteria from sea-water. With 
the help of Mr. A. D. Haldane, senior chemist of the 
Bureau of Mineral Resources, a more efficient 
apparatus was constructed. Iron bacteria were grown 
on slides on which a reduced fresh-water effluent was 
drippmg. Tap-water can be made free of oxygen by 
passing it through a column of steel-wool, previously 
washed in carbon tetrachloride. The effluent contains 
a slate-blue compound, possibly ferrous hydroxide, 
which oxidizes slowly to hydrated ferric oxide. 
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Ferrous carbonate (and possibly the: sols bieba. 
ate) are formed and oxidized in culture flasks con- 
taining the infection material and a small’ amount of 
magnesium-aramonium phosphate. 

As infection material, chalybeate waters” from. 
various localities in New South Wales were used ° 
(Matraville, Mittagong, Warrah, Palm Cave, Bungen- 
dore). Both a sheathed rod and a species of Sphaero-* 
tilus made their appearance. The method, however, 1s 
cumbersome and unsuitable for pure culture work. 

The oxidation of pyrite proceeds in sterile sus- 
pensions, yielding ferrous sulphate and acid. In’ 
sterile suspensions, the oxidation of ferrous to ferric 
sulphate ıs very slow, only a few per cent bemg 
converted m four months at room temperature. 

Iron bacteria isolated from chalybeate waters are 
capable of catalysing the oxidation of ferrous to ferric 
sulphate, the reaction running to completion in a 
few weeks at room temperature. Ib is-possible to 
obtain pure cultures of these forms on 1 per cent 
ferrous sulphate agar contaimng 200 mgm./l. mag- 
nesium-ammonium phosphate. Pure cultures could 
also be obtamed on powdered pyrite agar. 

One of the final oxidation productions of pyrite 
is a mixture of ferric sulphates and oxysulphates, 
called ‘yellowboy’ by the miners. This ore, collected 
from various levels, Lake George Mine, Captains Flat, 
New South Wales, proved to contain ' Sphaerotilus 
and also Gallionella. The former could be isotat&d on 
i per cent ferrous-sulphate agar and on pyrite agar 
Mine-water from the same mine contained Sphacrotius. 

A constant companion of both Sphaerottlus and the 
bacillary form is a small TZortdopsiw-lke yeast, 
present in both mine-water and fresh-water, which 
also appeared from hydrated iron oxide collected 
near a hot spring at Talasea, New Britain. 

Gallionella could not be isolated on sulphate media, 
but there are, apparently, iron organisms capable of 
developing on the ferrous (hijosrponate as woll as on 
the forrous sulphate system. 

In, the latter system they give rise to electrode 
potentials of +860 mV. 

The first stage in the oxidation of pyrite, whare 
forrous sulphate and acid are formed (pH 1-5-3-0), 
is & purely chemical phage, as the oxidation pro- 
ceeds with equal intensity in sterile and in infected 
materials. In the second phase the biological catalyst 
will create an environment with very high electrode 
potentials, the pH remaining almost the same. 

In old plate cultures of Sphaerotilue sp. a crust was 
formed around the bacterial colonies. In certain 
instances material from these crusts showed, in con- 
centrated solution, a negative pH and potentials of 
more than +900 mV. There are more than 40 ferrous 
and ferric sulphate minerals described ın the hterature, 
and almost invariably they seem to be formed by the 
oxidation of pyrite in a dry atmosphere. 

We can say, therefore, that the desiccation of the 
bacterial end-products adds a third, final stage to the 
oxidation of pyrite—e physical phase. 

This communication is published by permission of 
the Director, Bureau of Mineral Resources, Geology 
and Geophysics. 

L. G. M. Baas BEOHING 
D. Moore 


Bureau of Mineral Resources, 
Department of National Development, 
Turner, Canberra. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


. Monday, May 23 


LABORATORY ANIMALS OBNTRH (at the Royal Sooclety of Medicine 
le Street, London, W.1), at 9.30 oa ee on “The 
Provision of Animals for Cancer 


* ROYAL oe Pocu T (at 1 Kensington a London, 


8.W.7), at 5 p.m.—Mr. J G. Lebon and Mr. . Robertson : 
jpa "Marra, Darfur, and Hia Region”. 

oF LONDON (at the Wright- Institute of 

ital Medical School, Norfolk Place, 


aleroblology. Bt. Mary’s H 

London, D, at 5 p.m.—Dr. 

ment in Blood Group Reactions”. 
ROYAL SOOIBTY OF ARTS (at John Adam Street Adelphi, London, 


W.6.2), at 6 p.m.—Mr. O. Robertaon King: “The Retail Distribution 
of Electricity”. Fat ot ieee Oneir Letina cannes) 


„E Mollison: “The Role of Comple- 


Monday, May 23—Saturday, May 28 


INSTRUMENTS, ELECTRONICS AKD AUTOMATION EXHIBITION (at 
Olympia, London).* 


Tuesday, May 24 


URIVHESITY OF LONDON (at the Imperial Coll of Salence and 
Technology, London, 8.W.7), at 5.80 A een en’ M. Blackman: 
“Some eee of Electron Diffrac Techniques” (Inaugural 


- UNIVERSITY OF LONDON (at King’s colege Strand, London, W.0.2) 
at 5.80 p.m.—Prof. B. Segre (Rome “SContinnots Variation an 
car intake in Algebraic Geometry"".* A oa lectures on May 26 
an m 


UNIVERSITY OF LONDON a the Institute of Archmolo oe 


Ape R Park, Lo N.W.1), at oe 45 p.m— 
aee Excavations sat Catterick and -on-Humber”. * 
ona ee lectures on “Recent Aro a n in Britain”. 


lectures on May 31, June 7 and 14}. 


SOCLETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 
Portland Place, oar ae ON wW. A) at 6 p.m.—Annual General Moeting. 
7 pm—Mr. R. Presidential Address, 


Wednesday, May 25 


BOOTY OF CHHMIOAL INDUSTRY, NUTRITION PANEL (at 14 Belgrave 
Square, London, 8.W.1), at áp. m.—Dr. L J. Teply : “Foods for the 
Under-developed Countries” 


INSTITUTION OF Hiromi ENGINEERS, ELHCOTROMIOS AND GON- 
MUNIOCATIONS SECTION (at Savoy Place, London, W.C.2}, at 5.80 p.m. 
—Dizoussion on ‘New Semiconductor Devices and and their P Possible 
Applications” opened by Dr. A. F. Gibson and Mr. 


yom oat Boom Soolery (a zee the Royal onego of has Imperial 
Insitute , at 7 p-m.—Mee ting on of Leper 
Analysis by secchaniise! ethods”. 


ROYAL INgtrrurion (at 21 Albemarie Street, Londen Viet at 
9 p.m.—Prof. G. F. J. Garlick: ‘“Tumineacence—The Cold t of 
ys ca” = 


Wednesday, May 25—Friday, May 27 


cake YOR TEN STUDY OF Furrigrry (at the Royal Veterinary 
Guy's Hospital Medical School; and the Inshtate of 
Obstotrlos and Gynmcology, Chelsea Hospital for Waren AAA 


Thursday, May 26 

cm tae ey Doo Tra esme aiy a ital Medical Schoo 
London Bri 8.H.1), at 5 p.m_.—Dr. J Parizek (Prague): ‘Stor o 
ization of the Male by eaim Salte” (Third Olrver Bird ). 


Thursday, May 26 


ROYAL SocrmTy fat B House, Pi ; London, W.1), 

J. van Bua —Dr. A, G. Say on, eer Mr. . Spokes and Mr. 
uch a) tion Spectra of Loe Pieenoe Flames” 

“Mr, P. . Harris and Prof. W. O. Price, ¥.B.8. : 

norine on the Spectra and Ionization Potentials of 


UNIVERSITY oF LONDON (in the Physiology Theatre, ee. 
Co Gower Street, W.0.1), E & p.m.—Dr. 8. J. Bach 
“The Metabolic Fate of Protein-Nitrogen in the Mammal’’*, 
lecture on June 2.) 


UNIVERSITY OF LONDON (at s College, Strand, London, W.G. 2), 
at 5.380 p.m.—Prof. P. Waser (Zurich): ‘ a Cholinergic Receptar’’.* 
Friday, May 27 


INSTITUTION OF CHMOJAL ENGINEERS (at the Imperial College of 
Science and Technology, De t of Chemical Engineering, Prinoe 
Qonsort Road, London, S. , at 3.30 p.m—alr. J. W. Smith: 
“Heat Transfer to Li ul Beds and to Coarse Suspensions 
Flowing in a Vertical 
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APPOINTMENTS VACANT 


APPLIGATIONS ore invited for the following appointments on or 
before the oie ce ae 


oR 
am tay logy, Gosta Green, Birmingham 4, 
y A 

a Parie y eel qunita te A EER Ka 
zoology or a ve or medi cation, and g in 
in experimental helminthology) In THE DEPARTMENT OF AGRICULTURAL 
AND FOREST ZooLtogy—The , Umversity of North Wales, 
Bangor, North Wales (Afay 30). 

SCUINTIFIO OFFIORR (with a good class honours d in zoolo 
and some Sra experience, proreza biy in soll fauna) at Merlewo 
Research 8 nee oye , Lanes, or Moor House Fleald 
Station, Alston, Oumb d, for ote on the ecology of moorland 
invertebrates—The Nature Conservancy (E), 19 ve Square, 


Landon, 8.W.1 (May 80). 

LECTURER IN THE DHUPARTMENT OF MATHWMATIOAL Poyveics—The 
Seet The University, Edinburgh (May 81). 

LEOTURERS IN EXPERMMENTAL AND THRORSTIOAL Lig are a 
igi ara of Univeralty Court, The Ur University, Glasgow (May oie 


ULLARD erably with a >Ph.D 
or with sellin pete nage hive IN Purystos, for sapere at 
various branches of solld- maara physics with cular reference to 
sty Gollago of North S Staffordshire, weeks, Staite (fay 81) 
of No 0 ; 
g ana Grade IL (with special interests tn newer 
stratigra By ene and pean ) m Gronogy—-The B , The 
Lhe 8 (June 1). 
Te n QGHNETIOS IN TEM DAPARTNEET OF BOTANY 
eR rine Lm The University, Leicester (June 4). 
DEMONSTRATOR IN ZOoLOGY—The Eate MW College 
8 une 


(University of Durham), Newcastle upon 
LHOTURER IN PuHILosoPHy—-The Rector, Exeter 


FELLOW AND 
ollege, Oxford (June 4). 
LEOTURNR or ASsistantr LEorurnwR IN PURE Matriemarios—The 
trar, The University, Leicester (June 4) 
ANT LAOTURHR (prepared to teach invertebrate 
ae other than entomo IN ZOOLOGY—— Page mig? Univer- 
sity ollege of North Wales, Bangor, North Wales Or uno 6). 
(with special qualifications in educational hology} 


ty ERovoarron—The Fags label The orn Sheffield {Sane at 
CHEMIST, Assistan paar eter ied Officer or cer 
grade (with a degres m chemistry or odottaen, aton and 
prefers experience in pesticide analysis yali) o ‘HR PLANT PRO- 
THCTIVH Y SECTION, to assist in studies of pestloides In frult 
culture—The Secretary, East Malling Research Station, near Maid- 


stones, Kent (June 10}. 

ORGANIC OHBMIST D. standardia at the Medical Research Council's 
Oarcinoganic Substances Research Unit, University of Exeter, 
work with a team investigating the chemistry of tobacco ‘and 
reese SE Vice-Chancellor, The University, Exeter 

us 

RSSHAROH (with the degree of Ph.D. or about to il 
a Ph.D. thesis) IN THE DEPARTMENT OF Cuopisray, for wor 
collaboration with Dr. J. J. Kipling, involving carbonization of Wor high: 
molecular weight oompounds, graphitization of the resulting carbons, 
and examination of the physical properties of the product with par- 
tioular empbasis on adsorption studies—-The Professor of Chemistry, 


The University, Hall (June 11), 

SENIOR LECTURER IN THERMODYNAIOOS: a SHNTOR LECTURER 
IN RE MCERIGIEY (heavy and light current) ; and a SENIOR LROTURER 
or LEOTURER IN FLUID Dywantos thy aulics or sorodynamics)}— 
The Registrar, "The University, Leicester (June 11). 

SormayTorio OR TROHNICAL Ast (males, preferably with spore 
going or diving E). to assist in a research programme 
e lola the Western Australan sommerolal pial Ash The 

T, 
Woon A Australia (June 14). 
or ASSISTANTS 


quo 


estern Australien Museum, Beaufort Street, Perth, 


Luorvree IN GHBMISTRY at the University 
Mei Gleaner srt ina \ The Secretary, Inter-University 
or Education Overseas, 29 Woburn Square, London, 


in LEBOTURHE IN PURE Marnnxarics at the -Uni- 

of New England, Armidale, New South Wales, Australia- 

tary, Association of Universities of the Bri Common- 

bere ca Gordon Square, London, W.0.1 (Australia and London, 
me 

READER IN Prysrotoay at Sh Marre Ho Hospital Medical Schook— 

The Academic Registrar, Univers on, Senate House, Lon- 


don, Ai (June 21). 
CHAIR O o8 in Canberra University College, Australia 
—The Sono aey. Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.0.1 (Australia and London, 


June 30). 

(with research experience in the biochemical mechan- 
isms of action) In PuHanaacy at the Universality of Sydney, 
Australia—The Secretary, Association of Universities of the pape 
Commonwealth, 86 Gordon Square, London, W.0.1 (Australia and 


London, Jun June 30). 
m meee) enmi uates or students m m Ok this 
Jag dats bi BP cn bite ee THR CANCER 
OH DEPARTHANT, oh wo cal 
eaia—' The Roglstrar, The Te anit maar area PEA 


RAADER Is APPiiep Finrowotocy at Imperial College--The 
Saari Borsa, University of London, Senate House, London, 
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PROFESSOR (specialist in elther applied mathematica or theoretical 
physics) o¥ APPLIED MATHEMATIOS at Rhodes University, South 


Afiica—The Association of Untversities of the British 
Commonwealth, 36 ordon Square, London, W.01 (South Africa 
and London, Jal 


16). 
LECTURER IN Payee METALLURGY at the Umversity of Queens- 
jand, Austraha-—The Secretary, tion of Universities of the 
British cag th 86 Gordon Square, London, W.C.1 (Austraha 


and London, J fs A 

LRCTURMR h qualifications ın either pure or applied mathe- 
matics) IN ee oe at the University of Canterbury, Christ- 
church, New Zealand—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W C.1 (New 
Zealand and London August 8). 

BOTANIST (PLANT BREEDER) (with a good honours degree in bo 
and at it ao two years Lae mateo et PAER referably wi 
perennial crops) in Ugan od earieilen of 
Arabica coffee resistant to rust; to Doctor Ata comme UbIey i Ah 
tems; and to conduot variety trials on Robusta and Arabica co 
—The Director of Recruitment, Colonial Office, London, 8.W.1, 
quoting BOD.63/9/034/T. 

EXPERIMENTAL STAFF (with a d or H.N.G., and ence 
in one or more of the following fi : tronics, vacuum te ques, 
nuclear counting methods, o ental naa experimental physica), to join 
a team nuclear reactors an 


ra FISHERIES OFFICER (with a good honours ce in natural science 
(zoology), exper 

‘or 
Colonal‘Office, London, 8.W.1, quoting BOD. ONT 


» LEOTURER (with high qualifica ons ın electronics and communica- 
hone) IN ELROTRICAL ENGINEHRING—The Registrar, The University, 


e9) TO TRACH PHYSIOS up to “A” or 
estminater School, 17 Dean’s Yard, 


MASTHR (with an honours de 
“R level—The Headmaster, 
London, 8.W.1. 

PLANT PHYSIOLOGIST (with a good honours degree in elias Aes 
chemistry with specialization in plant physiol and not less 
two years suitable postgraduate experlence or eerie) in Tanganyika, 
for research work on coffee, with cular reference to over-bearing 
and plant nutrition, and to collaborate with other specialists—The 
BED Ona /ee ae Colomal Office, London, 8.W.1, quoting 

POSTDOCTORAL RESHARCH FRLILOWS IN INORGANIC CHEMISTRY, 
with special reference to transitional mel complexes and Organo- 
metallic compounds—Prof. G. Wilkinson, Im College of Science 
and Technology, London, 8.W.7. 

RHADER ( th the cations and experience to direct research 
and png DoLraaue te work, and to take a leading part In advanced 

training) IN pRB MAOOUORES Ehe Registrar, Bradford Institute of 
Technology, Bradford 7 

RESRARCH HRLLOW (with a good degree in electrical ee 
physics or chemistry, and some research or Industrial ence 
IN THEBE DBPARTMENT OF BLEOCTRICAL ENGINEERING—-The trar, 
Queen Mary Oollege (University of London), Mile End Road, London, 


gee O¥FIOHR, Grade I (honours graduate in zoology, Bo bota 
or agrivulture; a ractical knowledge of modern methods 
trol, an erably administrative ability) IN THE P 
TION SECTION, Bri Railways Research D ent, Manchester— 
Director of Research (British Hathvays), Bri Transport Commission, 
222 Marylebone Road, London, N.W.1. 


REPORTS and other PUBLICATIONS 


(not indudad in the monthly Books Supplement) 
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Government of Northern Ireland : of Agriculture. Leaflet 
123: Fowl Paral and Related Conditions in Poultry. Pp. 5. 
: Agriculture, 1960.) Paos 
orta, No. 22: 

of dice. 
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nery Office, 1959.) 5s. net. 
0 Research Association. piktogrami ot ee 
PubHcations, 1988-1950. Pp. 1+409. eee oa 


tion 

Departm 
Progress in Industry Human Problems of Innovation. Based 
on a ae of some tee firms by Tom Burns ond F M. Stalker. 


EA amam a a tationes o omeo, R na [28 
Prai aly” aaoi Fossils 


Pp. T4180 ae plates). (London: 

ory) s 1959.) 63. 23 
Research. Annual Re 

TT Pi e pete : The Macaulay tute for 


anere Weatarah, 1006, of eines and Teahnelogy, aaa of London). 
Postgraduate Courses, 1960-61. TP oan) 1 (London: Imperial 


College of Science and Techno [28 
tin of the British Museum. (Natural Histor. Bo . Vol. 2, 

No. 5... The Polypodiaceae and Grammitidaceae of Ceylon. W. å. 
Sledge. P FD. 181-158. (London: British Musenm (Natural me 
nt of Northern Tonia: Ministry of Agriculture. Leaflet 
No. 84: Lime and Liming. Pp. 7. (Belfast: Ministry of Agriculture, 
1960.) [78 
Technical Possibilities of a Thamea Flood Barrier. . 29. (Omnd. 
956.) (London: H.M. Stationery Office, 1060.) 8s., dd, net. [78 
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Research Bulletin of the Panjab Untvermty. No. 148 (Zoology): 
gel ela and ee coe Studies of the Lipids in pogen 
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OOLOgY olo o fotoga nia irashypieris 
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mons of the Spinal and epee ¢ Neurones of Mammals. hess 8. K 
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te Hixtenso-Beobachtungen Deutscher Kilmastationen. 
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DER the Government’s five-year plan for 
3 ‘Secondary Education for All’, a phrase which 
seemed to be popular in official circles fifteen years 
ago, nearly £300 million will be spent on new and 
improved secondary schools. About 1,000 new 
science laboratories are being erected and equipped 
each year, and although most of these will be in new 
schools, special attention is being given to the needs 
of existing grammar schools. There has been a 
"steady increase in the number of graduate teachers 
of. science and mathematics in the past few years. 
But this number ıs still not satisfactory, and the 
general level of the qualifications of science and 
mathematics teachers is even worse. Although rt 18 
admitted that there is & position ın the grammar 
school for the lower second-class, the third-class or 
the pass-graduate, successful science teaching demands 
a scientific ability and background, cultural in the 
fullest sense of the term, the incidence of which is 
not erat. A pleasing feature of the present situation 
is the probability of better standards in some of the 
training colleges because of the extension of the 
course to three years. 

A recent Ministry of Education pamphlet*, which 
modestly describes itself as such although it runs to 
164. pages, is timely and stimulating although it does 
not say much that is new. It is written enthusiastic- 
ally by a group of Her Majesty’s Inspectors whose 
aim is to help to stimulate the better teaching of 
science. The authors do not make the mistake of 
trying to provide syllabuses for each type of secondary 
school, and, although a few matters are selected for 
detailed consideration and illustration, the treatment 
of the topics is general. The booklet commences, as 
does “The Teaching of Science in Secondary Schools” 
compiled by the Incorporated Association of Assistant 
Masters and the Science Masters’ Association, pub- 
lished some months earlier, with a short history of 
science teaching in England and a short but very use- 
ful account of the English tradition of science teaching. 
These matters are worthy of serious study, because 
only by a reasonable assessment of past failures and 
successes can we hope to build satisfactorily in the 
future. 

Of particular interest is a revealing chapter, which 
could only have been written adequately by H.M. 
Inspectors, on conditions under which science is 
taught in Britain. Then follows a chapter of three 
pages on the development of children and the teaching 
of science. This seems to be the core of the whole 
matter and it will be noticed later. There are useful 
chapters on the design of science courses and some 
hints on the approach to general science. 

The book makes a plea for a more honest, stimu- 
lating and pedagogical approach to what is so often 


* Minstry of Education. Pamphlet No. 88: Science in Secondary 
Sohools. Pp. H TEEI E plates. (London: H.M. Stationery Office, 
1960) Gs. 
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ECONDARY SCHOOLS IN BRITAIN 


wrongly called experimental work in schools. There 
are objections to heuristic methods in ther crudest 
forms, but the ideas of H. E. Armstrong, a remarkably 
fine teacher of chemistry, should be considered in 
relation to modern requirements and possibilities. 

The investigation of some simple problems in - 
dynamics and spparent solar diameter, chosen, no 
doubt, to escape for a while from the beaten track of 
elementary science teaching, have been given a 
detailed treatment and ulustrated with excellent 
photographs and diagrams. | 

The teaching of biology, chemistry and physics are 
succinctly reviewed in order. Part 4 of the book 
deals briefly with practical considerations of im- 
mediate importance: the design of laboratories, 
laboratory assistance, apparatus-making and suitable 
tools for this task. Once again, the qualities of a 
good science teacher are set out. The interesting 
thing about this is that it has been said so often 
before and ın the same terms, but with little effect. 
Perhaps it is pessimistic to suggest that few science 
teachers recruited since the end of the War will meet 
the desiderata so ably set forth. 

It may be hypercritical to note such a sentence 
as: “It is simple to tow a trolley fitted with a 
speedometer by means of æ spring balance” and to 
call a difference of 5 per cent in the results of simple 
astronomical observations a close agreement. With 
so many topics briefly considered in so short a space, 
it has been difficult to avoid occasional superficiality. 
Chapter 10, a short essay on scientific method and . 
the place of mathematics in it, is brilliant. There is 
a great deal of useful matter in this little book, and 
much of its worth only reveals itself by @ second ` 
careful reading. It ıs the product of the mature 
thought of many able minds and is warmly recom- 
mended not only to actual and potential teachers of | 
science and educationists in general but also to all 
those who have any interest in science. With all 
this, however, there ıs still one important matter— 
in fact, the most important—on which a little has 
been said in Chapter 4 and, indeed, little ıs known. 
Under the Education Act of 1944, secondary educa- 
tion was divided into grammar, technical and modern. 
The grammar schools contmued on the way which 
had been laid down for them by the syllabuses of the 
external examinations, with perhaps a alight tendency 
to more enlightenment in methods and content in 
acience teaching, but with still too great a stress on 
the ‘facts’ of elementary scrence and the repetition of 
simple, well-tried demonstrations, usually with much 
dictation of notes. Some schools did and do make 
an earnest endeavour to get the best out of science 
teaching by considering the nature of the study, the 
planning and carrying out of experiments, the methods 
of dealing with observations, the problems of error 
and confidence, the applications of science, the 
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scientific spirit and so on; but too often science 

teaching was measured by its efficiency in producing 
passes at Ordinary Level, and in the sixth form at 
Advanced Level, in the General Certificate of Educa- 
tion examination ; and in many schools, partioularly 
girls’ schools, it was not efficient even there. 

The secondary technical school in Britain has 
suffered through lack of equipment and teachers, 
but in the former there is much improvement. 
Selection for secondary technical schools is largely 
unsatisfactory, since the more intelligent children 
among those who fail to secure places in grammar 
schools are sent to technical schools. A consideration 
of the selection problems for children suitable for 
technical education is long overdue. Finally, there 
are the secondary modern schools. It is not unfair 
to say that, even wrth a certain tradition inherited 
from the central schools, they have largely failed to 
find a philosophy or even a scheme of work for them- 
selves. No doubt the problems of staffing such schools 
with men and women with adequate science and 
teaching qualifications have been insuperable. Never- 
theless, in view of some of the recommendations 
of the recent Crowther Report, the future of the 
secondary modern schools 1s of paramount import- 
ance. Thero can be little doubt that their compara- 
tive failure to establish themselves educationally and 
socially has led to cries, with political overtones, for 
comprehensive, bilateral and other schools. 

The science-teaching triangle is child, teacher, 
equipment. The best equipment in the world—and 
much of it in British schools is surprisingly good— 
does not make a good teacher; and even a good 
teacher will not improve the intelligence of a child, 
oven if good teaching may awaken interests and may 
apply whatever natural intelligence is found in the 
pupil to the best advantage. 

Much research is necessary concerning the child- 
mind in relation to science, and should be undertaken 
by institutes of education and postgraduate teachers. 
Various natural bents, intelligences and levels of 
maturation will have to be considered in relation to 
the scope and content of science syllabuses, the 
_ origins of interest, and the methods and techniques 
of teaching—and all this in relation to the various 
aims which educationists have in mind, in teaching 
science at all. 


THE DILEMMA OF THE FAR EAST 


Population and Progress In the Far East 

By Warren 8. Thompson. Pp. ix-+443. (Chicago: 
University of Chicago Press; London: Cambridge 
University Press, 1959.) 56s. ‘6d. net. 


i Beare is an important book about an important 
subject——the struggle of half of the world’s 

people to keep production ahead of population 
growth. Its merit lies essentially in the wealth of 
information and analysis it supplies about the basic 
resources, technologies, economic policies and social 
customs which governments of Asian countries are 
desperately attempting to manipulate to break 
through the Malthusian barriers of subsistence. 
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Chapter by chapter, Prof. Thompson lays out the 
patterns in Japan, India, China, Pakistan, South-east 
Asia and Taiwan and Korea 

The reader naturally hopes that out of the great 
knowledge which Prof. Thompson displays there will 
emerge a pattern of hope; but his conclusions are 
sober, if not gloomy. He warns that even Japan, 
now generally lsted as Asie’s most prosperous* 
country and the one clear case of population control, 
is yet in a precarious position, with a cultivated area 
still leas than in 1940 and a trading area reduced to 
“about what ıt was in 1872’. Compared with the rest 
of Asia, Japan is well advanced along the roads of 
both economic growth and demographic transition. 
Not so India, where the author concludes that of the 
vast uncultivated areas of 124 million acres, probably 
only 25 million are cultivable, or only enough to take 
care of present rates of population growth for some 
4 or 5 years. However, Prof. Thompson does admit 
some prospect of increased productivity and of raising 
investment to some 10 per cent of national product, 
or sufficient to cope with a population increase of 
about 1:7 per cent and to bring some slight rise in 
hving standards. But short-run gains will become 
losses unless the rate of population growth can be 
slowed, down. 

As for China, Prof. Thompson also doubts some of 
the more optimistic claimg about unused resources ; 
and emphasizes that if the 1953 census and subgecfuent 
official pronouncements about the annual rate of 
population growth of some 2 per cent are correct, 
the Chinese problem may prove even more intractable 
than that of India, although China has almost 
certainly a much greater area of cultivable but 
unused land than India. 

On the general issue of how to achieve a successful 
take-off in the proceas of economic growth, Prof. 
Thompson shows himself to be an ardent agricultural 
democrat and traditionalist. His warnings against 
undue expectations from innovations, over-capitali- 
zation in enterprises that could best be carried out 
by more intensive use of labour, and insufficient 
attention to the strength of traditionalism leading to 
false optimism about the speed with which controls 
over the rate of population growth can be introduced, 
are all timely. Nevertheless one feels that he may be a 
little too conservative here, considering the rate of 
change that has occurred, and is so clearly still 
occurring, throughout the whole Asian and African 
world. 

The biggest issue is whether the processes of 
economic growth and population control can be 
accomplished within a democratic framework. Prof. 
Thompson looks with hope to the Indian pattern, 
although even here he fears there may be too much 
emphasis now upon industrialization and not enough 
upon production of food and fibres, which he con- 
siders “will almost certainly be the chief source of 
capital” in all Asian countries. I share his hope 
that these great issues will be resolved within demo- 
cratic frameworks ; yet there is no proof that they 
will be, and we have to face the issue that, however 
much we dislike their political system, the Chinese 
do seem to be making as much progress as the Indians 
in trying to resolve the Malthusian dilemma of 
keeping the tortoise of production ahead of the hare 
of population growth. 

Prof. Thompson's informative and thoughtful book 
is warmly recommended to those who want to 
think on the world’s other great explosion—popula- 
tion growth. W. D. Borgir 
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MAN AMONG THE PRIMATES 


The Antecedents of Man 

An Introduction to the Evolution of the Primates. 
By Prof. Sir Wilfrid E. Le Gros Clark. (Edmburgh 
University Publications: Science and Mathematics 
Texts, No. 2.) Pp. vii+374. (Edinburgh: At the 
University Press, 1959. Distributed by Thomas 
Nelson and Sons, Ltd., 1959.) 21s. net. 


E GROS CLARK’S “Early Forerunners of Man” 
(1934) is one of the basic studies in primatology ; 
but it has long been unavailable, the stock having 
been destroyed by enemy action during the War. 
It is also now seriously out of date because of the 
great increase in knowledge of fossil primates during 
the past quarter.century. The Munro Lectures at the 
University of Edinburgh in 1953 gave Le Gros Clark 
occasion to review the whole subject, and he has now 
published what is essentially a revision of the earlier 
book, incorporating the substance of these lectures 
and also discoveries made since 1953. 

“The Antecedents of Man” covers the same field 
and has nearly the same organization as ‘“Harly 
Forerunners of Man”. The bulk of the book, as 
before, comprises a series of chapters on the com- 
parative anatomy of the dentition, skull, limbs, 
brain, special senses, digestive system, and reproduc- 
tive system of the primates. All are treated from a 
taxonomic and phylogenetic point of view. Fossil 
évidence on the hard parts and endocranium is 
included. These chapters do not differ greatly from 
the earlier version but have been well brought up to 
date. A wholly new introductory chapter on modes 
and processes of evolution and the mterpretation of 
pertinent evidence is a useful and welcome addition. 
An older chapter on the reference of the tree-shrews 
to the primates, a radical idea in 1934 but now widely 
accepted, has been eliminated, and the evidence has 
been given where appropriate in other chapters. 

The revised final chapter on evolutionary radiations 
of the primates particularly reflects new paleonto- 
logical discoveries. Among the earlier forms there is 
less msistence on & sharp tarsicid-lemuroid dichotomy 
and on derivation of anthropoids from definite 
tarsioids. Among the later forms, discovery of the 
australopithecines and recognition of their near- 
ancestral relationship to man has made the greatest 
difference. Le Gros Clark was among the first to 
recognize that relationship, and he has maintained 
it in the face of polemic criticism. He may be excused 
a measure of satisfaction, here only faintly expressed, 
that time and further discoveries have proved him 
right in the opinion of the great majority of his 
colleagues. Another extremely important body of 
discovery since 1934 is abundant Miocene primate 
material found by Leakey in central Africa and 
described in large part by Le Gros Clark himself. 

The taxonomy of early (Palwocene to Oligocene) 
primates and their relationships to various primitive 
insectivore-like groups is now again in a fluid state. 
From that point of view, this is an unfortunate time 
to review the group, and this part of the discussion is 
already becoming out of date. However, one can 
scarcely wait for study to stop before summarizing 
past results. 

The book is not written down to a popular audience, 
but it assumes only minimal knowledge of anatomy 
and zoology. It might, indeed, be considered some- 
what elementary for use as a text-book as suggested 
by author and publisher. For that and also other 
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purposes the absence of a formal reference sinseifiog: 
tion is unfortunate. ' 
There are numerous books, even good books, on 
fossil man and human origins. This is the only book 
that places man in true perspective within the whole, 
order Primates and ite seventy milion years of 


history. It is an excelent synthesis and summary, 
and it is warmly recommended. G. Q. SIMPSON 


ASPECTS OF AERONAUTICAL 
SCIENCES 


Advances in Aeronautical Sclences 

Proceedings of the First International Congress on 
the Aeronautical Sciences, Madrid, 8-13 September, 
1958. Edited by Th. von Kármán, A. M. Ballantyne, 
R. R. Dexter, H. Bienk, H. L. Dryden and M. Roy. 
Vol. 1: Pp. vii +1562. Vol. 2: Pp. vii -+563-1144. 
(International Series on Aeronautical Sciences and 
Space Flight. Division 9: Symposia.) (London and 
New York: Pergamon Press, 1959.) 200s. net the 
set of two volumes. 


HE papers recorded in these two volumes were 

presented at the firat international congress 
organized by the newly formed International Council 
on the Aeronautical Sciences, and it is hoped that 
similar meetings will be sponsored in different 
countries every two years or thereabouts. 

It would be an impossible task for any one reviewer 
to comment with authority on more than a few of the» 
papers presented, since they cover an immensely 
wide range of aeronautical science. Forty-six in 
number (eight in French, four in German, one in . 
Spanish, the remainder in English) they embrace, 
intier alia, mathematics and materials, medicine and 
mechanics, mixed flows and magnetohydrodynamics. 
There are general surveys of fields of knowledge, and 
origmal contributions ; the speed-range covered runs 
from the zero forward velocity of a vertical take-off 
aircraft to the escape velocity of a satellite. I can 
therefore do no more than skip through the volumes, 
notmg here and there a paper of particular interest, 
and finally giving an overall impression. 

In the formation of the International Council on 
the Aeronautical Sciences and the promotion of the 
congress, financial assistance was received from the 
Guggenheim Fund for Aeronautics; it is therefore 
appropriate that the Proceedings open with the first 
Daniel and Florence Guggenheim Memorial Lecture. 
It was delivered by Th. von Kármán, and entitled 
“Some Significant Developments in Aerodynamics 
since 1946”. It gives a very readable survey of thé 
subject, ranging through supersonic and hypersonic 
speeds to Newtonian flow, and then over boundary- 
layer theory and turbulence. One plea should be 
quoted: “I believe that a systematic nomenclature 
and classification of these new branches of combined 
fluid mechanics, electromagnetic theory, and thermo- 
dynamics is yet lacking”. One may say ‘amen’ to that. 

There follows a group of papers dealing with various 
problems of high-speed flight—design, navigation, 
propulsion, the theory of hypersonic flow; an 
informative little essay from the pen of Lighthill on 
the dynamics of a dissociating gas is followed by a 
substantial paper on American experimental work on 
hypersonics. Next, three papers concerned with 
thermal effects on structures and one on oscillatory 
transonic derivatives appear (the authors being 
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respectively Dutch, Italian, French, and Swedish). 
The first volume is completed by a dozen papers m 
groups, dealing with heat transfer, noise (both 
physical and bio-acoustic), and automatic control. 
The second volume opens with a series of sub- 
stantial papers on boundary layers (particularly 
boundary-layer control). Next, two general papers 
survey respectively the subjects of saero-elasticity 
and of hypersonic flow; they are followed by two 
papers on ring aerofoils. An interesting Russian 
contribution from Dorodnicyn deals with the analy- 
tical difficulty of caloulation in the transonic region, 
when the governing equations are changing from elliptic 
to hyperbolic type. Vertical take-off provides the 
subject for the next group; materials for heat resist- 
ance are then, discussed in three papers. Two papers 
on telemetry, three on aviation medicine matters, 
and three on propulsion methods for astronautics 
(mcluding ionic propulsion) conclude the volumes. 
The general impression gained from browsing 
through these volumes is entirely favourable. To 
weld such a variety of papers from so many different 
sources into a coherent whole must have presented the 
editors with a major task; they are to be con- 
gratulated on the result. The volumes are admirably 
printed, and only one or two misprints were noticed. 
As regards the papers themselves, I do not feel 
competent to judge more than a few, which I found 
of high standard; in the many other fields I found 
much of interest and many papers which mvite a 
second more careful reading. A. R. COLLAR 


PROGRESS IN METAL PHYSICS 


Progress In Metal Physics 

Vol. 7 (1958). Pp. viii 4-408. 110. net. 

Vol. 8 (1959). Pp. viii +330. 90s. net. Edited by Dr. 
Bruce Chalmers and Dr. R. King. (London and New 
York: Pergamon Press.) 


O say that these two volumes maintain the 

standard, and the interest, of their predecessors 
in this series is in itself high praise which is fully 
deserved. To the authors of the articles—and to the 
editors it should not be forgotten—are due the thanks 
of all concerned with the ultimate structures of 
metals, their transformation by heat or mechanical 
deformation and their alloys. 

Volume 7 contains an account of work on the equili- 
brium, diffusion and imperfections in semi-conductors, 
justified, as if this were necessary, by the fact that 
single crystals of silicon and germanium are now 
available of a purity and perfection which surpass 
those of metal crystals “by many orders of magni- 
tude”. The paper on the physical metallurgy of 
titanium alloys is a discussion in terms of the funda- 
mental factors involved, of the question ‘What 
additions form useful alloys with titanium ?’’. It is 
obvious that the last words in the perennial problems 
of the thermodynamics and kinetics of martensitic 
transformations have not yet been said, as ig 
abundantly evidenced by the noteworthy progress 
made in the past decade, which is excellently sum- 
marized here. That that part of the mechanical 
energy expended in deforming a metal and stored up 
in the deformed structure is the essential feature of 
the cold-worked state has, in general terms, been 
recognized for many years. That it is the cause of 
the instability of this structure is equally well known. 
The account, therefore, of the extent to which this 
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qualitative treatment may be developed into a 
quantitative treatment is to be welcomed. The final 
article, a second one on the properties of metals at 
low temperatures, deals particularly with thermal 
conductivity, on which a large amount of work has 
been done, and on certain mechanical properties. 

Volume 8 commences with still a third review in this 
series of the work-hardening of metals. Despite this,” 
the account of new work extends to some hundred 
pages with getting on for two hundred references. 
Alhed to this is an article on X-ray studies of deformed 
metals. The fact that metallic crystals are never 
perfect has long been known, and an account of the 
defects in pure metals discusses the subject from the 
point of view of modern knowledge. “Ten years of 
fairly intensive work has yielded a moderately com- 
plete experimental picture of copper and gold, and 
the theoretical estimates are apparently reasonably 
accurate”, but “it would be unreasonable to expect 
to find any easy way of extending our knowledge to 
other metals”. 

Two articles remain to be mentioned, one a very 
welcome discussion on grain boundaries. After a 
period some thirty to forty years ago when thesé 
boundaries were the focus of metallographic thought, 
this, under the influence of the then new X-ray 
techniques, moved over to the structure of the crystals 
themselves. In view of the profound importance of 
the grain boundary on the properties, it is a Redlthy 
sign that their nature, still very far from being fully 
understood, should once again be a subject of investi- 
gation. Finally there is an account of the sub- 
structures in crystals grown from the melt, a matter of 
most obvious significance. The cellular structure on 
the solid-liquid interface of such a crystal of tin, Fig. 
15, is so full of interest that ono is led to wonder 
whether the old Quincke hypothesis might not repay 
renewed examination at the hands of a modern 
physical metallurgist. 

An almost incredible amount of work is sum- 
marized in these volumes, and the need of men well- 
versed in such matters who can, and are willing to, 
apply this knowledge to modern industrial needs 
requires no emphasis. F. C. THompson 


FLAME AND EXPLOSION OF 
GASES AND VAPOURS 


Explosions, Detonations, Flammability and Ignition 
Part I: Selected Analytical Studies on Explosions, 
Detonations, Flammability Limits, and Ignition of 
Gases, and on Heterogeneous Burning. By Prof. 
S. S. Penner. Part 2: Experimental and Theoretical 
Studies of Flammability, I[gnitibility and Explosion 
Prevention. By B. P. Mullins. (AGARDograph No. 
31.) Pp. xi+287. (London and New York: Per- 
gamon Press, 1959. Published for and on behalf of Ad- 
visory Group for Aeronautical Research and Develop- 
ment, North Atlantic Treaty Organization.) 70s. net. 


HIS work is largely an account of recent advances 
in fundamental knowledge of initiation and 
propagation of flame in engines powered by gaseous 
and liquid fuels. Other subjects, such as the extinction 
of flame and the explosion of clouds of certain 
metallic powders and coal dust, have comparatively 
brief notices. Solid explosives are not included. 
The work has two principal foci, one being the 
major interests of a professor of jet propulsion and 
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the other of an officer of the National Gas Turbine 
Establishment. The two parts are written almost 
independently, and might well have been publshed 
separately. Indeed, the introduction to Part 2 
claims that “it is often evident that a semi-empirical 
thermal approach can yield results which are much 
„more accurate than a basic theoretical treatment 

which can usually only indicate orders of magnitude”. 
A closer correlation of theory and experiment may 
be possible some day, but the authors, in their joint 
- genéral ‘introduction, say that “much more work 
must be done before we arrive at anything resembling 
a complete theory of, for example, flammability 
limites and ignitibility, particularly in heterogeneous 
systems”, and hope that their monograph “will 
stimulate fresh ideas and indicate areas of combustion 
research in which future effort might be directed 
fruitfully”. 

Both parts of the book are based on a detailed 
knowledge of recent advances (up to about 1958) m 
the study of flame and explosion ın gases, vapours 
and mists. The authors quote from their own con- 
tributions, some of which have not previously been 
published, and from available papers from many 
sources, including some important Russian work. 
The bibliographies seem to be thorough and carefully 
prepared; and the few errors that I have noticed 
(for pxample, the mis-spelling of the names of Blecher, 
Barth nd Couriot) will not seriously inconvenience 
anyone. 

The reference (p. 113) to ‘‘Semenov’s original 
postulate that an ignition temperature is that 
temperature at which the initial loss of heat due to 
thermal conduction etc. is equal to the heat liberated 
at the same time by the chemical transformation” 
must have been written in ignorance of Van’t Hoff’s 
postulate (“Etudes de Dynamique Chimique’’, 1884), 
which reads “Le température d’inflammation est celle 
à laquelle la perte initiale de chaleur, die & la con- 
ductibilité etc., est égale à la chaleur que eo en 
méme temps la transformation’’. 

Although the chief value of the book is its review 
of the researches of the past ten years or so on gaseous 
combustion in relation to engines, it will be of much 
valué to a wider circle concerned with the use or 
suppression. of flame. The book is not for beginners, 
who have (as the authors repeatedly indicate) the 
works of Bone and Townend, Jost, and Lewis and 
von Elbe in which to find summaries of the older 
researches on this very intricate subject. 

H. F. Cowazp 


ARTIFICIAL INSEMINATION IN 
CATTLE 


Lehrbuch der Rinderbesamung 

Grundlagen, Technik, Organisation und ziichterische 
Probleme der Samenube beim Rind. Von 
Dr. Karl Eibl. Pp. xv +485. (Berlin und Hamburg : 
Verlag Paul Parey, 1959.) 74 D.M. 


HIS book is a thorough and detailed compilation 

of facts from the literature about artificial 
insemination in cattle. While a list of the main books 
on the subject is given, no references to original 
papers are listed although names and dates are given 
in the text. It is arranged in six sections the scope 
of which are indicated by some of the examples 
quoted below. Section 1 deals with the anatomy 
and histology of the male organs. The structure of 
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spermatozoa, the pathology of spermatogenesis and 
abnormal forms are well illustrated. Different forms 
of artificial vaginas and electro-ejaculation are 
described. Methods of semen examination such as 
the impedance test, staining for live and dead sperm 
and for fructolysis are outlined. In Section 2 the 
female organs are described. A good illustrated 
account is given of the development and timing of the 
fertilized egg from ovary to uterus. Conception 
rates are also dealt with. Section 3 outlines the 
history, development and present state of artificial 
insemination im different countries. Various methods 
for proving bulls for milk and type are also described. 
The practical problems of the organization of artificial 
insemination stations are given in Section 4: plans 
are given for the layout of centres. Methods of 
feeding and examining bulls for disease and impotency 
are included. The significance of testes volume ıs 
also discussed. Among the various things described 
in Section 5 are the different dilutors and the blood 
grouping of sires and thei offspring. Details and 
illustrations of the apparatus used ın the deep-freezing 
of semen are given and semen banks are discussed. 
Reference is also made to the carbon dioxide method 
of storage at room temperatures. In Section 6, and 
algo elsewhere, the problems concerned with semen 
infected with Vtbrio or Trichomonas are discussed. 
This is a very useful book to consult on all questions 
of artificial insemination in cattle. J. HAMMOND 


ADVANCES IN VETERINARY 
SURGERY 


The Veterinary Annual, 1959 
Edited by W. A. Pool. Pp. xxiv+363-+36 plates. 
(Bristol : John Wright and Sons, Ltd., 1950.) 42s. 


O veterinary periodical has as yet, as a matter of 

editorial policy, sought to provide a comprehen- 
sive selected abstract service. “The Votermary 
Annual” aims to satisfy this need, and the first 
edition has made a very good start. 

It must be judged mainly on the adequacy and 
topicality of its reviews of the current literature, 
which provide the main bulk of the text. The 
literature of 1958 and part of 1959 is covered in most 
of the sections as topically as any annual published 
in early 1960 can be. The reviews cover the diseases 
related to bacteria and fungi, to protozoa, viruses and 
parasites, nutritional and metabolic disorders, repro- 
duction and reproductive disorders, neoplasms, 
radiation and radiology, pharmacology, toxicology, 
physiology, surgery, technique and apparatus and 
public health. 

The editor, W. A. Pool, has contributed several 
soctions himself, and these are a good indication of the 


- high standard he is settmg. He has also avoided, and 


restrained his contributors (one or two apparently 
with some difficulty) from, covering up & deficiency of 
research results by theoretical exercises which may 
only mislead the veterinary practitioner who is not so 
well informed on these matters. Indeed the mere 
fact that these deficiencies due to lack of progress m 
research are obvious is to the credit of the editor and 
his contributors. 

One major deficiency is the lack of reports of clinical 
trials of new drugs. This is emphasized by the list of 
fifty new drugs and appliances together with manu- 
facturers’ descriptions—many of which may never be 
competently evaluated. 
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Besides the very adequate review of the current 
literature there are a number of special articles 
describing veterinary work in the United States of 
America, Denmark, Sweden, Canada, Australia, 
New Zealand, Central and South Africa. That by 
Smithcors about the United States of America is an 
excellent introductory article which sets a very high 
standard for those to follow. Various aspects of 
veterinary practice in Great Britain are also covered, 
under the headings of country practioe, horse 
practice and small-animal practice. Here the con- 
tributors are too vague and in none does the standard 
approach that of Smithcors or of the introduction to 
greyhound racing by Bateman. In the next edition 
the editor might pay attention to some of the subjects 
discussed in his own preface. Contributions relating 
new methods of husbandry and feeding to the wide 
range of standards of management existing in Great 
Britain would certainly become a most fruitful new 
venture. It should be noted that the small list of new 
publications included in the book cannot be con- 
sidered by any means exhaustive. 

This annual is strongly recommended to all those 
many veterinary surgeons and field research workers 
who lack adequate library facilities or a comprehensive 
abstract service. G. N. Govnp 


STEROID CHEMISTRY 


Steroids 
By Prof. Louis F. Fieser and Mary Fieser. Pp. 
xvii +945, (New York: Reinhold Publishing 


Corporation; London: Chapman and Hall, Ltd., 
1959.) 1448. net. 


HIS book represents the tourtn edition of one 

first published in 1936 under the title “Natural 
Products Related to Phenanthrene’’, the third edition 
of which was published in 1949. The present book 
deals entirely with the chemistry of the steroids, 
which have become by far the most important group 
of naturally occurrmg phenanthrene derivatives. 

The reviewer’s task is a pleasant one because this 
18 & superb presentation, both for the specialist and 
for the general reader. Biological and commercial 
interest m the steroids over the past ten years has 
stimulated a vast amount of chemical research. This 
might have proved dull, but in fact it has been 
intimately connected with new applications of 
physical techniques (for example, infra-red spectra 
and rotatory dispersion), new theoretical ideas such as 
conformational analysis, and the development of new 
reagents. It might fairly be claimed that the steroids 
have set the pace for the development of alicyclic 
chemistry over the past decade. 


This book can be read with pleasure and profit by, 


workers in any field of organic chemistry, including 
the specialist on reaction mechanisms, the synthetic 
organic chemist, the worker who is concerned with the 
application ofnow instrumental methods, eto. Not only 
does this book review most admurrably the literature 
of the subject ; but also the authors in many places 
add their own interpretations and generalizations— 
and furthermore they pose new problems for research. 

All ts of steroid chemistry are covered, and 
although the book does not pretend to be a complete 
catalogue of all the facts, the wealth of detail is such 
that it may be feared that many research students 
will be tempted not to bother to look at the original 
literature. 
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The general chapters of the book cover the following 
topics: Chapters 1-2, introduction and structure of 
the steroid skeleton; 5, physical methods of char-. 
acterization; 6, oxidation; 7, enes and ols; 8, 
ketones; 9, displacements and rearrangements ; 


_10, stereochemical correlations and conventions. 


The specialized chapters deal with all the main 
groups of steroids as follows: Chapter 4, vitamin D ; 
Ll, sterols ; 12, methylsterols (including the tetra- 
cyclic triterpenoids) ; 18, biosynthesis of cholesterol ; 


14, bile acids and alcohols; 15, cestrogens; 16, 
androgens; 17, progestogens; 18, homo- and 
nor- steroids; 19, adrenocortical hormones; 20, 
cardiac-active principles; 21, sapogenins; 22, 


alkaloids. 

The book is lavishly illustrated with structural 
formulas, many of them three-dimensional. A pleasant 
feature is the inclusion of many personal notes 
about workers in the field; such insertions would be 
annoying if they took the place of good factual and 
theoretical information, but when they are added toa 
fine scientific presentation, they contribute greatly to 
the interest of the book. ; 

One of the most important facts about this book is 
that itis so up to date. The date of publication in the 
United States was July 1958; there are many 1959 
references, and others to work then unpublished. 
Many monographs to-day suffer so much from geripus 
delays in editing, printing, revision, ete., that this 
book must provide authors and publishers: with a 
model of what can be achieved; typographical 
accuracy and the clarity of the formule leave nothing 
to be desired. anes 

The more one reads of the book the more one is 
amazed at the way in which the two authors have 
combined a broad view of the subject with a wonderful 
grasp of detail. It is significant that in a book of 900 
pages they have not followed the common trend of 
making it a collaborative effort. They have, however, 
obtained the help of colleagues in the field in another 
way; the entire manuscript was read by six steroid 
chemists outside the authors’ laboratory ; individual 
chapters and sections were sent for comment to 
nearly every senior worker in each special branch of 
the field, and the authors generously acknowledge the 
very valuable help of these colleagues. 

Jf I may offer one or two ions regarding 
further improvement of the book in its fifth edition, 
they are the following: the subject index, although 
very full, might be extended by the inclusion of an 
index of formula of the pattern used in Chemical 
Abstracts, and also an index of reactions; this 
might be of the type used in Theilheimer’s “Synthetic 
Methods”, or perhaps it would be more popular if it 
did not need a special technique for decoding. The 
authors have indexed some classes of reaction, 
including oxidation, reduction, hydrogenation, but 
not, for example, hydrolysis. Another useful addition 
to the index would be the names of ‘classes’ of 
compounds, such as glucuronides and sulphates. 

All steroid chemists will be still further indebted 
to Prof. and Mrs. Fieser for this wonderful achieve- 
ment, and it is hoped that many other chemists will 
take advantage of the mass of information and ideas 
which is laid before them in this book. 

The minor criticisms of the index are rather like the 
comments of the traveller who directed attention to 
the ticking of the clock in a Rolls-Royce—for this is 
indeed a Rolls-Royce among monographs of organic 
chemistry. W. Krynn 
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Applied Hydrodynamics 
“By H. R. Vallentine. Pp. vili+272. (London: 
Butterworths Scientific Publications, 1959.) 50s. 


-7“AOS is a text-book not so much of applied 

hydrodynamics as of classical theoretical Lydro- 
dynamics m an accessible form for application. It 
13 meant for students of engineering and physics 
as well as applied mathematics. 

The mathematics -of the subject is expounded in 
some detail. A student with limited mathematical 
ability will probably find enlightenment here on 
subjects about which he would learn little from a 
more concise account, though occasionally he may 
have difficulty in seeing the wood as well as the 
trees. 

In an introductory chapter, readers are forewarned 
of the important differences between inviscid and 
real fluid-lows. This is welcome. The matter might 
reasonably have been given more emphasis through- 
out the book, and in @ future edition the apparent 
identification.of near-irrotational flow outside boun- 
-dary layers with turbulent flow ought to be cor- 
rected. -> 

There is a chapter on the numerical and experi- 
mental-analogy methods for solving Laplace’s equa- 
tion. Here and elsewhere seepage problems are 
included among the illustrations; these help to 
justify, treating solutions for boundaries at which 
separation would occur in ordinary fluid-flow at high 
Reynolds: numbers. Aerofoil and wing theory get 
less attention than they deserve, apart from aerofoils 
obtained -by conformal transformation of circles. 

The ‘book. will probably be most useful as a hydro- 
dynamics supplement to one of the better of the 
available engineering text-books of applied fluid 
mechanics, -to be dipped into as required. Its readers 
should, be well prepared with an understanding of real 
fluid flow, for while the reminders in it of the realities 
of applied hydrodynamics are useful, they are not 
complete enough to stand alone. E. P. SUTTON 


British Caenozoic Fossils 

(Tertiary and Quaternary). Pp. vi+130 (44 plates). 
(London: British Museum (Natural History), 1959.) 
6s. 


HERE has long been a need for some kind of 
comprehensive yet concise handbook illustrating 
the fossils most commonly found in the various 
strata of Great Britain. “British Caenozoic Fossils”, 
prepared by the staff of the Natural History section 
of the British Museum, is the first of a series which 
will eventually embrace also the Mesozoic and Palso- 
zoic fossils of Britain, and will be widely welcomed. 
The present volume contains line drawings of 354 
Tertiary and Quaternary fossils, together with tables 
giving their geological distributions and a coloured 
map showing the principal fossiliferous localities. 
The aim of the series is modestly described in the 
preface as being “to enable the young, or those 
without experience, to know what fossila they may 
expect to find, or, even more important from our 
point of view, to identify for themselves those they 
have collected” ; but there can be few mature profes- 
sional geologists in Britain who would not be glad to 
have this book on their shelves or, more to the point, 
in their pockets when in the field. For the latter 
purpose the book is ideal; it is compact (approxim- 
ately 84 in. x 64 in.), and clearly printed on stro 
paper which is unlikely to be rumed by the occasi 
spot of rain. The drawings are a delight to the eye, 
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and the typography and layout show a concern for 
clarity and style m every detail which is all too rare 


at the present day, and surely unequalled in a book | 


of this price. The only criticism which might be 
levelled at it is that a work of such excellence deserves 
a more robust and attractive cover. The companion 
volumes will be eagerly awaited. 


Organic Syntheses 

Vol. 39. ited, by Max Tishler. (An Annual Publi- 
cation of Satisfactory Methods for the Preparation of 
Organic Chemicals.) Pp. viit+l14. (New York: 
John Wiley and Sons, Inc.; London: Chapman and 
Hall, Ltd., 1959.) 32s. net. 


VER a long period a large number of the more 

familiar organic chemicals have been dealt with 
in this annual publication of satisfactory methods 
for their preparation. The later volumes have 
accordingly contained a larger proportion of more 
specialized structures, many of which were unknown 
at the inception of the series. The great diversity of 
organic types represented is well illustrated in the 


present selection of 31 synthetic preparations, , 


including such items as benzeneboronic anhydride, 
di-n-butyldivinyltin, 9-methylfinorene, several deriv- 
atives of furan, and the heavily unsaturated alcohol, 
HC : C-CH(OH)-CH: CH-Ph, resulting from the inter- 
action of ethynylmagnesium bromide and cinnam- 
aldehyde. An interesting per of stereoisomers is 
provided by the low-melting and high-melting forms 
of 9, 10-dihydroxystearic acid, prepared from oleic 
and elaidic acids respectively. f 

The subject index to Volume 39, occupymg 34 
pages, is a cumulative one, comprising material from 
volumes 30-39. All the entries in the preceding 29 
issues are indexed in Collective Volumes 1, 2, and 3: 
details of any specific substance are therefore easy to 
trace. It is almost needless to add that this invaluable 
series continues to mamtain its high reputation for 
accuracy and reliability. JOHN READ 


Glutathlone 
Edited by E. M. Crook. (Biochemical Sooiety 
Symposium No. 17, held at Senate House, University 
of London, February 15, 1958.) Pp. v-+116. (Cam- 
bridge: At the University Press, 1959.) Cloth 
22s. 6d.; Paper 15s. 

HE ubiquity of glutathione in living organisms 

has prompted ita widespread study and makes 
opportune the publication of this symposium, which 
includes much work carried out after the Ridgefield 
Symposium of 1963, also entitled “Glutathione”’. 
There is no overlap in the contributions to the two 
symposia, and the present symposium is character- 
istically different from its predecessor also in pre- 
senting a major part of its information in terms of the 
organisms or organs in which the behaviour of glute- 
thione has been studied. There are considered 
successively the tissues of plants, of animals, neural 
tissues, and the lens of the eye. In each of these 
contributions the reviewers (L. W. Mapson, P. C. 
Jocelyn, H. Mcliwain and S. G. Waley) place their 
own investigations in a wider setting of the bio- 
chemistry of the system concerned. Contributions 
on the chemistry and analysis of glutathione (F. A. 
Isherwood, C. G. Thomson and H. Martin) and on its 


role with other thiols in radiation damage (D. B. Hope) . 
complete the Symposium. It is regretted that there ' 


is no mdex. 
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COMMUNICATIONS FROM SUPERIOR GALACTIC 
COMMUNITIES 


By Pror. R. N. BRACEWELL a 


Radloscience Laboratory, Stanford University, California 


INCE Morrison and Cocconi! published the 

suggestion that there might be advanced societies 
elsewhere in the Galaxy, superior to ourselves in 
technological development, who are trans- 
missions at us on & frequency of 1,420 Mo./s., Drake! 
has described equipment under construction to look 
for such transmiasions. The confidence necessary to 
commence actual observations is based on an opinion 
that planets are a common by-product of the forma- 
tion of stars. One argument among others is that 
stars of spectral type later than #5 have low angular 
momenta, just as the Sun has; and in the cage of 
the Sun we know that it is because the momentum 
(98 per cent of it) resides in planets*. Of the thousands 
of millions of planets in the Galaxy likely to be 
situated similarly to the Earth in relation to ther 
star, it is hard to dismiss the possibility that some 
have more advanced civilizations than ours. In 
view of the acceleration with which technology 
develops, advanced societies could be incredibly more 
advanced. 
_> Any simple test of this possibility would be well 

worth while. Drake plans to look at + Ceti and s 
Eridani. Of the list of likely neighbouring stars given 
by Morrison and Cocconi, these two, and e Indi, are 
the only ones left when we eliminate double stars. 
Because of orbital perturbations, the planets of double 
stars are, with some exceptions, not expected to 
possess equable climates over the geological periods 
deemed necessary for evolution‘. 

But do we really e & superior community to 
_ be on the nearest of those stars which we cannot at 

the moment positively rule out? Unless superior 
communities are extremely abundant, is it not more 
likely that the nearest is situated at least ten times 
farther off, say, beyond 100 light years? Let us 
assume that there are one thousand likely stars withm 
the same range as the nearest superior community. 
This makes it hard for us to select the right one. 
Furthermore, if this advanced society is looking for 
us, we can only expect to find them expending such 
effort as they could afford to expend on the thousand 
likely stars within the same range of them. It does 
not seem likely that they would maintain a thousand 
transmitters at powers well above the megawatt 
‘estimated by Drake as a minimum for spanning only 
10 light years, and run them for many years, and we 
could scarcely count on them paying special attention 
to us. Remember that throughout most of the 
thousands of millions of years of the Earth’s existence 
such attention would have been fruitless. 

Would not this other more advanced society, on 
the contrary, be doing what we ourselves are now 
discussing and are on the point of doing, probably 
during this century, namely, sending probes to 
nearby stars. Their exploration and other activity 
would be intense in their immediately neighbouring 


planetary systems. Beyond thew immediate neigh- 
bourhood, it might be feasible for them to spray some 
number of suitable stars, say, one thousand, with 
modest probes. Each probe would be sent into a 
circular orbit about one of the thousand stars, at a 
distance within the habitable zone of temperature. 
Armoured against meteorites and radiation damage, 
and stellar powered, the probes could contain durable 
radio transmitters for the purpose of pbiracling the - 
attention of technologies such as ours. : 

Using this plan, our hypothetical advanced, neigh- 
bours could lay down a stronger signal here than they 
could with a home-based transmitter handicapped by 
inverse-square attenuation over interstellar distances. 
They would also eliminate their dependence gn our 
ingenuity in selecting the right star and the right 
wave-length. 

For this reason we might better devote our afforts 
to scrutinizing our solar system for signs of probes 
sent here by our more advanced neighbours. -In this 
way we would be effectively paying attention to all 
stars capable of reaching us. We need not expect, 
however, that any community other than the nearest 
is trying to reach us, because the superior communi- 
ties throughout the galaxy are probably already 
linked together into an existing galaxy-wide cham of 
communication. They will act in concert and avoid 
duplichtion in searching. Our impending contact 
cannot be expected to be the first of its kind ; rather 
it will be our induction into the chain of superior 
communities, who have had long experience in effect- 
ing contacts with emerging communities like ours. 

For suggestions as to how the superior communities 
may detect us, consider what we might do to detect 
them. A very good first project for us, when we come 
to probe outside the solar system, would be to seek the 
presence of technological development on t Ceti and 
e Eridani by means of a probe that would listen for 
the existence of monochromatic radio-communica- 
tion, and report back by star-to-star relay. We 
would see whether there is in those solar systems a 
radio-frequency line emission spectrum such as the 
Earth now emits. It is possible, in fact, that the 
hypothetical feelers sent out in large numbers by our 
nearest superior community did no more than. listen 
for this radiation. If so, a positive answer could have 
been on, the way back to the home star several decades 
ago, and we may look forward in due courge to the 
arrival of a more sophisticated mission. 

However, since interstellar transfer of material 
things is time-consuming, and trangfer of information 
is in any event more important, it would be com- 
mensurate with the effort of delivermg a material 
probe into our solar system if the very first probe 
sent here contained a quite elaborate store of informa- 
tion and a complex computer, so that it could not 
only detect our presence, but could also converse 
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with wf. Such a probe may be here now, in our solar 
system, trying to make its presence known to us. 
For this purpose & radio transmitter would seem 
essential. On what wave-length would it transmit, 
and how should we decode its signal ? To ensure use 
of a wave-length that could both penetrate our 
ionosphere and be in a band certain to be in use, the 
probe could first listen for our signals and then 
repeat them back. To us, its signals would have the 
appearance of echoes having delays of seconds or 
minutes, such as were reported thirty years ago by 
Størmer and van der Pol’ and never explained. 

To notify the probe that we had heard it, weewould 
repeat back to it once again. It would then know 
that it was in touch with us. After some routine 
tests to guard against accident, and to test our sensi- 
tivity and band-width, it would begin ita message, 
with further occasional interrogation to ensure that 
it had not set below our horizon. Should we be 
surprised if the beginning of its message were a 
television image of a constellation ? 

These details, and the matter of teaching the probe 
our language (by transmitting a pictorial dictionary 7), 
are fascinating but present no problems once contact 
has been made with the probe. The latter is the main 
problem. The important thing for us is to be alert 
to the possible interstellar origin of unexpected signals. 
We must avoid relegating them, if they are there, to 
the fate of the very strong emissions from Jupiter 
(of the order of 1,000 megawatts per Mc./a.) which 
were heard and ignored for decades‘. 

If after a few years of careful attention we find no 
signs, radio or other, of such probe, we shall have to 
admit the possibility that our nearest superior com- 
munity is beyond the range where attempta at con- 
tact with us would be assured of much certainty of 
SUCCOBS. 

To survey the possibilities of there being a superior 
community within of us, consider 
Fig. 1, which shows the number of superior com- 
munities in the Galaxy, No, plotted against the dis- 
tance to the nearest superior community, d, in light 
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years. This graph is obtained from the broken curve 
which shows a quantity Nz, the number of likely stars 
at a range less than d. By likely stars I mean those 
§ per cent‘, here taken as 101° in number, that cannot 
be ruled out at present as unsuitable to support life. 
The curve is based on a galactic mass distribution 
model and cannot be considered accurate to better 
than an order of magnitude. 

Now consider the consequences if No = 10. 
Then d = 100 light years, and the number of likely 
stars within this range 1 10°. The frequency of 
occurrence, p, of superior communities among likely 
stars, ig 1073. Although we have no evidence for 
intelligent life elsewhere, yet if we consider that on 
the average it takes 5 x 10° years for a likely star 
to produce one superior community, which then 
endures for an average life-time A measured in years, 
then p = 10-* implies a A of 5 x 10* years, assuming 
that we are in a state of secular equilibrium. This 
would seem to offer ample time to explore the 10 
stars out to 100 light years and establish a chain of 
communication. 

Consider the consequences, however, if technology 
in our galaxy is less abundant, for example, take 
No=10% Then p = 10", Ny = 10, d = 2,000 
light years, and A = 500 years. The duration of 
communities which can maintain a frequency of 
occurrence of only 10-7 is thus, on the average, too 
short to permit interstellar traffic. 

If intelligent life does develop on other likely systems 
at the same tempo as ours has developed, and if some 
superior community has not made contact with us, it 
may simply be that the mortality-rate for advanced 
civilizations is too high for them to become abundant 
in the Galaxy. Even so, it is rather striking that there 
would be a thousand superior communities present 
in the Galaxy at any time even though it takes as 
long as five thousand million years to produce a 
technological community that is viable, on the 
average, for only 500 years beyond the point we have 
reached. 


Even in the event of technology being rare, there is, 
however, the possibility of a chain existing. Thus, 
in a Galaxy supporting only 10° superior communities 
with brief expectation of life, there may be some 
communities that have achieved’ durability, even 
quasi-permanence, perhaps by gaining control- of 
the circumstances that lead to short average life-times. 
Aided by accidental proximity due to random spacing, 
some of these could be in contact. Presumably such 
an ancient association would be very able indeed 
technically, and might seek us out by special means 
that we cannot guess. Whether they would be 
interested in rudimentary societies which, in their 
experience, would usually have burnt themselves 
out before they could be located and reached, is hard 
to say. Such communities would be collapsing at 
the rate of two a year (10* in 500 years), and they 
might already have satisfied their curiosity by archszxo- 
logical inspection made at leisure on sites nearer 
home. On the other hand, the prospect of catching a 
technology near its peak might be a strong incentive 
for them to reach us. 


*Coccont, G., and Morrison, P., Natures, 184, 844 (1959). 
* Drake, F. D., Sky and Telescope, 18, 140 (1959). 

3 Struve, O., Sky and Telascope, 18, 154 (1960). 

* Huang, 8. a ae Setentist, 47, 897 (1989). 


* Btørmer O., Nature, 122, 681 (1928). van der Nature, 182, 
sA For later discussion, seo en G., and Yates, 
A . Atmo. Terr. Phys., "E 272 (1961. 


J. Geophys. Res., 60, 213 (1955). 
9, 61 (1958). 
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CO-ORDINATION OF LIGHT AND ELECTRON MICROSCOPY 


EING such a complicated and expensive instru- 
ment, the electron microscope until recently has 
remained largely in the hands of physicists. For 
developing operating techniques, and to a large 
extent special preparative methods also, this circum- 
stance had distinct advantages, but inevitably it 
biased the use of the instrument in the direction of 
high resolving power, of investigating structures and 
particles (such ag viruses) well beyond the limit of 
the optical microscope. A jump of one hundred 
times in useful magnification gave some excuse for 
this attitude, perhaps. There may also have been 
some tendency to regard electron microscopy as & 
field of research in its own right, both in biological 
and metallurgical applications, with the ill-result of 
detaching it from work done at lower magnifications. 
Properly seen, of course, it is just another tool of 
research, albeit a most powerful one, to be used in 
co-ordination with the established optical and other 
techniques for investigating microscopical structure. 
With the gradual realization that it is best situated 
in the laboratory of the scientist who wants to make 
use of it—even though it still requires a physicist to 
bring out all its potentialities—the electron micro- 
_ scope in the past few years has begun to find its way 
into departments of botany, zoology, metallurgy, 
and so on. As a result, increasing attention has been 
. given to considering how to correlate its use with 
' other techniques of observation, such as phase- 
contrast, polarizing and interference microscopy, in 
addition to X-ray and electron diffraction. It was 
this trend that prompted the Royal Microscopical 
Society to approach the Electron Microscope Group 
of the Institute of Physics, which until now has been 
responsible for the subject in Britain, to join in 
organizing @ symposium on “‘The Co-ordination of 
Light and Electron Microscopy”. The meeting was 
held in the University of Leeds durmg March 31- 
April 1. Its timeliness was reflected in an attendance 
of more than 150, including a number of visitors 
from Belgium, Holland, Germany and the United 
States. The proceedings, which will be published in 
full in the Journal of the Royal Microscopical Sooiety, 
consisted of eight invited papers and a number of 
short contributions to the discussions on them. 

The symposium opened with a detailed review by 
Dr. R. Barer (Department of Human Anatomy, 
University of Oxford) of the various methods of 
microscopy now available. He brought out the range 
of applicability and the degree to which quantitative 
information could be obtained with each technique. 
Prof. I. Manton (Department of Botany, University 
of Leeds) followed with a talk on the co-ordinated 
use of electron microscopy and a group of optical 
techniques in plant cytology, beginning with some 
remarks on the general difficulties of importing 
physical methods into a biological laboratory. It is 
not so much the first cost of an electron microscope 
ag the running costs and the provision of specialist 
technicians which give trouble. The scale of staffing 
and expenditure is foreign to the experience of a 
biologist, and even to a university as a whole, as 


appeared from later discussion. The best use cannot 
be made of these new instruments, many of which 
are bought with grants from trusts and foundations, 
unless more adequate recurrent funds are made avail- 
able by universities and the research councils, which 
ultimately means from government sources. Prof. 
Manton went on to describe the investigations made 
in her laboratory into the structure of micro- 
organisms, and particularly of their oilia. She 
emphasized the value of light microscopy of speci- 
mens dried in a controlled manner, as well as use 
of the phase-contrast method for living material. 
The study of serial sections in the electron microscope 
may be complemented by through-focal observations 
in the ultra-violet microscope. Dr. A. D. Greenwood, 
of the same Department, showed a three-dimoensional 
reproduction of a chloroplast which had been made 
with the aid of these techniques. 

In the afternoon session the use of a selected 
battery of techniques was further illustrated ky Dr. 
D. Lacy (Department of Zoology, 8t. Bartholomew’s 
Hospital Medical College, London), on the basis of 
his own studies of the rat testis, and by Dr. K. M. 
Rudall (Department of Biomolecular Structure, 
University of Leeds) in a review of the work done 
in a number of laboratories on the cross-banding and 
fine structure of fibres and, in particular, of muscle, 
nerve, keratin and collagen. Mr. D. H. Page brought 
a different point of view, in describing the methods 
developed at the British Paper and Board Research 
Laboratory, Kenley, for studying the surface of paper 
and related materials. Ordinary optical techniques 
are inapplicable, except at low resolution, and trans- 
mission electron microscopy is of little help. Much 
information has been obtained by adapting the 
shadowcast replica method of electron microscopy to 
the conditions of optical microscopy. The final replica 
is embedded in a plastic block, so that the full 
aperture of the light microscope can be used and 
high resolution obtained. Much use has also been 
made of reflexion and scanning electron microscopy, 
which provide an image with considerable threo- 
dimensional detail at s useful magnification just 
beyond that of optical methods. 

On the following day, a paper by Dr. J. Nutting 
and Dr. P. Kelly (Department of Metallurgy, 
University of Cambridge) presented a wide survey of 
the microscopical techniques used in metallurgy, 
including X-ray as well as optical and electron 
methods. The overlapping of their ranges of applic- 
ability was displayed by means of a diagram (Fig. 1), 
in which resolving power is the abscissa and depth of 
focus the ordinate. Depth of focus is important in 
metallurgical work, since the relative height of surface 
features often comes in question. The complement- 
arity of the available methods is well brought out by 
the dia Particular attention was paid to the 
new techniques developed for observing thin films of 
metals directly in the electron microscope and to 
new optical methods for observing slip lines and 
dislocations. Dr. A. Keller and Mr. D. O. Bassett 
(H. H. Wills Physics Laboratory, University of 
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Bristol) gave a similar review, though on & narrower 
front, of light and electron microscope investigations 
of the habit and structure of crystals, particularly of 
long-chain polymers. Those of polyethylene are so 
sensitive to the electron beam that progress bas only 
been possible by careful correlation of optical 
observations with those made by specially developed 
electron microscopical techniques at low and inter- 


- mediate magnifications. The final paper, by Dr. 


Anna Cosslett (Cavendish Laboratory, University of 
Cambridge), dealt with the use of some of the optical 
techniques in association with electron microscopy in 


'& few selected problems, and so far as possible 


quantitatively, rather than with a broad survey of a 
branch of science. The ultra-violet microscope at its 
highest resolving power provides semi-quantitative 
evidence of the distribution of nucleic acid ın chromo- 
somes and micro-organisms, for example, for com- 
parison with the various light and dark regions seen 
in electron micrographs. The interference microscope 
can be used to measure the changes in thickness and 
refractive index of thin sections caused by exposure 
in the electron beam. In this way the competing 
effects of loss of material by irradiation and deposition 
of ‘contamination’ have been followed in & variety of 
plastics used for embedding purposes. As much as 
50 per cent is lost from some, and 20 per cent from 
the most resistant, even with an electron dose very 
small relative to that incurred in normal operation of 
the microscope. 

The main features of the contributions and dis- 
cussions were summed up by Dr. V. E. Cosslett 
(Cavendish Laboratory, University of Cambridge). 
The fruitfulness of a combined attack with all the 
relevant optical and electron microscopical techniques 
had been demonstrated in every paper. X-ray 
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methods, which had had Irttle 
mention, could provide a further 


formation about the nature and 
amount of the different elements 
locally present in a specimen. For 
the most part, ight and electron 
techniques give only the distribu- 
tion of dry mass, although optical 
microspectrometry of stained speci- 
mens can now explore the locahza- 
tion of particular biological com- 
pounds. Optical microscopy will 
continue to be indispensable in 
electron microscopy for charting a 
course through the specimen at the 
higher available magnification and, 
even more umportant, for checking 
the incidence of artefacts in the 
various stages in its preparation. At 
the same tıme, electron microscopy 
is beginning to feed back ideas to 
optical microscopy, in new prepara- 
tive methods and also in demanding 
that optical techniques be used to 
the very best advantage. The stand- 
ards set by the great light micro- 
scopists of the end of the past cen- 
tury are now being re-discovered, 
and more attention is being paid to 
teaching the use of the light micro- 
scope at high resolution. 

Great progress has been made 


with the electron microscope, since - 


it wes invented thirty years ago, but 
a comparison with the range of optical methods now 
available brings out how much remains to be done. 
An electron interference microscope, 


electron phase-contrast system is not yet in sight. 
Our electron lenses are still extremely primitive, and, 
although methods of correction are known in prin- 
ciple, there is a long way to go before a lens corrected 
for operation at even moderate aperture can be built. 
The wave-length range available for electron micro- 
scopy is barely 1-5 as compared with an optical range 
of 5 or more. rimental work at accelerating 
voltages down to 10 kV. and up to 350 kV. has shown 
the value of variable wave-length, for image contrast 
on one hand and specimen penetration on the other ; 
but commercial instruments for the upper and lower 
ranges are only now being projected. The biggest 
problem remaining to be solved is that of examining 
living matter in the electron microscope. Some 
recent work in Germany and the U.S.S.R. has sug- 
gested that this may not be absolutely impossible, as 
had been thought from the few attempts made in the 
early days of the subject. It may be that a com- 
bination of high-voltage operation with indirect 
observation at low beam current, using an image 
intensifier, will allow electron images to be obtained 
of a limited clags of organism and at moderate 
magnification. Even if we can do no more than 
follow the effect of radiation damage, this would be 
of great interest if it is at a resolution appreciably 
better than that of the light microscope. Such an 
advance is still many years away, even if it be 
possible at all. If it is made, then the co-ordinated 
use of optical and electron microscopical methods 
will be even more vital than it is in present fields of 
research. V. E. Cossierr 
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SCIENTIFIC TECHNIQUES IN ART AND ARCHAOLOGY* 


By Dr. A. E. WERNER 
Department of Research Laboratory, British Museum, London, W.C.I 


T was in France during the last quarter of the 
eighteenth century that certain chemists began 
to apply their specialized knowledge in the field of 
the fine arts. Their efforts were first directed to the 
discovery of new artists’ pigments. Thus, in 1781, 
Guyton de Morveanu discovered zinc white which he 
recommended as a new white pigment that would 
resist the action of sulphurous fumes in urban atmo- 
spheres which tended to darken white lead. In his 
plea to artists to use this pigment, despite the fact 
that it was more expensive than white lead, he 
ended his paper to the Academy of Dijon with the 
hrase: “On ne marchande pae Vsimmortaliié’*. In 
1804 the chemist Chaptal was anxious to find a blue 
pigment which could be used by the Sèvres porcelain 
factory in place of the expensive umported ultra- 
marine. He commissioned Thenard to undertake 
the n research, and in a few months he dis- 
covered the pigment cobalt blue which now bears 
his name. 

Certain distinguished scientists in Great Britain 
soon began to follow the example of their colleagues in. 
France. In 1815, Sir Humphry Davy published his 
classical paper entitled “Some Experiments and 
Observations on the Colours used in Painting by the 
Ancients”? in which he analysed and identified pig- 
ments found at Pompeii, and in 1818 he was com- 
missioned by the Prince Regent to examine manu- 
scripts that had been recovered from Herculaneum 
in order to find a way of unrolling them without 
damage®, In 1843, Michael Faraday, when lecturing 
' at the Royal Institution, exhibited leather-bound 
books from the Athensum Club which were in a very 
bad state of decay. He correctly attributed this 
condition to the products of combustion of coal gas 
and demonstrated that the moisture from a gas flame, 
condensed on cold metal, contained sulphuric acid. 
This was the earliest observation con ing the 
decay of leather by sulphuric acid. In 1853, Faraday 
served as an expert witness before the Select Com- 
mittee of the House of Commons which was appointed 
to inquire into the methods of cleaning paintings 
being used at the National Gallery at that time. 

These examples represent, however, isolated occa- 
sions when scientists were called upon to use their 
specialized knowledge. ‘The intensive application 
of scientific methods in art and archeology is, on the 
other hand, of comparatively recent origin. 

The work that is carried out in museum laboratories 
may be considered under three aspects. One is the 
application of scientific methods to the conservation 
of works of art and antiquities, the second is the 
extension of our knowledge about the materials and 
techniques of painters and craftsmen so as to acquire 
general information of value to the scholar and art 
historian, and, thirdly, there is the question of provid- 
ine of 4 ee Evening Discourse delivered at the Royal 


ing objective criteria relating to the authenticity 
of works of art and antiquities. 

Let us consider first of all the use of scientific 
techniques in the examination of paintings. Normally, 
one regards a painting from the purely artistic pomt 
of view; but, in order to appreciate how scientific 
methods are employed in the examination of paintings, 
it is necessary to realize that, from a physical point 
of view, a painting 1s a stratified object consisting of 
four essential layers. These are (starting from the 
back) the support, the ground, the paint film and the 
varnish film. In the case of early paintings, the 
support was usually of wood but, from about the 
fifteenth century onwards, canvas was used. The 
ground-layer consisted of a white inert material in 
a glue medium; in Italy and southern Burope 
calcined gypsum (hence the word gesso often used in 
describing this layer) was used as the white inert, but 
in northern Europe it was normally chalk. 

Great care was taken by the Old Masters to produce 
a ground which would have a finished surface that 
would be as perfect as possible for pamtmg upon ; 
in the words of Cennino Cennini —the famous fifteenth- 
century writer—it should be “as white as milk 
(biancho chome lacte)’’ and ‘smoothed as xf it were an 
ivory (pulendo si chome fusse uno avorto)’’*, 

The paint film consisted of an aggregate of pigment 
particles in a binding medium. In so-called tempera 
painting the medium was egg-yolk, but this was later 
replaced by various drying oils—the commonest 
being linseed oil. 

The varnish layer was not really an integral part 
of the painting. It was usually applied after a period 
of time and served a two-fold purpose ; 16 protected 
the paint film against atmospheric contamination 
and restored the original brilliance to those oil 
paintings which tended to become rather dull in the 
course of time. 

Among the physical techniques used in the investi- 
gation of paintings, X-rays are of paramount impor- 
tance. The degree of absorption of X-rays passing 
through a painting will depend primarily upon the 
chemical nature of the pigments present. This can 
be conveniently expressed in terms of the mass- 
absorption co-efficient (u/c), the value of which will 
be greater for pigments containing elements of high 
atomic weight. Thus, the value for white lead is 
about ten times greater than that for calcium pigments 
such as chalk or gypsum. It is fortunate that calcium 
pigmente were used for the ground-layer whereas 
white lead was extensively used in the actual paint 
layers. This means that the ground is relatively 
transparent to X-rays, whereas the paint layers— 
particularly those areas containing white lead—will 
be registered in radiographs. The radiographic 
examination of paintings is not new ; in fact, shortly 
after Röntgen discovered X-rays in 1896, radiographs 
were being made of paintings. However, improve- 
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ments in X-ray equipment and a true understanding 
of the physical factors involved in the X-ray photo- 
graphy of pictures were necessary before the technique 
could be used to its full advantage’. 

Radiography can often yield information about the 
technique of an artist. Thus, an X-ray photograph of 
the painting of “S. Catherine of Alexandria” (National 
Gallery 168) by Raphael shows that the background 
(a blue sky) is relatively opaque to X-rays whereas 
the figure of 8. Catherine is more or less transparent 
to X-rays. This means that the luminosity of the 
background has been achieved by using a paint 
containing a large amount of white lead, whereas 
the luminosity of the figure haa been created by 
allowmg the ground to serve as a white reflecting 
layer which shines through the thinly superimposed 
layers of flesh paint. 

Information can also be obtained which may assist 
the art-historian in determining the attribution of a 
painting. Thus in the case of a large altar-piece 
in the National Gallery originally ascribed to Ercole 
Grandi (National Gallery 1119) doubts were raised 
about the attribution. When the Madonna’s head 
was examined, the radiograph showed that the super- 
ficial image was very thinly painted and was barely 
visible, whereas underneath, and posed at a different 
angle, the original version of the Madonna’s head 
showed up clearly and was obviously painted in a 
diftor®nt style. This showed that two artists had 
been engaged on this altar-piece, and documentary 
evidence confirmed that this paintmg was started 
by the artist Maineri, and finished by Lorenzo Costa. 
What we see to-day is Costa’s version of the Madonna’s 
head which was repainted over Maimeri’s version, 
which is visible in the radiograph. 

Another physical technique used in the examination 
of paintings is infra-red photography. Infra-red 
radiation has a greater penetrating power than 
visible light so that it can pass through the varnish 
and uppermost paint layers, and, if the underpaint 
or ground has a high reflectance coefficient. around 
8000 Å., it is often possible to reveal pentimenti 
(that is, alterations in composition made by the 
artist himself) not visible to the naked eye. One 
rather dramatic example of the success which can 
be achieved, occurred in connexion with van Eyok’s 
well-known painting, “The Marriage of Arnolfini” 
(National Gallery 186). The artist’s first sketch of 
Arnolfini’s right hand aa drawn in charcoal on the 
white chalk ground was clearly revealed beside the 
final painted version of the hand now visually 
apparent in the picture. The reason why the initial 
drawing shows up in the infra-red photograph is 
that carbon absorbs infra-red radiation whereas chalk 
reflects it. 

Differences in the infra-red reflectance of pigments 
can often yield information about over-pasinting. 
Thus, in a picture by a follower of van der Weyden, 
“Ihe Exhumation of 8. Hubert” (National Gallery 
783), the bishop’s cope appeared to be painted in a 
uniform dark blue colour. However, an infra-red 
photograph revealed an overpainting, which appeared 
almost black. Subsequent chemical examination 
showed that the paint in this dark area was a mixture 
of Prussian blue and chrome yellow. These pigments 
absorb infra-red radiation to a greater extent than 
the pigment used in the original paint and hence 
appear dark against the rest of the cope. This 
overpainting had been carried out to conceal a hand 
belonging to the figure standing beside the bishop. 
When an X-ray examinetion showed that this hand 
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was, in fact, not badly damaged but was in a good 
state of preservation, this overpainting was removed 
and the hand once again revealed as it had been 
originally painted. 

Ultra-violet radiation also can be used for the 
examination of works of art. Retouchings on paint- 
ings and repairs in ceramic or bronze objects are 
revealed because they show a different fluorescence 
from that of the background, and in the case of 
drawings which have faded, fluorescence under 
ultra-violet may render them visible. Thus, in a 
collection of drawimgs by Leonardo da Vinci in the 
Royal Library at Windsor Castle, there were two 
sheets upon which very little was visible ; but under 
ultra-violet light they became alive. with drawings 
of hands which were identifled as sketches for the 
‘Virgin of the Rocks’’*’. These sketches had been 
done on & pale pink paper using a soft metal (probably 
silver) pencil as the drawing instrument. In the course 
of time the traces of metal were either rubbed off or, 
possibly, converted into a colourless compound so 
that the drawing disap . However, there still 
remained enough of the metal to give the character- 
istic fluorescence under ultra-violet light and bring 
these sketches miraculously back to life. 

Physical techniques give information about the 
structure of a painting, but chemical—or rather 
micro-chemical—techniques are concerned with the 
actual nature of the pigments and binding media 
used. Precise micro-chemical tests for the identifica- 
tion of pigments have been developed using modern 
organic reagents for metals in conjunction with 
Feigl’s ‘spot test’ techniques. Details of the method 


and typical examples of the reagents used in thé ” 


National Gallery laboratory have been given by Miss 
R. J. Plesters?. As a natural extension of pigment 
identification the technique of preparing paint cross- 
sections has been developed. Minute fragments of 
paint are embedded in a suitable synthetic resin 
(for example, polymethyl methacrylate or a cold- 
setting poly-ester) which is ground down on emery 
papers until the paint fragment is exposed; the 
layers of paint can then be examined under the 


microscope, and information be derived about over- 


painting and about artista’ methods’. 

Recently this technique has been advanced a stage 
further by Dr. P. Coremans’, who has succeeded in 
preparing paint cross-sections which are sufficiently 
thin (20-302) to be viewed under the microscope in 
transmitted light at a high magnification. Such 
cross-sections permit a much more precise examina- 
tion of the structure and composition of the various 
layers of a painting. Thus, in a fragment of blue 
paint from van Eyck’s “The Mystic Lamb”, it was 
possible to recognize no leas than eleven layers ; 
of these, six were authentic van Eyck and consisted 
of a chalk ground, an isolating layer of oil, three 
layers of opaque paint containing azurite and lead 
white in an oil medium and a translucent glaze 
consisting of natural ultramarine in an aqueous 
medium, whereas the other five consisted of three 
layers of varnish between which were sandwiched 
two layers of repaint containing the modern pigments 
synthetic ultramarine and Prussian blue. 

When compared with the precise tests for the 
detection of pigments, the methods available for the 
identification, of media were less satisfactory, and 
were largely based on the comparative behaviour of 
media towards different solvents. However, the 
technique of partition chromatography has been 
successfully applied to this problem and methods 
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have now been developed in the National Gallery 
Laboratory! for the precise detection of the presence 
of resins, oll, egg-yolk and glue in paint media. 

When one passes from paintings to a study of 
archeological material, the problems of scientific 
examination and conservation are quite different. 
One has to deal with a wide range of objects which 
differ in their material make-up and are liable to have 
undergone profound changes while buried in the 
ground. Methods for the treatment of waterlogged 
wood, porous ceramic objects saturated with soluble 
salts, and corroded bronze objects have been recently 
discuased in Nature. Attention will therefore 
be focused on a few examples selected to illustrate 
some general principles involved in the examination 
and treatment of metallic antiquities. 

The first example relates to a silver cup which was 
excavated at Enkomi in Cyprus and was dated about 
1400 B.o. This was covered with green corrosion 
products derived from the copper present in the 
alloy which had been leached out while the cup was 
buried. Prelimi examination showed the presence 
of gold and a black powdery substance which spectro- 
graphic analysis showed to be probably a material 
called niello (a mixture of the sulphides of silver 
and copper). The detection of gold and niello sug- 
gested the presence of a decorative inlay, and radio- 
graphy confirmed that this original decoration still 
survived under the corrosion products. The problem, 
therefore, was to remove the incrustation and reveal 
the ornamentation without losing either the gold or 
the ntello in the process. Experiments with ntello 
prepared in the laboratory showed that this material 
was unaffected by hot formic acid. This reagent, 
therefore, was used to remove the unsightly incruste- 
tion and the original decoration was revealed in a 
surprisingly fresh condition??. 

The next example is instructive because it shows 
that, in the case of iron objects, material which at 
first appears most unpromising may yield interesting 
results. A small fragment of a Roman sword of the 
second century A.D. appeared to have been reduced 
to a mass of rust. However, radiography revealed 
evidence of inlays, and, with the X-ray pietoatepn as 
& guide, the rust was carefully removed to reveal the 
inlays which had been done in a yellow alloy of copper 
and zinc (so-called orichalcum). On one side of the 
fragment there emerged a figure which was identified 
as the god Mars, and on the other side the Roman 
eagle with standards. 

The conservation of archsological material often 
presents problems which necessitate the development 
of a novel technique. Thus, about two years ago an 
important archsological find was made on the site 
of a medisval church in St. Ninian’s Island in the 
Shetlands. This consisted of twenty-eight metal 
objects thought to be early Christian in origin and to 
date from about a.n. 800. These objects were regarded 
by the excavators as bronze, but examination showed 
that the metal was, in fact, a base silver alloy con- 
taining much copper which had mineralized during 
the years of burial to form a thick coating of copper 
corrosion products. The most interesting item in this 
hoard, was a composite object thought to be a hanging 
bowl with an internal liner. This supposed liner was 
soon found to be a separate decorated bowl, which 
had been pushed into the hanging bowl, and it was 
easily removed and cleaned. The hanging bowl 
itself was of particular archeological significance, 
because it is the only known surviving example of a 
siver hanging bowl to have been found in Britain. 
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Its conservation presented a problem of peculiar 
interest'*. The strength of the bowl was due almost 
entirely to the layers of corrosion products, be- 
tween which egg-shell thin silver was sandwiched ; 
but at the same time it was considered necessary to 
remove this incrustation because it was unsightly 
and gave a false impression of the original appearance 
of the bowl. When cleaned, the ing bowl was 
therefore extremely fragile, so that it was necessary 
to devise some form of internal support to act as a 
permanent reinforcement. After a series of trial 
experiments, @ cold-setting epoxy resin (‘Araldite’ 
casting resin F) was chosen because it adheres well 
to metal, is transparent, and sets without appreciable 

e. A viscous mixture of resin and hardener 
(together with dibutyl phthalate as plasticiser) was 
brushed uniformly over the inside of the bowl, which 
was rotated on a small turntable so as to keep the 
resin mixture uniformly distributed while it set. In 
this way it was thus possible to reinforce the bowl 
with a thm nt film which gave sufficient 
mechanical strength so that the bowl could be handled 
with perfect safety. 

When scientific methods are used in connexion 
with the authenticity of antiquities, the evidence 
obtained may be either positive or negative. In the 
former case, the evidence will indicate the approxi- 
mate age or the definite antiquity of the materia] of 
which the object is made, thus establishing pr8bable 
authenticity. In the latter case, one seeks evidence of 
anachronisms in the use of materials or techniques 
which prove that the object could not belong to the 
period assigned to it. 

In order to appreciate how varied are the scientific 
methods that can be used in this field, it is of interest 
to mention a new technique which was developed 
at the Leather Industries Department of the Univer- 
sity of Leeds to confirm the alleged age of the Dead 
Sea parchment scrolls. The first step was to take 
photographs with the electron microscope to show 
how the actual collagen fibres had undergone a 
characteristic degradation due to the long sojourn 
of the sorolls in the dry atmosphere of the caves in 
which they had been discovered. Then, the decrease 
in the shrmkage temperature of small fibres teased 
out from the scrolls was measured, and, by comparing 
the value found with that of parchments of known 
date, it was possible to arrive at an approximate 
age of about two thousand years for the Dead Sea 
scrolis'4, 

In the case of metal objects, a metallographic 
examination, both of the corrosion products and of 
the metal remaining beneath the corrosion layers, 
may provide manifestations of antiquity. It will, 
however, be impossible to give even an approximate 
age, because the rate at which a metal corrodes will 
be greatly influenced by its environment. 

Genuine patinas are minerals that have slowly 
grown on the surface of the metal, and under high 
magnification they will usually show a complex 
banded structure and inter-crystallne penetration 
into the metal leading to replacement of metal crystals 
by mineral, that is, pseudomorphism. On the other 
hand, false patinas which are induced by accelerated 
corrosion can be distinguished by the fact that they 
tend to be on a much smaller scale, do not usually 
show the banded structure or penetrate into the metal. 
A metallographic study of cross-sections of patinas, 
particularly in the case of bronze objects, may, 
therefore, yield conclusive evidence either for or 
against antiquity. 
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In the case of silver objects, a study of the metal 
itself may be very informative. Ancient silver 
acquires @ crystalline quality—the characteristic 
property that accounts for its brittleness. Fractures 
in the surface of the metal may look lined and 
decayed like old leather, and granular crystals are 
often, visible. 

In contrast to this a technical examination of a 
silver plate in Bactrian style (second to first century 
B.C.) revealed features which cast serious doubt on 
its authenticity. A photomicrograph of dents in the 
edge of the plate and scratches on the surface showed 
the silver to be in a ductile conditien, and there was 
no evidence of crystallization. Moreover, when 
struck, the silver rang like a bell quite unlike the dead 
response given by highly crystallized silver. Also, 
the foot rim was in an almost virgin condition and 
showed no signs of wear; in an object of the pre- 
sumed age of this plate, which weighed 1,1285 gm., 
one would normally expect to find signs of wear 
visible to the naked eye. In this case none was 
visible even under the microscope. Another odd 
feature ‘was the absence of silver chloride—the 
typical corrosion product of silver to be expected 
from the presumed environment. These findings 
were confirmed when the models which served for 
the design on the plate were traced to a manuscript 
of the “Fables of Bidpai’” im the Yildiz Library at 
Istandul. 

In the scientific examination of paintings of doubt- 
ful authenticity one is concerned either with the 
possible discovery of onisms in the use of 
pigments and media or with abnormalities in tech- 
nique. Three examples will show how this kind of 
evidence can be used to detect forgeries. In the case 
of a painting of a “Laughing Cavalier” attributed to 
Franz Hals, micrechemical examination of fragments 
of original paint revealed the presence of no lees than 
three pigments—synthetic ultramarine, zinc white, 
and cobalt blue—which were unknown in Franz 
Hals’s time. The presence of these pigments con- 
stitutes undoubted proof that this painting could 
not be by the hand of Franz Hals. 

The next example is the famous forgery case 
which shook the art world on July 12, 1945, when the 
Dutch artist, van Meegeren, claimed he had painted 
certain pictures which had been attributed to Vermeer 
—the most famous of which was the “Christ with the 
Disciples at Emmaus’’*. Microchemical tests revealed 
many facts which clearly showed that these paintings 
were indeed fakes. Thus, the medium proved to be a 
modern synthetic phenol-formaldehyde resin, traces 
of the pigment cobalt blue were found in samples of 
blue paint, and the dirt in the craquelure—that net- 
work of fine cracks which is to be seen on all old 
paintings—proved to be ordinary indian ink which, 
moreover, had in places seeped into the porous 
medium, thus blurring the sharp outline of the 
cracks, and giving them a very suspicious appear-~ 
ance, 

Tt is also possible to use radiography to unearth 
further scientific evidence. Since potential buyers 
of Old Master paintings are always impressed by 
signs of age in the support, it is a common practice 
among fakers to use authentic old supports upon 
which to perpetrate their forgeries. In this particular 
case, van Meegeren bought seventeenth-century 
paintings by minor Dutch artists and scraped off 
as much as he could of the pamt so that he had a 
suitable canvas upon which he could proceed to 
paint his pseudo-Vermeer pictures. 
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It is, however, very difficult to remove completely 
all traces of the original painting, and therefore, when 
X-ray photographs of these suspected paintings were 
taken, it was possible in all cases to detect traces of 
some different painting lying beneath the superficial 
image. In the case of one of these psoudo-Vermeers 
representing “The Last Supper’, the radiograph 
showed the distinct outline of dogs and birds. A 
Dutch art dealer had fortunately kept a photograph of 
a painting of “A Hunting Scene” by Hondius which 
van Meegeren had bought from him in 1938. When 
this photograph was compared with the above radio- 
graph, there could be no doubt whatever that the 
pseudo-Vermeer “The Last Supper” had been painted 
over what had once been the Hondius “Hunting 
Scene’. 

The techniques mentioned so far can only be 
applied to detecting forgeries of Old Master paintings. 
When the question arises of detecting a forgery by a 
modern artist, anachronisms in the actual materials 
will obviously not apply. It is necessary instead to 
obtain evidence about the actual technique of the 
artist so that it may be compared with the technique 
of the suspected painting. This can often be achieved 
by radiography. It was successfully used to unmask 
a number of van Gogh forgeries which came to light 
in 1928. When X-ray photographs were taken of 
these paintings, a striking difference was found 
between the radiographs of the suspected paintings 
and the radiographs of genuine van Gogh paintings. 
The latter showed the powerful brush strokes which 
give van Gogh paintings their rhythm and true 
meaning. On the other hand, the radiographs of the 
forgeries showed the restless nervous brush strokes of 
the faker, who had merely succeeded in imitating 
the characteristic superficial appearance of van Gogh 
paintings. 

This account of the kind of work carried out in a 
scientific department attached to a museum or art 
gallery will show that the work is very varied, both 
as regards the type of problems—whether of conserva- 
tion or scientific examination—and the methods 
which are brought into play to solve them. The 
scientist is often accused of indulging his idle curiosity,’ 
and at first his intrusion into the museum and art 
gallery may perhaps have been viewed by the scholar 
with a certain amount of alarm. However, the 
position has now happuy arisen in which there is 
active and intimate co-operation between the scientist 
and the scholar in the study of problems of mutual 
interest. In this field it can be justly claimed that a 
successful attempt has been made to bridge the gap 
which has sometimes been presumed to separate 
science and art. 
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OBITUARIES 


Prof. E. G. Richardson 


EpwaRgp Qix RICHARDSON, who died on March 31 
at the age of sixty-three, was well known, not only 
in Great Britain, but also internationally, for his work 
in acoustics and, ultrasonics. 

He took the degree course in physics at East 
London (now Queen Mary) College, graduating during 
the First World War. He then served in the Royal 
Air Force (Balloon Section), which no doubt initiated 
his life-long interest in aerodynamics and meteorology. 
After a short period as a grammar school master, he 
undertook research at East London College under 
Prof. C. H. Lees. About two years later he was 
appointed a lecturer at University College, London, 
and during the next seven years his research work in 
acoustics, recognized by the award of a D.8c., firmly 
laid the foundation of his subsequent reputation. In 
1931 he moved to King’s College, Newcastle upon 
Tyne, where he spent the rest of his life; he was 
made a reader in 1943, and in 1856 a chair in acoustics 
was created for him. 

Richardson’s research achievement was so exten- 
sive and diverse that no brief summary is possible. 
It must suffice to say that he published some nmety 
papers on a wide variety of topics, including, besides 
acoustics and ultrasonics, liquid jets and suspensions, 
viscosity, hot-wire anemometry and viscometry, 
atmospheric turbulence, relaxation processes and fish 
locomotion. In acoustics he made notable contribu- 
tions to many branches ; among these the best-known 
are probably the absorption of sound in vapours and 
narrow tubes, phonetics and speech analysis, and 
eolian, edge and transient tones. In later years he 
turned his attention to ultrasonics, with special refer- 
ence to absorption and dispersion. In these researches 
he was often assisted by students, many of them 
from overseas, who owe much to his help and enconr- 
agement. His experimental work was characterized 
by directness of attack and economy of means, and he 
was particularly interested in new lines of investiga- 
tion. He opened up many of these, leaving others to 
explore the territory which his work had made 
accessible. 

In addition to his research work, Richardson 
found time to write upwards of a dozen books, 
including several compilations which he edited or to 
which he contributed sections. The most widely 
known are probably “Sound” (a very popular text- 
book), “The Acoustics of Orchestral Instruments”, 
‘‘Acoustics for Architecte” and “Physical Science in 
-- Art and Industry”. He wrote fluently and well, 
> . with an admirable clarity of expression and an easy 
mastery of his subject. He was English editor of the 
international journal Acustica, in the founding of 
which he played a prominent part. 

He received numerous invitations to lecture 
abroad, and did so in the United States (several 
times), Canada, India and most countries of Europe. 
He was visiting professor of physics at the University 
of Cairo for a term in 1947, and a Leverhulme Fellow 
during 1955-687. During the Second World War he 
served as scientific adviser from early 1940, first m 
the Admiralty (Mine Design Department) and later 
in the Air Ministry (Royal Aircraft Establishment 
and Helensburgh). After returning to King’s College 


he onion out various research contracts for these 


Although Richardson’s primary interest was re- 
search it was by no means his only one, for he was 
an accomplished musician, a dedicated ‘cyclist, and 
an indefatigable member of the College Country 
Dancing Club. He played both piano and organ 
well, and for many years travelled between Durham 
and Newcastle twice daily on Sundays (some sixty 
miles in all) in order to sing in the Cathedral choir. 
He was a deeply religious man, although nong but 
his closest friends would be aware of this, for he was 
somewhat shy and reticent by nature. Nevertheless, 
his stering qualities of modesty, sincerity and 
kindliness were apparent to all who knew him, and 
endeared him the more the better one knew him. 
His sudden death was a great shock to all his friends ; 
they will long bear him in affectionate memory. 

W. E. Curtis 


Dr. John Duckworth 


Tus sudden death on April 11 of Dr. John Duck- 
worth, head of the Applied Biochemistry Department 
of the Rowett Research Institute, Aberdeen, has 
robbed the science of food and agriculture of an 
outstanding investigator. 

Born in Manchester but educated in Canada, and 
in the course of his hfe conducting research in Canada, 
Trinidad and Guatemala, he spent about a quarter 
of a cantury in the service of the Rowett Institute at 
Aberdeen. He obtained his original training at the 
Ontario Agricultural College, Guelph, and took the 
degree of B.S.A. at the University of Toronto. He 
next t a year with Lever Brothers, Ltd., in 
Toronto, as analytical chemist, and another year 
with the same firm’s economics section studying 
production efficiency. In 1931 he became assistant 
to the professor of chemistry at Macdonald College, 
McGill University, where he carried out research on 
the blood chemistry of cattle afflicted with genital 
disease, and on contagious abortion in cattle. 

In 1933, Dr. Duckworth came to the Rowett 
Institute, where he investigated the relationship of 
nutrition to pathological conditions in farm animals. 
He also worked on the partition of serum calcium 
and the factors affecting it. The object was to estab- 
lish @ closer relationship between the blood picture 
and the evidence of certain types of disease, such as 
milk fever and rickets, in farm stock. The latter 
work was incorporated into a thesis, for which the 
University of Aberdeen awarded him the degree of 
D.Se. 

Later he investigated magnesium metabolism in 
animals, and the influence of fibre in the diet on the 
utilization of protein and calcium. He collaborated 
in work on problems connected, with both human 
and, animal nutrition, for example, the utilization of 
phytic acid phosphorus in oatmeal by men and farm 
animals. 

In April 1944 he was appomted senior lecturer in 
the Agricultural Department of the Imperial College 
of Tropical Agriculture, Trinidad. There he developed 
courses of instruction in animal husbandry, and 
created a nutrition laboratory for investigation of the 


No. 4726 May 20, 1960 


_ value of various feeding stuffs under tropical condi- 
tions. 

In September 1946 he returned to the Rowett 
Institute, and three years later became head of the 
Department of Applied Biochemistry. His work 
. conderned, protein and vitamin requirements, energy 
needs and metabolism, and mineral metabolism and 
requirements, He also developed chemical tests 
which might be correlated with the biological value 
of proteins. With Mr. N. W. Pirie, of Rothamsted 
Experimental Station, biological tests had been made 
on leaf protein. for non-ruminants. 

Duckworth was responsible, with the Institute’s 
X-ray Section, for developing a mobile X-ray unit 
for the outdoor study of hill sheep in relation to 
calojum and phosphorus requirements. In his Depart- 
ment the role of copper in the ruminant was also 
under investigation, and much progress was being 
made in the elucidation of this problem. 

In 1954, Dr. Duckworth was elected a Fellow of 
the Royal Society of Edinburgh, and in 1955 was 
one of four British scientists who attended a sym- 
posium of HEurope’s leading agricultural research 
experts in Rome, sponsored by the Pfizer Agricultural 
Research Institute of America, for discussion of 
research into the use of antibiotics and other new 
growth factors in animal nutrition. Later in the 
same year, he was one of three British experts invited 
to am international conference in Washington on the 
same subject. 

From August 1956 until August 1957, he was 
seconded to the Food and Agriculture Organization of 
the United Nations and the United Nations Children’s 
Fund, to assist the Governments of Costa Rica, El 
Salvador, Guatemala, Honduras, Nicaragua and 
Panamas on food and nutrition policy. With Sefiorite 
E. Musmanno of Argentina, he collected statistics of 
the countries’ food production, which showed that 
between 6 and 10 per cent of their population were 
dependent on outside sources of food supply. If one 
took into account the rate of growth of the population, 
it appeared to be necessary to double food production 
in the next twenty-five years, and to alter the balance 
between cereal and livestock production in favour 
of the latter. Due account was taken of the actual 
situation in the area: for example, cattle and sheep 
raising was to be based on native stock feeding on 
grass, rather than on imported stock eating concen- 
trate feeding stuffs, at least in the early stages. The 
need was stressed for modern factories for milk and 
meat products. Almost his last task was to check 
the Spanish edition of their second report on the 
area, 

Dr. Duckworth was an enterprising yet meticulous 
experimenter, a skilled statistician and planner, an 
arresting and clesr expositor of his researches, and 
one who knew the agricultural industry as few others. 
He was a lively conversationalist and good pianist. 
He ia survived by his wife, and a son and daughter. 

D. P. CUTHBERTSON 


Prof. K. W. Szarski 


Tam death of Prof. Kasmierz Witalis Szarski on 
January 18 prematurely severed 6 life of great 
service to zoology and Polish universities. He was 
born in Vienna in 1904 and on the family’s removal 
to Lwòw attended school and the University there. 
He took his doctorate, and seven years later (1939) 
became docent in comparative anatomy. Soon 
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afterwards the Russians occupied the University.and 
demoted the staff. Later, under Nazism, academic: 
work ceased, but by acting as hosts for lice used. in 
preparing Prof. Weigl’s anti-typhus vaccine, Szarski 
and colleagues slightly eased impoverishment and 
received certification as persons usefully employed. 
Afterwards he and his wife were arrested in Warsaw, 
but by mere chance escaped transportation to Nazi 
concentration camps and secured release, he being 
directed to vitamin investigations. 

When war ended, Szarski became professor of 
comparative anatomy at Wroclaw, the new setting for 
the University of Lwéw—Polish no longer. Amid the 
devastation. of Wroctaw half the zoological institute 
lay ruined and in its and the University’s rehabilita- 
tion Szarski played a leading part, particularly as 
pro-rector and rector (1954-59). 

Szaraki was a born naturalist. His early researches 
related principally to developmental anatomy : 
three long papers on the urogenital systems of mice 
being authoritative. His post-war work mainly 
comprised ornithology and translation. Has account 
of the birds adopting residential niches in the moun- 
tainous ruins of Wroctaw is fascinating. Freed from ~ 
rectorial labours, he turned eagerly to study the 
avian brain—promising work cut short by his death. 
His comprehensive learning in zoology and his com- 
mand of Slav and European languages—especially 
English, French and re ay fitted bim perfectly as 
counsellor, editor and translator in many professional 
capacities. His notable translations, with scholarly 
commentaries, comprise Darwin’s “Voyage of the 
Beagle” (two editions) and Darwin’s and Wallace’s 
historic essays on natural selection (Linnaean Society 
of London). He was deservedly honoured when ^“ 
chosen to deliver the Darwin Centenary Lecture to 
the 1959 Polish Zoological Congress in Cracow—., 
practically his last service to science. 

Szarski was small and delicate-looking ; of great 
culture, wit, sensitivity and charm; unpretentious ; 
of highest integrity, with an over-riding sense of duty 
that over-taxed his strength. He had courage: during 
the Warsaw rising a young insurgent refugee to 
Szaraki’s lodging owed his life to Szarski’s bluffing 
of a Luftwaffe search-party. He won friendship 
everywhere: his students and colleagues speak of 
him as truly ‘nieodzalowany’ (never to be sufficiently 
mourned). 

Two recent working visits to England gave Szarski 
renewed. inspiration; in Poland British zoologistg 
have profited by his collaboration and enjoyed the 
bright hospitality of Pani Szarski, himself, and their 
young daughter, in their modest fiat high above the 
Oder. 

In preparing this notice I am indebted to Mr. W. 
Rybotychi of London, Prof. Sembrat of Wroclaw 
and Prof. Henryk Szarski, rector of the University 
of Torun. A. D. PEACOCK 


Prof. Ramesh Chandra Ray 


RAMESH CHANDRA Ray was born in 1890 and took 
the degree of M.Sc. from the Presidency College, 
Calcutta, in 1911. He was one of tho first students 
of the Indian Institute of Science, Bangalore, where 
he worked with Travers on boron compounds formed 
by the decomposition of magnesium boride. In 1915 
he was appointed professor of chemistry at Patna 
College and, after the War, joined Donnan’s labor- 
atory at University College, London, where he 
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continued his work on boron compounds. He suc- 
ceeded in preparing borohydrates and in establishing 
the existence of hitherto unknown oxides of boron. 
For his work on this complicated system he was 
awarded the D.Sc. of the University of London. He 
also obtained the fellowship of the Royal Institute 
of Chemistry. 

Returning to Patna, he was responsible for creating 
a school of research which produced a steady output 
of papers on inorganic chemistry. The majority of 
these dealt with boron compounds and formed a 
valuable contribution to the chemistry of that 


NATURE 


May 28, 1960 VoL, 186 


element. In 1940 he was appointed head of the 
Department of Chemistry, and m all he worked for 
thirty-five years at the College. His outside interests 
were extensive, even after retirement; he was 
chemical adviser to the Government of Bihar, 
chairman of the examination board of Bibar Univer- 
sity, founder-rector of the Ram Mohun Roy Institute 
and president of the Manorma Vidyapith. In 1944 
he was elected president of the Chemistry Section of 
the Indian Science Co i 

He died on December 3 and leaves a widow, four 
sons and three daughters. 


NEWS and VIEWS 


Electrical Engineering at Cambridge : 
Prof. E. B. Moullln 


Pror. E. B. Mouru retires from the char of 
electrical ongineering at Cambridge on September 30. 
Thus will end his official connexion with the Engineer- 
ing Laboratory, which he first entered in 1913. In 
that year he began to read for the Mechanical Sciences 
Tripos, having previously taken Part I of the Mathe- 
matical Tripos. After a short period im industry, 
Moullin returned to a lectureship in engineering at 
Cambridge which he held until 1929. It was during 
this period that he developed the valve voltmeter 
associated with his name, and carried out numerous 
researches in collaboration with L. B. Turner. In 
1930 he migrated to Oxford where he held the Donald 
Pollock readership in engineering science until 1945. 
Here, his scientific approach to electrical engineering 
problems attracted numerous research students, 
several of whom have since achieved world-wide 
recognition. Moullin was elected to a fellowship at 
Magdalen in 1932. During the Second World War 
he worked first at the Admiralty Signals Establish- 
ment and later in the research laboratories of Metro- 
politan-Vickers. In 1945 be returned to Cambridge 
as the first ocoupant of the newly created chair of 
electrical engineering and was elected to a fellowship 
at King’s College. For many years Moullin has taken 
an active part m the affairs of the Institution of 
Electrical i . He was chairman of the 
Radio Section in 1939 and president of the Institution 
in 1949. Ho æ the author of a number of successful 
text-books which are distinguished by a freshness 
and mdividuality of outlook. His scientific writings 
cover @ wide range of subjects but are largely con- 
cerned with problems in electromagnetic theory. 
The honorary degree of LL.D. was conferred on him 
by the University of Glaagow in 1958. 


Prof. C. W. Oatley 


C. W. Oarigpy, who succeeds Prof. Moullm in the 
chair of Electrical Engmeering at Cambridge on 
October 1, was educated at Bedford Modern School 
and St. John’s College, Cambridge. He read both 
parts of the Natural Sciences Tripos, specializing in 
physics, and graduated in 1925. After a short spell 
in the radio-valve industry he was appointed to a 
demonstratorship in the Physics Department of 
King’s College, London, where he worked under Sir 
Edward Appleton and later under Sir Charles Ells, 
until the outbreak of war. Durmg this period his 
interests were centred on various problems of electron 
physics, particularly those concerned with the 


measurement and interpretation of the contact 
potential difference between metals. In 1939, 
Oatley joined the Air Defence Experimental Estab- 
lishment of the Ministry of Supply, then situated at 
Christchurch. There he took charge of æ group 
working on radar receivers and became especially 
interested im ultra-high frequency and microwave 
measurements. In 1942, when the Establishment 
moved to Malvern and became the Radar Research 
and Development Establishment, Oatley was respon- 
sible for all basic research work. A year later ho 
became deputy to the Chief Superintendent and, 
during 1944-45, was m charge of all technical work 
in the Establishment. In 1945 he returned to 
Cambridge with a lectureship in the Department of 
Engineering and a fellowship at Trinity College. 
During the past fifteen years he has been active in 
building up research work in electronics and hag 
become interested in problems of electron micro- 
scopy. He was appointed to a readership in 1964. 
Since the War he has had close connexion with the 
work of the Institution of Electrical Engineers. He 
served on the Radio Section Committee for a number 
of years and wags chairman of the Section in 1964. 


Chemistry at Aberystwyth: Prof. C. W. Davies 


Pror. C. W. Davins, who is retiring from the chair 
of chemistry in the University College of Wales, 
Aberystwyth, is well known for his many contribu- 
tions to electrochemistry extending over an active 
research career of more than thirty years. Prof. 
Davies carly became interested in the conductivity 
of electrolytes, and at the appearance of the Debye— 
Hiickel theory he was among the first to suggest the 
combination of the law of mass action with the ionic 
interaction theory to account for the conductivity of 
strong electrolytes. He showed that the dependence 
on concentration of the conductivity of many electro- 
lytes could be accounted for if they were incompletely 
dissociated in solution. This conclusion was not at 
first readily accepted, because to many chemists the 
Debye—Huckel theory implied complete dissociation 
of all electrolytes. The idea that salts are com- 
pletely dissociated in solution, and that variations in 
conductivity are due to variations in mobility, was 
too simple and attractive to be readily abandoned. 
This difficulty of acceptance was imereased by the 
fact that the physical interpretation of incomplete 
dissociation was rather obscure. However, Prof. 
Davies and his collaborators showed that measure- 
ments of conductivity and of solubility led to results 
for dissociation constants of salts in good agreement 
with one another. Kinetic studies, too, have given 
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results which can only be explained by mcomplete 
dissociation. Apart from the important idea of 
incomplete dissociation and its careful experimental 
support, Prof. Davies’s other main contribution to 
electrochemistry was his book, “The Conductivity 
of Solutions”, published in 1929 and in 1933. His 
more recent work in the field includes studies of the 
polyphosphate ions in solution, as examples of ions 
with high negative charges, and the use of ion- 
exchange resins in electrochemistry. In addition to 
his personal researches, he has played a major part 
in building up the Chemistry Department at Aberyst- 
wyth to achieve its present reputation as an active 
centre in physical chemistry. 


Prof. A. F. Trotman-Dickenson 


Dr. A. F. Trorman-Droxenson, who has been 
appointed to succeed Prof. Davies, is at present 
lecturer in chemistry in the University of Edinburgh. 
In the course of a research career of more than ten 
years, he has made several important contributions 
to chemical kinetics, chiefly to the study of elementary 
reactions in gases. His work with Dr. E. W. R. Steacie 
at the National Research Council in Canada on the 
reactions of methyl radicals gave mformation about 
the rates with which these radicals abstract hydrogen 
from a wide range of compounds. Dr. Trotman- 
ee ee has studied the abstraction, decomposition 
and isproportionation reactions of many alkyl 
radicals and has obtained an important body of new 
information. In collaboration with Dr. J. H. Knox, 
he has developed competitive methods for obtaining 
relative rates of reaction of halogen atoms with 
various alkanes and has extended such methods to 
the study of oxidation. He has made contributions 
to the study of the reactions of the methylene radical. 
In yet another recent series of experiments, Dr. 
Trotman-Dickenson has determined several carbon— 
metal bond-strengths by kinetic methods. In addition 
to his main work on elementary reactions, Dr. 
Trotman-Dickenson, along with Dra. H. O. Pritchard 
and R. G. Sowden at Manchester, has made a most 
important detailed mvestigation of the effect of 
added gases on the rate of isomerization of cyclo- 
propane; this gave valuable information about 
energy transfer to reacting molecules. Huis book, 
“Gas Kinetics’’, published m 1954, is a useful survey 
of this branch of chemistry, and his recent monograph, 
“Free Radicals’’, is a valuable introductory text. 


Agricultural Sclences in the Rockefeller Founda- 
tlon : Dr. A. H. Moseman 


Dre. ALBERT H. Mosmaan has been appointed 
director for the agricultural sciences in the Rocke- 
feler Foundation. Dr. Moseman went to the Rocke- 
foller Foundation in 1956 as associate director for 
the agricultural sciences. Previously he was director 
of crops research of the Agricultural Research Service 
of the U.8. Department of Agriculture. He was born 
in Oakland, Nebraska, received the B.S. and M.S. 
degrees from the University of Nebraska and the 
Ph.D. degree in plant breeding and genetics from the 
University of Minnesota. He served on the mission 
which helped plan the Point IV programme in agri- 
culture, and was a member of the joint Indo-American 
team which developed recommendations to the 
Government of India for improvements in agricul- 
tural research and education. The University of 
Minnesota conferred its Outstanding Achievement 
Award on Dr. Moseman in 1958. 
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Biology at Oregon : Prof. G. Strelsinger 


De. Gmorcz Streerminers has been appointed 
associate professor of biology in the Institute of 
Molecular Biology at the University of Oregon as 
from September 1. Prof. Streisinger is at present at 
the Carnegie Institution of Washington, Department 
of Genetics, Cold Spring Harbor, New York. He 
took his Ph.D. degree in bacteriology at the Univer- 
sity of Illinois, and was a post-doctoral fellow of the 
National Foundation for Infantile Paralysis at the 
California Institute of Technology. He spent the year 
1957-58 working with Dr. Francis Crick m the Caven- 
dish Laboratory, Cambridge. Dr. Streisinger’s prin- 
cipal research interest at present is in the relationship 
between the structure of a protein (bacteriophage 
lysozyme) and the structure of the gene which controls 
its formation. 


Experimental Biology at Rehovoth, Israel : 
Prof. J. Berenblum 


THe establishment of the Jack Cotton research 
professorship of experimental biology at the Weiz- 
mann Institute of Science, Rehovoth, Israel, will help 
to consolidate and further the work carried out in the 
Department of Experimental Biology at the Institute. 
The first holder of the chair will be Prof. I. Beren- 
blum, who has been in charge of the Department 
since its inception in 1950. This Department com- 
prises a number of sections in different branches of 
biology and experimental medicine, several of them 
connected with cancer research—the fleld of Prof. 
Berenblum’s own specialization. Prof. Berenblum 
is @ graduate of the University of Leeds, a former 
Beit Memorial Research Fellow (at the Dunn School 
of Pathology, University of Oxford), and at one time 
in charge of the Oxford University Research-Centre 
of the British Empire Cancer Campaign. His field 
of research has been mainly concerned with the 
‘two-stage mechanism’ of carcinogenesis. The pro- 
posed expanded programme of research, aided by the 
munificent gift of Mr. Jack Cotton, will entail the 
expansion of the work on the two-stage mechanism of 
carcinogenesis, with particular emphasis on the 
biological and biochemical role of urethane in the two- 
stage process, and the extension of the principles to 
systems other than the skin, including its recently 
discovered. role in leukssmogenesis. The recent addi- 
tion of further animal buildings, X-ray equipment, 
and the intended expansion of its biochemical facili- 
ties, will further the projected expansion of the 
research programme. ' 


Amalgamation of the Institute of Physics and the 

Physical Soclety 

Tua Institute of Physics and the Physical Society 
have ated and the new body will be known 
as ““The Institute of Physics and the Physical Sosiety’’. 
The first president of the amalgamated body is Sir 
John Cockcroft, and the four vice-presidents are Dr. 
J. Topping, Dr. W. H. Taylor, Prof. R. W. Ditchburn 
and Mr. A. J. Philpot, each responsible to the Council 
for a defined area of the many activities to be taken 
over by the new organization from its predecessors. 
The presidents of the original bodies, Sir George 
Thomson and Mr. J. A. Ratcliffe, are also members 
of the new Council. The other officers are Dr. J. 
Taylor (honorary treasurer) and Dr. C. G. Wynne 
(honorary secretary). 

The Physical Society of London, as it was then 
called, was founded in 1874, and on the initiative of. 
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that Society’s Council, the Institute of Physics was 
founded forty-five years later. The original scheme 
envisaged a kind of federation of societies interested 
ın physics, to provide, among other objects, rooms 
for meetings, a library, and a common secretariat. 
In fact, the Institute’s offices were in the Society’s 
present rooms in South Kensington during 1927—49, 
and the Institute provided the secretariat for the 
Physical Society and the Optical Society, which them- 
selves amalgamated in 1931. Broadly speaking, 
before the War the scientific meetings and publecs- 
tions of the Institute were confined to applied physics, 
while those of the Society were concerned more with 
pure physics. As, however, the boundary between 
these two aspects became less definite there has been 
increasing overlap in the activities of the two bodies 
and in their membership. It is not, therefore, sur- 
prising that during the past twenty years proposals 
for the amalgamation of the two bodies have been 
made repeatedly, and from time to time detailed 
proposals examined, until eventually a satisfactory 
solution was worked out. The executive officers of 
the new body are: Secretary, Dr. H. R. Lang; 
Editor and Deputy Secretary, Dr. A. C. Stickland ; 
Deputy Secretary, Mr. N. Clarke. The registered 
offices and headquarters are at 47 Belgrave Square, 
London, 8.W.1, and for the present, offices will also 
be retained at 1 Lowther Gardens, South Kensington, 
London, S.W.7, 


University of Toronto Computation Centre 


Tse Board of Governors of the University of 
Toronto has approved the proposal to construct, 
install and operate a copy of Iliac II as the major 
computing facility in the Computation Centre at the 
University of Toronto. This project is financed in 
part by a grant of 600,000 dollars from the National 
Research Council of Canada and the Sir Frederick 
Banting Fund. FHiao IT 1s the high-speed computing 
machine now being constructed at the Digital 
Computing Laboratory of the University of Dlinois. 
In it, solid-state devices are used as the main elec- 
tronic parts. It 1s designed to be a very reliable and 
easily serviced machine. Its logical design is elabor- 
ate, novel and very efficient in large calculations. The 
construction at Toronto will be under the supervision 
of Profs. R. W. MeKay and C. C. Gotlieb, who have 
been associated with the work at Illinois for the past 
four years. The University of Toronto plans provide 
special accommodation for the Centre in the new 
Physics Building to be occupied, it is hoped, in 1962. 


Appolntments in Industry and Commerce 


THE annual report for 1959 of the Committee for 
Appointments, published ın @ supplement to the 
Oxford University Gasetie of March 14, records that 
of 8,702 vacancies, 5,645 called for men with scientific 
qualifications, an increage of 2 per cent on the previous 
year, compared with 11-6 per cent increase in the 
demand for arts men for industry and commerce. 
Discussing the effect on graduate employment of the 
bulge in school population and of the trend to stay 
on in sixth forms of grammar and public schools, the 
report stresses the need to convince industrial firms 
that universities really are creaming off the best of 
the sixth-form leavers even when university places 
cannot keep pace with the rise in numbers of sixth 
formers who are up to normal entrance standards 
and when sandwich courges are very attractive to 
parents. Meanwhile, it is apparent that there are far 
too many mediocre graduates on the market, and 
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three-quarters of the engineering graduates entering 
the engineering industry make competent specialized 
technical men but are not up to leading teams m 
difficult times. The emphasis ın recruitment must be 
on good engineers who can handle people, practical 
men who can get results from engineering ideas, and 
the Committee suggests that if the universities cannot 
prove that such are ther products, industry could 
lose much of its interest in graduates. It is also 
suggested that there may be a tendency in some 
firms to concentrate, up to 1965, on school-leavers to 
the exclusion or partial exclusion of graduates. The 
school-leaver is refreshingly attractive, bemg eager 
to get going in a job, lively, enthusiastic, not choosy, 
and in contrast with graduates who have been 
generally cogseted in choosiness and superficial 
indifference and an attitude suspiciously near that 
of “the world owes me @ living”. Pointing out that 
if the effect of the bulge and trend ultimately is to 
compel graduates to try harder to secure an appro- 
priate job, graduates will benefit, and commenting 
on ‘‘the dreary procession of would-be B.Sc.’s” seen 
each year by industrial recruiters, the report suggests 
that sixth formers may constitute formidable com- 
petition in that they will have had two or three 
years experience. 


Choosing a Career 

To help young people in their choice of 8 cereer, 
some twelve years ago the Central Youth Employ- 
ment Executive of the Ministry of Labour and 
National Service began a series of publications 
designed to give information about various occupa- 
tions and the opportunities they provide entitled 
“Choice of Careers’’. The series has been remarkably 
successful and, altogether, 163 editions, many of 
them revisions of earlier issues, have been published. 
Total sales of all editions have been well over a 
milion. To mark the issue of the 100th booklet, 
which is called “The Scientist’, the Central Youth 
Employment Executive has reprinted the first 
booklet, “Choosing your Career”, which deals with 
the fundamental questions which young people need 
to pose before selecting a particular occupation in 
which they intend to pursue e career (Choice of 
Careers Series No. 1. Pp. 32. Is. 6d. net). Another 
booklet, ‘Laboratory Technicians and Assistents”, 
is even more profusely illustrated and contains much 
information about an asgistant’s job in the laboratory 
(Choice of Careers Series No. 94. Pp. 56. 2e. 6d. net). 
It is surprising, therefore, that ‘The Scientist’’ 
should be produced with such little imagination and 
launched at half the cost of “Laboratory Technicians 
and Assistants’ (Choice of Careers Series No. 100. 
Pp. 48. ls. 3d. net). The text seems designed to 
show that the scientist’s highest ambition should 
be to become a ‘backroom boy’ while, 1f he turns to 
industry, he may find jobs in plant management 
provided he is prepared to give ‘technical guid- 
ance’ in running the plant and not wish to accept 
“direct responsibility for production management’. 
Little reference is made to the scientific training 
which our future administrators will need. The tone 
of the booklet appears to indicate that Whitehall is 
still controlled by men who believe that men of 
science can perform useful supporting roles as 
technical experts, but that direction should rest with 
men, trained in the liberal arts. Forthcoming book- 
lets in the series are to be “Mathomatics’” and 
“Applied Science and Technology”. The booklets 
are obtainable from H.M. Stationery Office. 


No. 4726 May 28, 1960 


British Water Research Association 


Tae fourth annual report of the Water Research 
Association covers the year ended June 30, 1959, and 
mcludes the reports of the Council and of the director 
of research, Dr. R. G. Allen, together with lists of 
staff and of members (pp. 31+4 plates. Redhill: 
Water Research Association, 1959). The Associs- 
tion’s application, for a grant from the Department 
of Scientific and Industrial Research was approved. 
in February for the five years commencing 1959, 
at £15,000 a year, conditional on a minimum of 
£30,000 being raised by the industry, with up to a 
further £12,000 a year on the basis of £80 for every 
further £100 of membership income. In his report, 
the director again refers to the studies of the effect 
of pH on the coagulation of dilute colloidal dispersions 
of clay minerals, which have indicated that except for 
the bentonites, which can be coagulated with low 
doses of aluminium sulphate at all pH values below 
7:5, the amount of aluminium sulphate required to 
effect coagulation is at a minimum about pH 6-8-7-5. 
Work on the isolation of suspended colloidal matter 
in rivers using a contmuously operated centrifuge is 
virtually complete, and a comprehensive investigation 
has been commenced on the effect of various factors 
in the preparation of activated silica. Other work 
has included the effect of physical variants on 
copgulation, the absorptiometric determination of 
alunfinium, the leaching of lead stabilizers from 
polyvinyl chloride pipes and the determination of the 
permeability of plastic pipes to coal gas. 


Museum of Applied Arts and Sclences, Sydney 


In common with most museums and art galleries 
the institution at Sydney is greatly in need of addi- 
tional buildings to enable the Trustees to fulfil their 
obligations to the public. Lack of amenities for both 
visitors and staff, as well as inadequate facilities for 
exhibition, storage and preparatory work, was causing 
concern, and disappointment was expressed, at the 
delay in implementing plans for improvement. 
Recently, however, some progress has been made and 
plans have been prepared for an extension to the 
present building and negotiations have started to 
take over an existing building on a neighbouring site 
for the storage and display of heavy machinery and 
transport exhibits. It is the aim of this Museum to 
show the latest trends in technology and thus provide 
inspiration and ideals for local manufacturers and 
others interested. To do so the staff must study 
developments in science at world research centres 
and by continuous contact endeavour to obtain 
specimens and relevant information regarding exam- 
ples of applied science (Annual Report of the Trustees 
of the Museum of Applied Arts and Sciences, Sydney, 
for the year ended 8lst December, 1958. Pp. 19. 
Sydney: Museum of Applied Arts and Sciences, 
1960). 


New Mineralogical Perlodicals 


THe formation last year of the Mineralogical 
Society of India has been quickly followed by the 
publication of The Indian Mineralogist, to be issued 
by the Society half-yearly as a medium for articles 
on crystallography, mineralogy, petrology, and allied 
subjects (Editorial Office: Department of Geology, 
A.C. College, Madras 25; price 10 R. per annum). 
The first number (Part 1, 1960) comprises twelve 
articles in 107 pages, most by Indian workers but a 
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few contributed by Scandinavian and Australian 
mineralogists. If the initial standard is maintained, 
the journal will become one of international repute- 
tion and the Society should readily enlarge its present 
membership of 160, mainly resident in Southern 
India. Simultaneously, a new Russian journal has 
been issued by the East Siberian Division of the All- 
Union Mineralogical Society (Zapiski Vostochno- 
Stbirskogo Otdelentya Vsesoyuznogo Mineralogicheskogo 
Obshchestva, Academy of Sciences, Moscow: Vol. 1, 
No. 1, 1959. Pp. 130. price 7r. 30k.), concerned 
principally with the topographical mineralogy of the 
territories east of the Urals. The eastward drift of 
Soviet geological—mineralogical interests 1s reflected 
also in the establishment this year of a new Geo- 
chemical Institute and Laboratory for Isotope 
Geology in the town of Irkutsk, administered by the 
Siberian Division of the Academy of Soiences, and 
one can expect that there will be no shortage of 
important contributions to the new periodical. 


Compilation of Russian Journals 


UNDER the title ‘Russian Journals’, a union let 
of titles of 54 such periodicals held by four libraries 
in Manchester and Salford has been compiled for the 
benefit of scientists, research workers, students and 
librarians (pp. 14. Library Association: North 
Western Group. Reference, Special and Information 
Section. Manchester: Central Library, 1960). In an 
introduction, Mr. L. L. Ardern, under whose direction 
tho list has been compiled, indicates that the Secretary 
of the Group will be glad to have details of other 
Russian titles held by other libraries in the ares and 
to add these to @ union list on cards held by the 
Regional Library Bureau. The entries are listed in 
alphabetical order of the Russian title, under the 
society's name if the periodical is published by a 
society. There is a full mdex under translitorated 
and translated titles. The participating libraries are 
those of the Manchester College of Science and Tech- 
nology, University of Manchester, Royal Technical 
College, Salford, and Manchester Public Libraries. 


Chromosome Abnormalities In Man 


Iw @ recent issue of Sctence Progress (48, No. 190, 
April 1960) Dr. C. O. Carter points out that the 
year 1959 will be remembered for an important break- 
through in the science of human genetics. This was 
the discovery that certam congenital abnormalities 
in man are due not to ‘point mutations’, that is 
mutations involving only a tiny fragment of a chromo- 
some, but to the addition or loss of whole chromo- 
somes. Most mutations in animals and plants are 
‘point’ mutations, and no change is apparent on 
examining chromosomes. Some mutations, however, 
are accompanied by visible changes in the chromo- 
some. These vary from the addition or loss of whole 
chromosomes to the addition or loss of a small 
fraction of a chromosome. Investigation hag shown 
that loss of an appreciable fragment, say, a fifth, 
of an average-sized chromosome is not compatible 
with life. The presence of extra fragments of chromo- 
some, however, is better tolerated, though resulting 
in some degree of abnormal development, and in 
plants a number of examples of individuals with one 
extra chromosome have been studied. These 
‘trisomics’ have the chromosome number 2n + 1, 
and one chromosome is present in triplicate, not 
paired. 
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Resistance to Root-knot Nematodes 


Tam immunity or resistance which some plants 
possess to attack by root-knot eelworms (Meloidogyne 
spp.) has led to the suggestion that the use of such 
plants in the rotation, or as trap crops, would effect 
& measure of control in root-knot infected land. A 
list of published records of plants showing complete 
or partial resistance to identified Meloidogyne species 
has recently been compiled and catalogued by Mary 
T. Franklin and D. J. Hooper on behalf of the 
Commonwealth Agncultural Bureaux (Planta Re- 
corded as Resistant to Root-Knot Nematodes 
(Meloidogyne spp.). Pp. ii+33. Farnham Royal: 
Commonwealth Agricultural Bureaux, 1969. 7s. 6d.). 
In the first section the resistant plants are listed 
alphabetically, wrth the authorities for their scientific 
names as given in Index Kewensts and the breeding 
line, strain or varietal name if stated, followed by 
the species of Melordogyne to which they are resistant, 
with the author and date of record. In the second 
section the plant species are arranged in their families 
and listed under each nematode to which they have 
been recorded as resistant. The third section gives 
the literature from which the records have been 
taken. It is emphasized that the plants listed are 
not necessarily representative of the whole plant 
kingdom. They are either crop plants in which 
resistance has been noticed by chance, planta that 
have been tested for resistance because they would 
be suitable rotation or cover-crops in root-knot 
infested areas, weeds growing among infested crops 
or planta bred for root-knot resistance. For the 
purpose of the compilation resistance is taken to be any 
relationship between plant and nematode in which 
the nematode fails to produce viable eggs. Records 
of partial resistance (defined as the condition in 
which the rate of reproduction of the nematode is 
extremely low in relation to the degree of soil 
infestation) have been included. 


Cleaning Fossils by Ultrasonic Waves 


AN important article by Mr. J. N. M. Firth in the 
Museums Journal of April describes the cleaning 
of fossils in various types of matrix by ultrasonic 
waves. The instrument used was a 500-W. ‘Soniclean’ 
generator, type 1150, manufactured by Dawe 

ents, Ltd., and the cleaning tank of 14 
gallons was made of welded stainless steel. The 
specimen was either placed in a glass beaker contain- 
ing cleaning flud and floating in the tank or was 
suspended directly. A temperature of 65° C. was 
found to give the best results, and a few drops of 
liquid soap added to the fluid decreased the surface 
tension. Is was also found advisable to replace the 
cleaning fluid when it became dirty, as such particles 
tended to damp out the waves. From a series of 
experiments, ıt would appear that there is a short 
interval of time at the start of treatment during which 
most of the dirt adhering to the specimen is removed. 
This is followed by a period of no further appreciable 
cleaning and finally by gradual degradation, the time 
for which depends on the lithological properties of 
the specimen. 


Royal Geographical Soclety Research Fellowship 


Der. P. Satway, Research Fellow of Sidney Sussex 
College, Cambridge, has been awarded a Royal 
Geographical Society research fellowship for work 
on the geography and topography of the Roman 
Fenland. During past years the progressive desicca- 
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tion of the Fenland has revealed an extensive system 
of Romano-British farms and settlements, with 
associated fleld-systems, droveways and water- 
courses, both artificial and natural. Continued 
desiccation will obliterate most of these before the 
end of the century. There is no part of the surface 
of Great Britain where the details of an ancient land- 
scape can be so completely recovered as in the 
Fenland, and one product of Dr. Salway’s research 
and field-work will be a detailed map of the region 
ag it was in Roman times. The fellowship has been 
established by the Society with the aid of a grant 
from the Maro Fitch Fund. 


Ciba Fellowships 


Tse Ciba Fellowship Trust, which was founded 
for the purpose of furthering the exchange of ideas 
between scientists in the United Kingdom and on the 
Continent, has awarded the following fellowships for 
the academic year 1960-61: Dr. V. P. Arya (Banaras 
Hindu University, University of London and the 
Polytechnic, Zurich), to study in Stockholm (natural 
products chemistry); Dr. K. Jones (University of 
Sheffield), to study at the University of Heidelberg 
(organic chemistry); Dr. B. L. Mordike (University 
of Birmingham and University of Cambridge), to 
study at Gottingen (physical metallurgy); Mr. C. N. 
Banwell (University of Cambridge), to study at 
Zurich (spectroscopy) ; Miss P. M. Bryant (University 
of Oxford), to study at Basle (organic chemistry) ; 
Mr. R. Grmter (University of Exeter), to study at 
Zurich (physical organic chemistry); Mr. W. D. 
Bamulton (Queen’s University of Belfast and Univer- 
sity of Birmingham), to study in Yugoslavia (nuclear 
physics); and Mr. J. R. Miller (University of Cam- 
bridge), to study at Munich (inorganic chemistry). 


National Sclence Foundation Awards 


Tre National Science Foundation has announced 
the award of 1,200 graduate fellowships in the 
sciencea, mathematics, and engineering for the acad- 
emic year 1960-61. Successful candidates were 
selected from 4,696 applicants from all parts of the 
United States and its territories. Of the awards, 233 
were made mn the biological sciences, 946 in the physi- 
cal sciences, mcluding a number in interdisciplinary 
fields, and 21 awards were made in certain sreas of the 
social sciences. The fellowships enable the holders 
to attend any appropriate non-profit-making institu- 
tion in the United States or in a foreign country. The 
graduate fellowships provide basic stipends (for 
12 months) of 1,800 dollars for the first-year level of 
graduate study, 2,000 dollars for intermediate years, 
and 2,200 dollara for the terminal year. These 
fellowships include additional allowances for depen- 
dants and tuition, as well as a limited travel allowance. 


Royal Soclety of Arts : 
Industrial Arts Bursaries Competitions 


Tus Royal Society of Arts has issued a report on 
the Society’s annual Industrial Arts Bursaries 
Competition for 1959, in which 653 candidates from 
81 schools and industrial establishments entered the 
17 sections (pp. 66. London: Royal Society of 
Arts, 1960). A total of 34 bursaries amounting to 
£4,425 wes awarded and the report includes the 
reports of the individual juries. Two inquiries were 
conducted by the Industrial Arts Bursaries Board in 
connexion with these competitions during the year. 
The replies to the first Inquiry, which covered those 
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directly concerned with the competition, including 
the principals of some twenty of the larger schools, 
indicated that the overwhelming majority considered 
the competition was doing useful work and that the 
Society should continue to organize similar com- 
petitions. Many suggestions for the extension of the 
competition to cover a wider range of industrial and 
commercial needs were also received. The second 
inquiry was into the subsequent careers of winners of 
bursaries since 1946. Most of these young designers 
attribute their present employment, at least in part, 
to their success in these competitions, and all pay 
tribute to the opportunrty which the bursaries 
provided, at the outset of their careers, to broaden 
their outlook and experience. 


Nato Meeting on lonospheric Research 


GREEK national suthorities have invited the 
Ionospheric Research Committee of the Nato Ad- 
visory Group for Aeronautical Research and Develop- 
ment to hold its next meeting in Athens during 
June 30-23. The four-day meeting will be devoted 
to discussions on radio-wave absorption. Among 
those who will be presenting papers are Mr. J. 
Ratcliffe (University of Cambndge); Mr. Finn Lied, 
director of the Norwegian Defence Research Estab- 
lishment ; M. Nicolet, director of the Centre National 
de Recherches de Espace (Belgium); and Prof. 
Vassy (Université de Paris). Further information 
can be obtained from the Advisory Group for Aero- 
nautical Research and Development, Organization 
du Traté de Atlantique, Palais de Chaillot, Paris, 16. 


Summer Courses In Western Europe 


Two publications have recently become available 
concerning summer courses in Western Europe. 
‘Residential Short Courses” is a six-monthly calendar 
issued by the National Institute of Adult Education 
and covers short courses to be held, during the sum- 
mer, in Britain. “European Calendar of Short 
Summer Courses’ covers & similar fleld of courses to 
be held in Western Europe as a whole, and is issued 
by the Bureau Européen de l Education Populaire 
(Notes et Etudes, No. 15). Both publications are 
available from the National Institute of Adult 
Education, 35 Queen Anne Street, London, W.1, 
price 1s. each (postage 6d.). 


Announcements 


Pror. R. L. Wars, professor of physical sciences 
in Wye College (University of London), has been 
awarded the Research Medal of the Royal Agri- 
cultural Society of England. 


Dr. C. J. T. Cronssaw has been awarded the 
Hinchley Medal of the British Association of Chemists 
for lug great services to the chemical industry while 
head of the Dyestuffs Division of Imperial Chemical 
Industries, Ltd. 


Mr. Lesum T. Monron, librarian of the National 
Institute of Medical Research, Mill Hill, London, 
N.W.7, has been given the Marcia C. Noyes Award 
of the Medical Library Association of America for his 
outstanding services to medical bibliography and 
hbrarianship. This Award has hitherto only been made 
to medical librarians in the United States. 


Honorary fellowships of the Royal Aeronautical 
Society have been conferred on Prof. W. J. Duncan, 
professor of aeronautics and fluid mechanics at the 
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University of Glasgow and chairman of the Aero- 
nautical Research Council ; and Sir George Edwards, 
maneging director of Vickers-Armstrongs (Aircraft) 
Lid., and a past president of the Society. 


Dr. W. J. Keorr of Corvallis, Oregon, has been 
appointed the sixth Castner Memorial lecturer and 
will deliver his lecture, entitled “The Fusion Electroly- 
sis of Titanium”, in Glasgow on October 7. Further 
information can be obtamed from the Society of 
oe Industry, 14 Belgrave Square, London, 

WI. 


THe German Academies and the Austrian Academy 
of Science have announced that an edition of the 
letters of Alexander von Humboldt (1769-1889), the 
German naturalist and traveller, is in the course of 
preparation. Owners of any letters by Humboldt or 
addressed to him are invited to communicate direct 
with Prof. Dr. H. Ertel, chairman of the Alexander 
von Humboldt-Commission, Deutsche Akademie der 
Wissenschaften zu Berlin, Berlin 6, Germany. 


Tas fourth volume of the Journal of Electronics and 
Control contains interesting papers on plasma physics 
and on recent developments in the theory of tran- 
sistors. A particularly interesting research noto 
describes a switching diode, using galium arsenide, 
in which hole storage effects have been so reduced 
that transition is less than two milli-micro-seconds. 


A syMProsrum on recent developments in the 
applications of nuclear science for peaceful purposes 
will be held in Hauradan, Iran, durmg July 6-19. 
Further information can be obtamed from Dr. M. L. 
Smith, CENTO Institute of Nuclear Science, P.O. 
Box 1828, Tehran, Iran. 


THE annua! Electronics and Instruments Exhibition 
and Convention of the Institution of Electronics ig 
to be held, at the Manchester College of Science and 
Technology, during July 7-13. Further information 
can be obtained from W. Birtwistle, general secretary 
of the Institution of Electronics, 78 Shaw Road, 
Rochdale, Lancs. 


A sort meeting of the Challenger Society and 
representatives from the Marine Laboratories (Devel- 
opment Commissioners Scheme) will be held in the 
Department of Zoology, University of Cambridge, 
during June 23-24. Further information can be 
obtained from Dr. R. Bainbridge, Department of 
Zoology, Downing Street, Cambridge. 


Tam Nutrition Society is holding a symposium at 
Rothamsted Experimental Station, Harpenden, on 
“Food Losses in Field and Store’, on July 2. Further 
information can be obtained from the honorary 
programmes secretary of the Nutrition Society, Miss 
D. F. Hollingsworth, at the Mmistry of Agriculture, 
Fisheries and Food, Great Westminster House, 
Horseferry Road, London, 8.W.1. 


An international conference, the first of its kind, 
is to be held on ‘‘Congenital Malformations” by the 
International Medical Congress, Ltd., at Church 
House, Dean’s Yard, Westminster, London, 8.W.1, 
during July 18-22. Further information can be 
obtained from the Secretariat of the First Inter- 
national Conference on Congenital Malformations, 
67 New Bond Street, London, W.1. 


ERRATUM. In the note entitled Instrument.. 
Abstracts in Nature of April 30, p. 359, it is stated that 
the issue dated January 1980 is No. 1, Vol. 1; 
this ıs incorrect. It should read: No. 1, Vol. 15. 
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U.S. NATIONAL ACADEMY OF SCIENCES 
MEDALS AND AWARDS 


HE following awards by the U.S. National 

Academy of Sciences have been announced : The 
James Craig Watson Medal, to Prof. Yusuke Hagihara, 
formerly professor of astronomy in the University of 
Tokyo and director of the Tokyo Astronomical 
Observatory and later professor in Tohoku University, 
a post from which he has just retired. Prof. 
is best known for his original contributions to the field 
of celestial mechanics, the study of celestial bodies in 
motion. Perhaps his most significant work has been 
his paradigms for the general problem of the stability 
of motion—a basic question in celestial mechanics. 
Prof. Hagihara’s mathematical talents have also been 
turned to one of astronomy’s most vexing puzzles 
—the restricted problem of three bodies. Astrono- 
mers have long sought, without complete success, to 
calculate the relative motions of three bodies when 
given the positions and motions of the bodies at a 
point in time. Celestial mechanics is not the only 
astronomical field of interest in which Prof. Hagihara 
has gained distinction. He has also made original 
contributions to theoretical astrophysics, the theory 
of relativity, and solec eclipses. A prodigious 
scientific author, he has published more than twenty- 
five papers and monographs on celestial mechanics 
alone, and is the author of ten books on various 
astronomical subjects. 

Tho Agassiz Medal, in recognition of original con- 
tributions to the field of oceanography, to Dr. Anton 
Frederick Bruun, of the University of Copenhagen. 
Dr. Bruun is a leading authority on life in the deep 
sea, and has won similar distinction as an effective 
leader of oceanographic expeditions. In addition to 
the many expeditions in which he has participated, 
Dr. Bruun Jed an expedition during 1945—46 to tropi- 
cal West African waters, and, during 1950-62, 
headed the Galathea expedition that circled the globe 
in a study of the ocean deeps. At present, he is 
directing an expedition to the South China Sea, 
sponsored jointly by the Scripps Institution of 
Oceanography and the International Co-operation 
Administration. It was the Galathea expedition that 
earned Dr. Bruun especial acclaim for his ability to 
enlist scientists from many nations in a co-operative 
research programme. Although a voluminous series 
of reports has already resulted from the Galathea 
findings, it is anticipated that additional reports 
will be published for many years to come. One 
of the expedition’s most significant achievements 
was its trawling of the approximately 34,500-ft. 
deep Philippine Trench, just east of the Islands. 


Most dramatic finding of the Galathea expedition was 
the discovery of a ‘living fossil’, the mollusc Neoptlina, 
the nearest relatives of which were thought to have 
become extinct some three hundred million years 
ago (Nature, 179, 413; 1957). During 1926-33, 
Dr. Bruun was engaged in, oceanographical research 
ag & member of the Danish Fisheries Commission. In 
1933 he was appointed curator of molluscs in the 
Zoological Museum of the University of Copenhagen. 
He has also held appointments at the Carlsberg 
Laboratory, the Marime Biological Laboratory, and 
the Danish Aquarium. 

The Kimber Genetics Award, to Prof. George Wells 
Beadle, professor of biology and chairman of the 
division of biology at the California Institute of 
Technology. Prof. Beadle’s specific research interests 
have been, successively, the genetics and cytology 
of maize; the genetica of Drosophila melanogaster ; 
the chemistry and the biology of eye pigment in 
Drosophila ; and the chemical genetics of Neurospora 
crassa, or red bread mould. Perhaps the most 
significant result of his work has been the finding 
of new ways to trace the action of genes. Thesbeést- 
known. of these techniques is the use of Neurospora 
to follow the steps by which genes influence the 
synthesis of vitamins, amino-acids, and other basic 
ingredients of life. This simple and ingenious tool 
was developed by Dr. Beadle in collaboration 
with Dr. Edward L. Tatum and others. Prof. Beadle 
has occupied his present chair at the California 
Institute of Technology since 1946. Previously, he 
was professor of biology at Stanford University 
during 1937-46, and assistant professor of genetics at 
Harvard University during 1936-37. Prof. Beadle 
has been elected a foreign member of the Royal Society 
of London this year. 

The J. Lawrence Smith Medal, for outstanding 
investigations of meteoric bodies, has been awarded 
to Dr. E. J. Öpik (Nature, April 23, p. 280). 

The Public Welfare Medal of the National Academy 
of Sciences has been awarded for “eminence in the 
application of science to the public welfare” to Dr. 
Alan T. Waterman, director of the National Science 
Foundation. Established in 1913 by Mrs. Helen 
Hartley Jenkins in honour of her father, Marcellus 
Hartley, the Public Welfare Medal is considered to 
be the most distinguished of the Academy’s medals. 
It is unique among them in that it is awarded for 
outetanding public service m the uses of science, 
rather than for achievements within a particular 
scientifico discipline. 


SIXTH-FORM SCIENCE AS A PREPARATION FOR 
UNIVERSITY WORK 


N March 1958 the Senate and Council of the 
University of Birmingham approved a proposal for 
an inquiry to be held into ahs suitabilty of the 
General Cortificate of Education (Advanced Level) 
syllabuses in science as a preparation for direct entry 
into first-degree courses in the Faculty of Science. 


This useful report, now published, was financed by 
the Gulbenkian Trustees. The subjects under 
consideration were biology, chemistry, geography 
and geology, mathematics and physics. The Panel 
began its work by considering what sixth-form 
training would be most valuable to a pupil who 
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proposed to enter a first-degree course in a bio- 
logical subject*. 

It waa felt to be essential, in view of the increasing 
emphasis on the experimental aspects of biology, that 
such pupils should acquire an understanding of the 
basic sciences—-chemistry, mathematics and physics. 
They should preferably study biology, but the Panel 
would not exclude from a university course those 
whose only background was a sixth-form knowledge 
of the three other subjects. “Intending biology 
studenta should be taught to practise the scientific 
discipline of observation and deduction, and to 
despise that pointless accumulation of facts and terms 
which sometimes passes for scientific education and 
they should be given training in clear, purposeful and 
accurate descriptive writing in their own language”. 
The Panel was impelled by two main, considerations 
to pronounce against botany and zoology and the 
current biology, and in favour of a single, revised 
course in biology, which should stress the underlying 
principles of the subject and show the fundamental 
similarities of living things as well as the funda- 
mental differences between plant and animal. 

The present chaotic of examinations at 
Ordinary, Advanced and Scholarship levels, with 
different requirements from each Board, is critically 
considered, and so useful proposals are made towards 
a more rational system. The approach of the 
teacMer to the syllabus is largely determined by the 
type of examination paper which is set. Although 
the marking of a large number of seripta by many 
examiners is not easy, and this has led to the use of 
questions which can be marked quickly and precisely, 
these questions may not be of the type best suited to 
selecting the best candidates. 

At present, selection for entry to university is made 
on the basis of Advanced-level performance, supple- 
mented by an interview. The latter occasionally 
reveals that a student with good marks depends on a 
particularly good memory and that this kind of 
entrant usually fails to maintain his performance in 
the university. It was felt that the introduction of 


* University of Birmingham. Report of an Enquiry into the Suit- 
Certificate of Hducation Advanced Level 

on for Dtrest Entry into Firat 
Degree Science. Pp. v+212. (Birmingham : 
The University, 1059.) 
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Scholarship-type questions would enable a distinction 
to be made between the fundamentally sound pupil 
and the ‘memory-man’. In general, there is a 
remarkable parallelism between the weaknesses, 
difficulties and suggested remedies in all the subjects. 
Very useful suggestions are made towards the 
teaching of fundamental principles, and the eschewing 
of the unintelligent learning of masses of factual 
snippets. The report of the Panel is so detailed and 
yət succinct that further summary is not possible. 

This report throws into relief the need for other 
investigations. Each university can have its own 
pre-requisites for entry to its courges, and, in this 
matter, there are differences in standard and scope 
between science subjects. This makes difficulties for 
the sixth-former who, in the hope of securing entrance - 
to a university, applies to a number of them. While 
it is impossible, and if it were possible it would be 
undesirable, to secure uniformity in this matter, 
much wastage of effort (even clerical effort), confusion, 
and disappointment result. 

It is hoped that other universities will issue similar 
reports, for the matter is both socially important and 
urgent. Although it is outside the terms of reference 
of the present report, there is a more general problem 
of & parallel nature which is receiving some attention 
in an inquiry of which the resulta are awaited. Too 
many sixth-form students, who seem to promise 
much, fail to do well at the university. This is a 
source of disillusion, a wastage of brain-power and 
money, and a failure to meet social needs, which 
needs careful mvestigation and, if possible, a 
remedy. 

There are other matters which should be con- 
sidered, though these are outside the scope of the 
present report. For example, there is the failure of 
the less-than-brilliant sixth-form student to adjust 
himself quickly enough when he comes to the univer- 
sity with its short terms and social temptations 
presented by the Students’ Union, the failures to use 
the vacations adequately and the early dates of the 
examinations in the last undergraduate year. The 
shortages of good sixth-form teachers, particularly of 
science and mathematics, and even of good examiners 
are other, but nevertheless important, matters. 

W. L. SUMNER 


THE NEEDS OF UNIVERSITY STUDENTS 


N a memorandum submitted to the University 

Grants Committee, the National Union of Students 
describes its attitudes to the problems involved in 
university expansion. Because of their direct experi- 
ence, the views of the National Union of Students are 
hkely to be of greatest significance where it discusses 
the noeds of students. It has recently suggested, 
for example, that if adequate and suitable accom- 
modation, which may be of many different kinds, 
cannot be provided near at hand for the whole 
student population, then neither the expansion of an 

isting university nor the establishment of a new 
one should be allowed (Memorandum to the Univer- 
sity Grants Committee on the Expansion of Univer- 
sity Education, 1960-1970. Pp. 12. London: 
National Union of Students of England, Wales, and 
Northern Ire'and, 1960). Insufficient attention has 
been paid to this problem in the past, with con- 


sequent harmful effects on the undergraduate, as a 
person and as a student, and upon the community of 
which he is a member. 

While there is a variety of different types of 
accommodation which fulfil the needs of students, 
great benefit is derived from time spent in residence. 
Ideally, balls of residence should be composed of 
comparatively small units of ten to fifteen rooms, 
each providing a small kitchen and a discussion room. 
The units are often well arranged on staircases with 
small groups of rooms on each floor. There might be 
three such units on each of three or four sides of a 
small court, so that each block provided accom- 
modation for some 150 students. There is, however, a 
considerable range of ways in which good residential 
accommodation can be provided; the student flate 
at King’s College, Newcastle, and the Studentenhaus 
at West Berlm University are examples of such 
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variations. There is considerable scope for experiment 
in this field. 

When planning residential accommodation, the 
architect should consult fully with the university 
authorities and with student representatives to ensure 
that the most economic as well as the most effective 
lay-out is obtained, encouraging the corporate spirit 
of the university as well as facilities for private study 
and relaxation of the individual student. 

Since the provision of enough residential places is 
economically unattainable in the near future, the 
Union emphasizes that not all forms of lodging are 
necessarily suitable for students, who need a quiet 
room for study, flexible hours and a sympathetic 
atmosphere. Lodgings that may suit some purposes 
can be quite unfitted for study. In a small town such 
as Aberystwyth, where the university dominates the 
life of the community, students often find that 
landladies come to understand their needs and take a 
real interest in providing the right environment for 
study. If the university atmosphere and community 
is to develop, all accommodation should be in close 
proximity to the university centre. 

Another important factor is the academic and 
administrative structure of the university. Apart from 
the fact that this can determine the success or 
failure of its development as a community, it will 
have repercussions on the breaking down of faculty or 
departmental inter-relationships, which is already 
taking place through increased specialization ; it will 
also affect the balance of Faculties and of under- 
graduate/postgraduate ratios. The structure most 
corducive to a fully integrated university education 
is the collegiate structure as will be developed at 
Bristol. In the expansion of existing universities it 
may well be desirable to avoid the piecemeal addition 
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of extra sections to the present structure, but rather 
to change to the collegiate pattern. 

All the major buildings of the university—halls, 
union building, laboratories, libraries, lecture theatres 
and refectories should be grouped together on 
one gite. It would be valuable if a few small 
buildings in the various towns selected as new 
university sites could be leased to the university for 
uge ag, say, libraries for the smaller Faculties, and as 
staff houses where some tutorials could be given ; 
arrangements might also be made for the designation 
of a university church within the town. Such 
facilities should not be allowed to detract from the 
creation of @ single university unit. 

There should be some degree of specialization in 
each university in selected areas of study. Such 
specialization could build up a reputation, encourage 
research, ay application problems, attract 
interested staff, and might also prevent duplication 
of capital costs on research equipment. Development 
should be considered in relation to the paramount 
need to operate a proper tutorial 

The major need of students is adequate provision 
for the development of an active student community. 
There should be a Students’ Union building, providing 
a meeting place and a centre of student life, which 
should, where possible, be a separate building. 

Where new laboratories are being erected, these 
should be designed in conformity with good Mfety 
regulations. It is also hoped that the need for an 
adequate and well-equipped clinic is generally 
recognized. These are already provided in many 
universities, and will be essential in new universities 
where the treatment of physical or mental illness 
should not be left to the care of local doctors who 
might not be readily accessible. 


SENSORY SPECIALIZATION IN RESPONSE TO ENVIRONMENTAL DEMANDS 


HE third of a series of Zoological Society of 

London symposia was held on March 4 under the 
title “Sensory Specialization in Response to Environ- 
mental Demands’. It was organized by Prof. O. 
Lowenstein, and the meeting was held under the 
chairmanship of Prof. R. J. Pumphrey. 

In his introductory remarks, Prof. Lowenstein 
directed attention to the somewhat Lamarckian ring 
of the title ; but he envisaged that none of the topics 
under discussion would make it necessary or desirable 
to infringe neo-Darwinian orthodoxy. Outlining the 
rationale of the programme, he went on to point out 
that two different types of adaptive specialization 
could usefully be surveyed in this context. The first 
may affect the whole range of sensory modalities as a 
means of adapting an animal to a successful mtegra- 
tion into a sub-soeial or social organization. This type 
is found, for example, in locusts and to a more extreme 
degree in the social Hymenoptera. The second type 
of sensory specialization may be confined to one 
sengo organ only, the oye in nocturnal, deep sea, or 
cave animals, or the ear in animals like bats and 
cetaceans which find their way about by means of 
sonar. 

A comparative analysis of sensitivity limits may 
also reveal instances of adaptation to special environ- 
mental circumstances. The sensitivity limits of 
photo-receptors may serve to illustrate this point. 


In a paper on the sensory equipment of the 
migratory locust, Dr. P. T. Haskell (Anti-Looust 
Research Centre, London) showed that special sensory 
adaptations are related to the control of steady and 
stable flight of the swarming msect and to the main- 
tenance of cohesion between locusts in the swarm. 
‘Dorsal-light’ reaction of the compound eye and 
proprioceptive feed-back from receptors on the 
cervical hair plates control anti-roll stabilization, 
whereas antl-yawing responses are elicited by cephalic 
hair sensilla. Preferred inter-locust distance in the 
swarm is maintained by an equilibrium between 
visual attraction and repulsion in response to auditory 
and other mechanical stimuli. 

Fully social organization as shown by the social 
Hymenoptera involves a number of instances of 
extrame sensory specialization in the various castes 
of ants and bees. Dr. H. Kalmus (Galton Laboratory, 
University College, London) described some new 
results concerning colour vision and odour dis- 
crimination in the honey bee. Whereas scent is an 
important item of information in bee-to-bee com- 
munication, symbols for colour are very likely 
missing from the ‘vocabulary’ of the social insects. 
A discussion of the mechanism of analysis of the 
plane of polarized light wae illustrated by an 
electron-micrograph of an insect ommatidrum. Dr, 
Kalmus suggested that the chief sensory adapta. 


No. 4726 May 28, 1960° 


‘tion in the social Hymenoptera consists of a 
co-adaptation of pre-existing sensory mechanisms 
with patterns of motor activity into systems of 
communication. 

In a paper on the sensitivity limits of photo- 
receptors, Dr. F. H. C. Marriott (Department of 
Physiology, Oxford) streased the necessity of pre- 
senting measurements of spectral and absolute 
threshold sensitivity in such a form that they can be 
compared throughout the animal kingdom. Such 
meesurements made on five species, namely, man, 
cat, owl, the amphibian Xenopus, and the flatworm 
Dendrocoelum, were discussed and compared with 
special reference to the differences in the visual 
sensory structures. 

Dealing with the problems of the sensory aspects 
of adaptation in cave animals, Dr. G. Thines 
(Laboratory of Experimental Psychology, University 
of Louvain) gave a paper on sensory degeneration 
and survival in cave fishes. After a critical discussion 
of the general idea of evolutionary ‘progress’, Dr. 
Thines defined regressive changes as a gradual 
reduction of independence leading to the ‘abnormal’ 
character of regreasive faunas such as cave fishes. 
The survival value of regressive changes in photo- 
receptors in cave fishes was then assessed and this 
led to the introduction of the hypotheses of ‘reman- 
ence’ and ‘vicariance’ with regard to the significance 
of the continuation in eyeless cave fishes of the 
pre-existing epigean photokinetic functions and of 
the supplanting of the functionally insufficient eye by 
the pineal . Dr. Thines then showed a short 
film on the blind fishes of Somaliland. 

The design of fish and cephalopod eyes in relation 
to their environment was discussed by Dr. E. J. 
Denton (Marine Biological Laboratory, Plymouth). 
The density, the refractive medium, absorption and 
scattering of light by the medium all have their effect 
on the morphology and functional characteristics of 
the eyes of marine animals. At greater depth and at 
night the light emitted by luminescent animals may 
be more important than the light coming from the 
sky. Light will only be ‘useful’ for vision if it can be 
absorbed by photosensitive pigments. Pigments then 
play an important part in the adaptive specialization 
of eyes. The elongation of the rods of the deep-sea 
fish retina, although raising sensitivity, could have 
an adverse offect on visual acuity were it not for 
the existence in these elongated rods of marked 
channelling of light along the rod. Pigment migration 
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between rods also diminishes the blurring effect of 
lateral spread of light. 

The symposium ended with an account by Prof. 
F. P. Mohres (Department of Comparative Physio- 
logy, University of Tubingen) on sonic orientation of 
bats and other animals. Prof. Mohres recounted how, 
during the Second World War, Spallanzani’s classical 
observation of orientation of bats in the dark found 
its explanation in the simultaneous discovery of ultra- 
sonic echo-location in the vespertilionid bats by 
Griffin, Pierce and Galambos in the United States, by 
Dijkgraaf in Holland and by himself in Germany, all 
of them confirming a hypothesis advanced by Hart- 
ridge in 1922. In vespertilionid bats short volleys of 
ultrasonic pulses of a broad and irregular frequency 
spectrum are utilized in a system of time difference 
estimation in which the time difference between the 
emitted signal and its returning echo is a measure of 
the distance of the reflecting object, and the time 
difference between the arrival of the echo at the two 
ears serves a8 a measure of direction. A completely 
different sonar mechanism of orientation was, “~how- 
ever, discovered by Prof. Mohres to exist in the 
horse-shoee bats (Rhinolophids). While flying, the 
horse-shoe bats keep their mouths closed and the 
horse-shoe points in the direction of flight, or m 
stationary animals into the direction of ‘interest’. 
Ultrasonic sound, consisting of prolonged cries without 
frequency or amplitude modulation, is emitted 
through the nostrils and cast about in a beam ‘focused’ 
by the horse-shoe. In Rhinolophids the essential 
feature of ultragonic orientation is thus, according to 
Prof. Méhres, not a time difference but an intensity- 
difference estimation. The animals are thus believed 
to assess the sound intensity of their orientation 
cries reflected by objects in their environment in turn- 
ing their ears point to point through the range of space 
under scrutiny. Rendermg the ears immobile abolishes 
successful orientation. It must be mentioned here, 
however, that certain aspects of the modus operandt 
of sonar as summarized by Prof. Mohres are meeting 
with adverse criticiam from a number of quarters. 

Finally, Prof. Mdhres described how a search for 
mechanisms intermediate between the vespertilionid 
and the rhinolophid extremes led to the discovery of 
intermediate situations in the Hipposideridae and the 
Megachiroptera (fruit bats). However, no conclusive 
phylogenetic picture emerged, and the origin and 
ways of the evolutionary lines remain hidden in the 
darkness of the past. O. LOWENSTEIN 


ASPECTS OF OROGENS 


HE Geologische Vereinigung held its fiftieth 

anniversary meeting under the presidency of 
Prof. G. Fischer in Wurzburg during March 12-14. 
The theme for discussion was the Orogen, the mobile 
belts or those parts of the Earth’s crust in which 
mountain chains are formed. The process of orogeny 
can best be considered in respect of time; a time 
when the materials accumulate and become compacted 
to form the building materials for the mountains ; 
a time when these rooks are disturbed by forces usually 
regarded as being produced by shrinking of the 
Earth’s surface; and a time when magmas from 
deeper horizons within or below the crust break 
through and pierce the strate whether quiet or 


crumpled and broken. Part of the magmatic activity 
consists of the release and movement of reagents 
which metamorphose the sediments. Then comes a 
final act in which vertical movements are consider- 
able, helping to account for the present stature of the 
mountains and them wild or orderly scenery by 
exposing the various structures to erosion. 

There is also a space relationship. The orogens are 
restricted to comparatively narrow belts in which 
mountain building takes place. The arrangement 
of the mountains within these belts is not simple or 
regular. One reason for this is that earlier chains 
may have stood slong or across the line followed later 
by younger mountains, and their presence, or that of 
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broken fragments of these old ranges, interferes with 
the growth and orientation of the later ones. The 
structures themselves may be divided into those 
formed under comparatively little cover and therefore 
at low pressure, and others which have formed deep 
in the crust under high pressure. The former are 
more often well exposed in present-day mountains, 
but the latter are seen only where erosion has been 
unusually deep. The former have often escaped 
intrusion, but the latter have suffered magmatic 
injections and are in part complicated by metamor- 
phism. 

The forces at work within the orogen also vary. 
Opinions diverge as to what initiates the commence- 
ment of growth, and it is probable that tension played 
apart. Lateral compression undoubtedly was impor- 
tant during much of its life and resulted in the 
formation of the folds and associated thrust-faulted 
structures. At & late stage, however, tension again 
developed and allowed normal faults to form accom- 
panied by floods of Java or the great sheets of tuff or 
volcanic ashes. 

Most of the papers delivered during the meeting 
by some 35 speakers were orthodox enough, but ono 
by Dr. L. Egyed (Budapest) seemed more than a 
little heretical to some in the audience. He suggested 
that below the layers of ultrabasic rocks reputed to 
underlie the sima, there exists less-basic material ; 
magma containing water and other light fugitive 
constituents which are absent from peridotites. Such 
ideas appear to be in accord with Dr. Egyed’s pub- 
lished views that the Earth is an expanding body, 
not the contracting one, described, for example, by 
the late G. M. Lees, which is how many other geologists 
would have it. 

In the opening paper Dr. R. Trumpy (Zurich) 
remarked that no scheme of mountain building as yet 
worked out can be applied generally. Each orogen 
has to be treated as an individual. As well as the 
disturbing influence exerted by fragments of earlier 
mountain-chains the type of sediments involved 
played an important part in determining the shape of 
the resulting structures. For example, the thick 
column made up of alternating thin beds of muds 
and sands, characteristic of eugeosynclines, fold in a 
totally different style from that found where the strata 
are mainly thick bodies of limestone and sandstone 
such as accumulate in miogeosynclines. Examples to 
illustrate his opinions were chosen from the western 
Alps which, although well known, are complicated and 
are by no means typical of structures in some other 
orogens. Dr. E. K. Walton (Edinburgh) described 
the eugeosyneclinal region of the Scottish Southern 
Uplands where the Ordovician and Silurian strata 
are now regarded as being thicker than was previously 
estimated and as including higher stages in the 
Silurian than those hitherto recognized there. Broader 
asymmetrical folds with steep thick flanks and dis- 
turbed by large strike faults are commoner structures 
than the groups of innumerable isoclinal folds 
depicted in the classical sections by Peach and 
Horne. 

The spilites of the Lahn-—Dill region discussed by 
Dr. H. Hentschel (Wiesbaden) contain albite, chlorite, 
quartz and calcite instead of the normal minerals of 
a basaltic suite, plagioclase, pyroxene and olivine. 
The possibility that sea water entangled among the 
geosynclinal sediments reacted with basaltic intru- 
sions is considered as probable. 

The veteran Dr. P. Eskola (Helsinki) referred to 
juvenile granites produced by intrusive magmas 
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formed from components from within the Earth 
which have diffused outwards. These he contrasted 
with secondary granites derived from re-working 
of metasomatized sediments or migmatites. These 
may appear as disharmonio stocks even in epeiro- 
genio regions. The presence of an aureole of 
contact metamorphism serves to demonstrate cases 
in which & hotter intrusion pierced a colder environ- 
ment. 

Because the bodies of sial and sima extend laterally 
as sheets which are nearly horizontal it is easier to 
imagine the movement of material along rather than 
across them, but where they are in an unusual rela- 
tionship, such as occurs near the edge of an orogen 
where it touches the margm of an ocean basin, 
transverse movement of magma should be easier. 
Dr. P. Michot (Liège) directed attention to the 
importance of such marginal intrusions and suggested 
that they may originate at depth in the katazone. 
Now that methods have been devised enabling 
rapid analyses to be made, Dr. K. R. Mehnert 
(Berlin) considered that a new and important research 
tool is available which may be applied to the study 
of the distribution of alkalis throughout the body of 
an orogen. Dr. H. Borchert (Clausthal) also spoke 
of geochemistry, referring to the association of the 
copper, zinc, lead and barium ores on one hand 
and chromium, nickel and titanium ores on the other. 

The complicated structures of the Central Pyraneés, 
involving the interpretation of areas with slaty 
cleavage and of orientation patterns assumed by 
newly formed metamorphic minerals, were described 
by Dr. H. J. Zwart (Leyden). Dr. E. Bederke 
(Gottingen) considered the relationship between stress 
and regional metamorphic effects. He cited examples 
from the Sudeten hills and western Alps in which 
active phases of disturbance were separated by long 
intervals of quiet. The late history of the orogen was 
the theme of Dr. A. J. Pannekoek’s (Leyden) dis- 
course. Folding, faulting and differential vertical 
movements contribute to the present morphology. 
Theories of mountain building should be eapable of 
explaining the late movements as well as other early 
ones. The association between late movements and 
post-orogenic vulcanism suggests the intervention 
of a magmatic process. The breaking down of a 
basin like the Mediterranean with excess gravity may 
be connected with the uplift of neighbouring hills 
and be independent of the structure of the orogen. 

Dr. A. Winkler von Hermaden (Graz) described. 
examples of structures from the western Alps and 
Croatia, while others chose examples from central 
Asia, central Africa, the Carpathians, the Balkans, 
the east Alpine zone and the Ligurian Alps with part 
of the neighbouring northern Apennines. The object 
of four other papers was to make use of features seen 
in Central and South America to show that structures 
there run nearly parallel to the present coast; that 
there has been deposition and folding along an old 
mass lying to the east; that breaking down accom- 
panied by intense vulcanism and intrusion has 
produced a graben-like feature a little inland from 
the coast; and that large uplifts have taken place 
rather recently. The frequent earthquakes both out 
at sea and up to 100 miles inland are taken to indicate 
that the region is still tectonically active. 

ing the session the Steinmann Medal was 
awarded to Prof. H. H. Read. The text of the con- 
tributions made by the several speakers is expected 
to appear in the next volume of the Geologische 
Rundshau. J. V. Harrison 
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INDIAN INSTITUTE OF SCIENCE, BANGALORE 


GOLDEN JUBILEE SYMPOSIA 


S a part of scientific activities during the Golden 
Jubilee Year (1959-60) of the Indian Institute 
of Science, Bangalore, which was inaugurated m 
February 1959, the Department of Chemical Tech- 
nology and Chemical Engineering arranged symposia 
on “Hydrocarbon Synthesis and Hydrocarbon Con- 
version,’ and on “‘Mass Transfer” during January 11l- 
13, 1960. The technical session commenced with an 
address by Prof. W. Groth, director of the Physical 
Chemistry Research Institute, University of Bonn, 
who discussed new developments in the field of 
emission mass spectroscopy. A number of original 
papers covering different aspects of the two subjects 
of the symposia were also read and discussed. Papers 
were presented by scientists from the United 
States, the United Kingdom, Germany and Italy, 
as well as from many Indian universities and institu- 
tions, 

In the session on hydrocarbon synthesis a paper on 
the “Performance of Iron Catalysts and the Pro- 
nfoter Action of Alumina and Platinized Asbestos at 
Atmospheric Pressure’ was presented in which the 
authors indicated that alumina behaved as a struc- 
tural promoter and increased the polymerization 
activity and hydrocracking, whereas platinized 
asbestos improved the overall activity and hydrogen 
consumption, keeping the formation of gaseous hydro- 
carbons low. Papers on “‘Fischer—Tropsch Synthesis 
in Fluidized Bed” using an Fe-Cu-MgO-K.,0 catalyst 
and ,the ‘“Rheinpreussen—Koppers Liquid-phase Pro- 
cess’ were also read. In the former method the 
performance compared favourably with the already 
established units. In the latter ess the authors 
reported considerable selectivity for O, hydrocarbons 
and versatility to suit the market requirements. A 
probable mechanism of Fischer-Tropsch synthesis 
based on intermediate reactions of the carbonyl and 
ox0-complex types was reported and discussed. The 
possibility of producing gas from methane-rich low- 
temperature carbonization gas using a nickel catalyst 
with a high conversion (92 per cent) at a temperature 
of 900° C. was reported. The paper on “Rectisol 
Process for Gag Ultra-purification under Elevated 
Pressure” indicated the advantage of simplicity of 
operation, in a single unit. 

Concerning hydrocarbon, conversion, reformation 
by hydrogenation, cracking, etc., a number of inter- 
esting papers were presented. The medium pressure 
hydrogenation of coal-tar distillate with a desulphur- 
ization catalyst was reported to have resulted in 
the formation of a refined product which could be 
used as @ starting material for the chemical industry 
or as motor fuel. Tho results of cracking of high 
boling fractions from Nahorkatiye crude oil over a 
silica-alumina catalyst showed yields of high per- 
centage of middle distillates. The use of the same 
catalyst promoted by calcium oxide for the production 
of lubricating and diesel oils from paraffin wax from 
Assam crude oil was also reported. The gasification 
of hydrocarbon oils for conversion into gases of high 
B.T.U. by cracking over various contact beds, including 
activated coke and in an atmosphere of carbon 
dioxide, indicated the possibility of developing a 


single-stage continuous process for preparing gas of 
uniform composition and for meeting standard 
requirements. One paper dealt with the structural 
features of reactants on the basis of which pre- 
dictions could be made regarding the reactivity and 
nature of products obtainable in the alkylation of 
olefins with paraffins and alkylbenzenes under pres- 
sure. There were three papers dealing with oxo- 
reactions. In one paper, the author reported the 
synthesis of propionaldehyde, propionic acid and 
methyl and ethyl propionate by the oxonation of 
ethylene. The other two papers dealt with the 
thermodynamics of oxonation of butenes, preferential 
oxonation, etc. 

In the session on mass transfer a number of 
interesting papers were presented, some of them 
dealing with isotope separation. The separation pro- 
cesses based on ion-exchange methods with special 
reference to band displacement and elution principles, 
including elution chromatography, were reviewed and 
their application to separation of low- and high-masg 
numbers up to calcium was discussed. The processes 
for production of carbon-13, nitrogen-15 and oxygen- 
18 were also surveyed. The derivation of a relation- 
ship for the calculation of transfer columns for 
heavy-water enrichment plants, and the comparison 
of the theoretical and experimental values obtained 
in case of Bitterns water were discussed. A simplified 
and experimental modification of the temperature- 
float method, as developed recently, was described 
and discussed with reference to such factors as float 
design, horizontal and vertical temperature gradiente 
in the float chamber, eto., for isotopic analysis of 
heavy water. Based on experimental data, the 
possibility of co-current distillation in a gas stream 
for the enrichment of heavy water was indicated. 
The theory of seperation potential of thermally 
controlled gas centrifuges, and some experimental 
results obtained from centrifuge models ZG3 and 
ZG@5 for separation of argon, xenon and krypton 
isotopes were presented. 

A method of determining the mass transfer rates 
by means of a single particle placed in a bed of 
similar-sized inert particles by radioactive tracer 
technique and the application of the same in the 
case of ion-exchange processes was described. The ° 
results obtained in the steam-stripping of carbon 
dioxide from sodium carbonate—bicarbonate solution 
in perforated plate columns indicated that the liquid 
hold-up in the column is chiefly a function of the rate 
of flow of the liquid, which itself is dependent on the 
decomposition of the sodium bicarbonate during the 
process. The studies on the mechanism of mass 
transfer in naphthalene-packed beds indicated that the 
values of diffusivity coefficients differed from those 
obtained by other investigators. This was attributed 
to some other mechanism such as surface resistance, 
the diffusion of solute molecules, ete., besides the 
molecular diffusion in the surrounding gaseous film. 
A generalized correlation of operating hold-up in 
packed columns, which gave a value within 5 per cent 
of the observed values in most cases, was discussed. 
A method has been proposed for the design of a 
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fixed-bed catalytic reactor for vapour-phase reactions 
based on the reaction-rate constant and the overall 
hest-transfer coefficient, and on the assumption that 
there is no radial temperature variation. Dixon-ring 
packings prepared locally were reported to be highly 
efficient in laboratory fractionating columns. An 
empirical equation based on experimental resulte 
obtamed with a Northrup and Anson diaphragm cell 
for calculating diffusivity coefficients of organic acids 
in ethanol—water mixtures was proposed. 

A. re-cycling pressure-equilibrium still was described 
in one paper, and the results obtained for benzene— 
toluene and ethanol—benzene systems up to 200 
p.s.i.g. were discussed. 

In one paper attempts were made to explain the 
heat-transfer characteristics of stirred and gas- 
fluidized beds of particles on the basis of a theoretical 
model in which the rate of heat transfer from a 
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IGH intelligence is probably the most valuable of 
a community’s social and economic assets. From 
gifted individuals come the sources of creativity, of 
leadership and of progress at all levels—moral, 
artistic, scientific and political. On the other hand, 
the highly intelligent maladjusted or anti-social 
individual can be a greater threat to his fellows and 
to his society than his less able contemporaries. Thus, 
the best all-round education and training of the most 
able group of children and adolescents are essential 
aspects of the conservation and exploitation of our 
natural resources. To some extent, the Education 
_ Act of 1944 recognized this, crowning nearly half a 
century of attempts to give able children the right to a 
ing education in school, and later in university, 
irrespective of their social background. 

Dr. W. D. Wall, director of the National Foundation 
for Educational Research in England and Wales, has 
now examined the knowledge available as a basis 
for reviewing that part of our educational system 
and methods which deal with the pool of high 
ability (Educational Research, 2, No. 2; February 
1960). 

Genius in ite fullest sense is of immense importance 
to any society. As, however, itis very rare, and in any 
event so little is known, about the conditions which 
produce it, attention must be concentrated on the 
general pool of high intellectual ability from which 
will be recruited scientists, teachers, leaders in 
political and business life and the professions gen- 
erally. At present in the English educational system 
it is assumed that this pool is defined by the ability 
to profit from a grammar school type of curriculum 
in adolescence. Few of the outstandingly able 
children now fail to qualify for entry to grammar 
school. 

Our present allocation procedures, however, 
although generally more efficient than any other 
form of examination, can take no account of a number 
of factors which determine potential performance. 
Virtually a child’s education during adolescence and 
consequently his chances of higher education are 
ae by the result of five years in the primary 
school. 

Ability, however, as shown, in school learning and 
afterwards by vocational success or social contri- 
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heated surface in contact with a stirred bed is 
dependent on the rate of replacement of particles at 
the surface by particles of ‘average’ temperature 
from the bulk of the bed. The experimental results 
obtained m an apparatus in which circulation of 
particles was caused by stirring were found to agree 
with the model proposed. 

Some review papers dealing with the theory of 
air-drying of solids and its application for the design 
of industrial dryers, separation of hydrocarbons by 
chromatographic methods, the application of urea 
and thio-urea complex formation for separation in 
petroleum industry, the various petroleum-refinng 
processes with special reference to coking, thermal] 
crackng and catalytic crackmg, and the recovery of 
catalytically cracked feed stocks from petroleum 
residue by propane-decarbonizing were also read. 

R. L. Darra 


GIFTED CHILDREN 


bution, is only in part determined by strictly genetic 
factors. ‘Operational intelligence’ is an innate product 
of ability and the educational effects of tho environ- 
ment. The ability which psychologists see and atigmpt 
to measure in children and adolescents is the sum of 
inheritance, motivation and nurture. Marked lack of 
affectionate mothering will result in a lowering of 
ability, and emotional deprivation in infancy parti- 
cularly affects the development of verbal concepts 
and abilities. If this continues beyond a certain 
point, ite effects are irreversible. From the work of 
the Population Investigation Committee, which is 
following the growth of some 5,000 children born in 
1946, it seems to be indicated that the quality and 
level of parents’ interest in their children markedly 
affects not merely academic attainment but also the 
complet general ability measured by intelligence 
teats. There is, therefore, a proportion of children 
whose talents never show themselves to the full 
stead the environment sterves them in important 


eusal ability and talent well above the average 
may never declare themselves if nurture is lacking, or 
if emotional deprivation is marked. 

It is difficult to over-estimate the importance of 
& constructive education at home, and in the school, 
for able children if they are to realize their intelligence 
capabilities to the full. However, socially and 
personally something more than a merely reasonable 
state of emotional equilibrium is necessary. It is of 
fundamental importance that highly intelligent 
children, and adolescents should see their high 
endowment, not as æ source of egocentric and purely 
personal advancement, but as a trust which increases 
their responsibilities towards others. It is doubtful 
whether the present stress on inter-personal com- 
petition which marks some facets of our educational 
system is fully desirable; and whether sufficient 
demands are made upon our sablest ten per cent of 
pupils. 

The notion is still current that genius is mal- 
adjusted emotionally, often feeble physically, and 
that poets, in particular, tend to die young. Similarly, 
the popular picture of the highly intelligent child 
presents him as puny and bespectacled, as precocious 
in language interests as he is retarded in his emotional 
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development, liable to over-fatigue and difficult to 
get on with. There is little truth in these stereotypes. 
The able child tends to be superior to the average ın 
every way: there is no law of compensation which 
offsets high intelhgence by inferiorities in non- 
intellectual fields. The degree of superiority to the 
average is not the same in all fields and 1s greatost in 
those most closely related to intelligence, that is, 
originality, intellectual interests and achievement test 
results. Terman’s extensive investigations showed 
that ‘‘contrary to the theory that great achievement is 
usually associated with emotional tensions which 
border on the abnormal, in our gifted group superior 
success is associated with stability rather than 
instability, with absence rather than presence of 
disturbing conflicts—in short, with well-balanced 
temperament and freedom from excessive frus- 
trations”. 

The majority of intelligent children, and particularly 
the highly intelligent, tend to have interests well in 
advance of their physical age. Precociously concerned 
with such things as matters of origin, destiny and evil 
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in the abstract, immature in experience but mature 
in logic, they rouse the anxiety, antagonism and 
joslousy of adults. They easily become negatively 
suggestible, and the logical conduct of adults may 
lead to rebellion or to a gathering cynicism. 

The difficulties of very able children are most 
likely to be marked within the middle years during 
the junior school period, and lessen as age mcreases 
the range of social movement, allowing them to seek 
companions of their own kind and as mastery of 
educational skills allows them to seek and find the 
intellectual challenge they need. Our system of 
progressive selection by academic attainment, though 
it has many defects, makes it more likely that the 
able child, even in the primary school, and certamly 
at the secondary and subsequent stages, will meet his 
equal and find stimulation. This does not mean that 
the problem of how the most able one, five or ten per 
cent of children, should be educated has been solved. 
This is a matter which is occupying the attention of 
educators in the United States as woll as in Great 
Britain and Europe. 


THERMODYNAMICS AND KINETICS OF SPONTANEOUS 
GENERATION 


ie the current enthusiasm to put forward theories 
that provide a milieu rich in organic compounds 
for the spontancous generation of life, little attention 
has been given to the quantitative aspect of the 
problem. One might estimate the rates of reactions 
producing such compounds, on one hand, from per- 
tinent kinetic data; or one might use thermo- 
dynamics as & guide to the quantities of compounds 
e particularly in view of the long times 
available for approach to equilibrium. In a recent 
paper!, however, Miller and Urey apply thermo- 
dynamic formule only to the equilibrium «concen- 
trations of inorganic raw materials in the primitive 
atmosphero ; but they do not apply thermodynamics 
to the synthesis of organic compounds. 

It seemed interesting to me to calculate the equi- 
librium concentrations of some amimo-acids under 
the conditions postulated by Muller and Urey. For 
example, the first compound listed in ther Table 2, 
glycine, is formed from the starting compounds by a 
reaction that may be written : 


2 CH, + NH, + 2H,0 = NH,CH,COOH + 5H, 


with an equilibrium constant of 2 x 100°, Bub- 
stituting the partial pressures assumed by Miller and 
Urey (and takmg pyr, as 0:04 atm.), the aqueous 
concentration of glycine is 10-9? mole/l. Similar 
calculations for more complex amino-acids yield 
smaller concentrations. 

Now, of course, it is possible that, in an energy- 
rich medium, steady-rate concentrations can be 
maintained far from equilibrium. In such case the 
expected concentrations depend on the available 
mechanisms for synthesis and decomposition. Ultra- 
violet light is the most important source of energy 
to consider, bemg hundreds to thousands of times 
more abundant than electrical discharges or ionizing 
radiation. The atmosphere postulated is transparent 
to ultra-violet down to 2250 A. 

A glycine molecule formed in such an atmosphere 
is immediately vulnerable to radiation up to 3000 Å., 


absorbing in a part of the solar spectrum far more 
intense than that which produced it. Decarboxylation 
of activated glycine would presumably occur with a 
quantum efficiency of the order of unity. Thus, any 
glycine formed would be rapidly decomposed. Its 
absorption coefficient, about 0-15 em.-!-(moles/l.)-' 
at 2500 A., and the intensity of ultra-violet below 
3000 Å., about 0-01 cal./om.?/min., or 10% quanta/ . 
om.*/sec., give it a half-life of about 30 deys. This 
is much shorter than the half-time of transport from 
the stratosphere to the surface, now estimated from 
fall-out data as three years. Thus, 97 per cent of the 
glycine would be decomposed before it could reach 
the surface. 

Miller and Urey hope to save the synthesized 
products by removing them from the reaction zone 
in the atmosphere to the ocean. But even after the 
glycine reaches the ocean, the victory is not won. 
Abelson? has discussed the possible stability of 
simple amino-acids throughout geological time ; the 
important effect, however, is not thermal, but decom- 
position by ultra-violet radiation. The ultra-violet 
reaching the surface would penetrate to a consider- 
able depth. To-day’s sea water transmits 10 per cent 
of light of wave-length 2600 A. to a depth of 6 in., 
and fresh water, which may be more nearly com- 
parable to the primitive ocean, to as much as 3 ft. 
(ref. 3). In the mixed layer above the pycnocline, 
about 100 metres deep, glycine would have s half-life 
to ultra-violet destruction of about twenty years. 
Even assuming it to be mixed to the bottom of the 
ocean, with an average depth of 4 km., the half-life is 
only 1,000 years. These short lives for decomposition 
in the atmosphere or ocean clearly preclude the poss- 
ibility of accumulating useful concentrations of 
organic compounds over eons of time. 

The limiting concentrations to be hoped for can be 
estimated from the steady state between production 
and decomposition. The rate of formation of glycine 
by ultra-violet irradiation (1165~1470 A.) from a 
mixture of methane, ammonia and water vapour may 
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be estimated from the reported work of Groth and 
von Weyssenhoff*. They were barely able to identify 
glycine and alanine in the product after exposure to 
10% quanta. On the assumption that they could 
detect 0-1 ugm. of glycine, this gives a quantum yield 
of 10-*. The flux of solar ultra-violet radiation below 
1500 A. is given as 3-5 cal.jem.*}yr., which cor- 
responds to 3 x 10) quante/em.*/sec. Thus, glycine 
would be formed at a rate of 3 x 105 molecules/ 
em.*/sec. During the average life-time in the atmo- 
sphere this could build up to 10" molecules/om.*, or 
æ partial pressure of about 10-1 atm. Allowing for 
3 per cent to reach the ocean and the 1,000-year life 
there, the maximum concentration in the sea would 
be 10-4 molar. 

This concentration is far from equilibrium. The 
actual concentrations realized would probably he 
between the thermodynamic and the kinetic estimates, 
that is, between 10-37 and 10-12 molar; but even the 
highest admissible value seems hopelessly low as 
starting material for the spontaneous generation of 
hfe. 

Consideration of other sources of energy, although 
they are very much weaker than the ultra-violet 
radiation, leads to simular conclusions. Thus, ion- 
izing radiation may form complex products from 
simple reactants, but the more complex and highly 
organized compounds are more vulnerable to the 
same agent than their simple precursors. G-values of 
the order of unity are found for the decomposition of 
proteins by radiation’; whereas the formation of 
protein. by radiation has not been observed. 

The conclusion from these arguments presents the 
most serious obstacle, if indeed ıb is not fatal, to the 
theory of spontaneous generation. First, thermo- 
dynamic calculations predict vanishingly small con- 
centrations of even the simplest organic compounds. 
Secondly, the reactions that are invoked to synthesize 
such compounds are seen to be much more effective 
in decomposing them. 

Further, it must be remembered that both lines of 
argument become quantitatively of an overwhelm- 
ingly greater magnitude when organic compounds 
other than the very simplest are considered. From 
thermodynamics, the equilibrium concentration of 
glucose is 10-1 at unit activities of the component 
reactants. The values for the simplest proteins must 
be unimaginably small. Also, in agreement with the 
thermodynamic prediction, the kinetic steady-state 
concentration falls rapidly with increasing complexity 
of organic compounds, because (1) the quantum 
yield for their formation decreases ; (2) at the same 
time ther stability against thermal decomposition 
decreases; and (3) their opacity to ultra-violet 
radiation and decomposition by this means increases. 
The physical chemist, guided by the proved prin- 
ciples of chemical thermodynamics and kinetics, 
cannot offer any encouragement to the biochemist, 
who needs an ocean full of organic compounds to 
form even. lifeless coacervates. 

These estimates are not in conflict with the experi- 
mental results of Miller and others who have syn- 
thesized organic compounds with electrical discharges 
or ultra-violet light in the laboratory. They have 
merely used the well-known principle of increasing 
the yield of a reaction by selectively removing the 
product from the reacting mixture. But the fact 
that a chemist can carry out an organic synthesis in 
the laboratory does not prove that the same syn- 
thesis will occur in the atmosphere or open sea without 
the chemist. The second law of thermodynamics 
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applies not only to inorganic gases in the atmosphere, 
but also to organic compounds ın the ocean. Living 
cella may reverse the process, but in the absence of 
lifo, “die Entropie der Welt strebt einem Maximum 


2? 


zu”. 
D. E. HULL 
Calıfornia Research Corporation, 
Richmond, 
Cal. 
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Dr. HULL’S analysis of the production and stability 
of simple organic molecules in e lifeless Earth is a 
valuable contribution to the discussion on biopoesis. 
By introducing a quantitative discussion he has 
effectively narrowed down the range of possibilities 
and thus presented a much more definite problem to 
be solved. Others are far more competent to discuss 
the thermodynamic aspects of this communica- 
tion, and I would rather question the conclusions 
that Dr. Hull draws from his arguments. 

Even if we accept that small organic molecules, a 
Jortiori larger organic molecules, are likely to exist in 
an atmosphere and open ocean only in very small 
equilibrium concentrations, 1t does not necesgarialy 
follow that the way of photosynthesis for the origm 
of even more complex compounds, or of hfe itself, is 
effectively barred. The fact that Miller and others 
have produced such compounds by radiation 18, a8 
Dr. Hull quite rightly pomts out, because these 
products are selectively removed from their zone of 
formation. It would seem to follow that if complex 
organic molecules were ever produced on a4 lifeless 
Earth, something similar must have occurred there. 
There must have been a process which removed a 
certain proportion of these molecules from their zone 
of reaction. Further, the same or another process 
must have concentratod them to the extent where 
they could enter into still more complex roactions. 
Such reactions did not necessarily require further 
energy sources to promote them. In other words, the 
original concept of the primitive soup must be 
rejected only in so far as it applies to oceans or large 
volumes of water, and interest must be transferred 
to reactions in more limited zones. 

Even in the inorganic world, minerals are produced 
which involve very large degrees of concentration of 
rare elements, in fact, unless two atoms resemble each 
other in nearly every particular, as rare earths do, 
then somewhere in the world a mineral will be found 
containing mainly that element, however rare. The 
processes for the concentration of organic molecules 
may well be similar and equally effective. I have at 
various times proposed such a mechanism of just 
such concentration and shielding organic molecules 
originally formed in an ocean. My first was that of 
the concentration of molecules directly from sea 
water in estuarine clays}. More recently I have 
realized? that there exists a much more powerful 
method of concentration of all molecules which have 
either surface activity or which tend to concentrate 
in the neighbourhood of water surfaces, that is, 
effectively all molecules containing alkyl groups. 
A. T. Wilson? has directed attention to the processes 
of the concentration of organic material derived from 
dead organisms, first on the surface of the ocean 
and then, through the action of the wind in foam or 
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spray, along the coasts, thus providing nutriment for 
benthie organisms. The same processes would cer- 
tainly have occurred in an abiotic sea in which any 
mineral hydrocarbons or their oxidized derivatives 
were to be found. The effectiveness of this process 
for concentrating tar will not be doubted by anyone 
visiting a beach in Britain to-day. The probability 
of the original presence of such hydrocarbons would 
be much strengthened if the ideas recently put 
forward by Mason‘ on the formation of meteorites 
containing hydrocarbons were accepted and extended 
to the outer layers of a primitive Earth. 

By such a two-stage process, a relatively very 
small bulk concentration of synthetic molecules can 
be turned into a large concentration in specified 
areas. Further, once involved in clay, which absorbs 
such molecules readily, they will be completely 
shielded from ultra-violet radiation. A further 
mechanism of concentration of the smaller groups, 
particularly those containing nitrogen, will be pro- 
vided by the presence of transition metal ions, 


NATURE 


695 


notably those of iron, which may also play & part m 
primitive photosynthesis, as N. W. Pirie has pointed 
out®. One way of verifying or negating these hypo- 
theses would be by extensive experimentation using 
large volumes of very dilute organic solutions and 
absorbing them on clay under controlled conditions. 
Until this is done, it is premature to accept any 
arguments, quantitative or qualitative, against tho 
spontaneous formation of organisms, indirectly if not 
directly, from the primitive ocean. 

J. D. BERNAL 
Birkbeck College, 

Malet Street, 
London, W.C.1. 


i Bernal, J. D., Proc. Phys. Soc., 58, 537 (1949); “The Ongin of Life 
on the Barth”, 88-53 (Pergamon Press, London, 1959). 

t Bernal, J. D., Proceedings of the First International Congress on 
Oceanography, New York, 1958 (in the press) 

3 Wilson, A. T., Nature, 183, 318 (1958); 184, 99 (1959). 

t Mason, B., Naturs, 186, 280 (1960). 

‘Pine, N W., “The Onga of Iafe on the Barth", 76-83 (Pergamon 
Presa, London, 1959). ' 


AN ASSOCIATION BETWEEN DENTAL CARIES AND CERTAIN 


By T. G. LUDWIG 
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SOIL CONDITIONS IN NEW ZEALAND 
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Soil Bureau, Department of SclentiAc and Industrial 
Research, New Zealand 


AND 


Captain F. L. LOSEE 


(Naval Medical Research Institute, Bethesda, Maryland) 
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N 1955 Hewat and Eastcott} reported’ that a 

relationship exists between prevalence of caries and 
certam soil conditions m New Zealand, and & general 
investigation is at present being conducted to de- 
termine the causal mechanisms responsible for this 
relationship. 

One phase of this investigation involves the study 
of the effect on prevalence of caries of recent saline 
soils at Napier, Hawke’s Bay. In 1931 the major 
Hawke’s Bay earthquake resulted in the uplifting of 
a land mass some 60 miles long and at least 10 miles 
wide to heights ranging up to 9 ft. The epicentre of 
the disturbance was situated in the vicinity of Napier, 
where the shore-line was elevated from 6 to 8 ft., this 
resulting in the draining of more than 5 square miles 
of the extensive lagoon adjacent to the city. The 
saline soils? thereby exposed have since been brought 
into production and ın comparatively recent years 
used for residential development. The preliminary 
results of our investigation in this area are presented 
in this report. 

ing 1954-55, dental examinations were under- 
taken of children resident throughout life in the 
adjacent cities of Hastings and Napier to establish a 
base-line whereby the effectiveness of the fluoridation 
of the Hastings water supply in reducing the pre- 
valence of caries could be evaluated*. The results of 
these examinations showed that Napier children aged 
5-8 years had a considerably lower caries experience 
than children of an equivalent age in Hastings, this 


difference bemg manifested in both permanent and 
deciduous dentitions. Napier children aged 6, 7 and 
8 years had, respectively 57, 46 and 21 per cent fewer 
permanent teeth with caries experience than Hastings 
children of the same age (Table 1); and Napier 
children aged 5, 6 and 7 years had, respectively, 20, 
14 and 6 per cent fewer deciduous teeth with caries 
experience. These differences in prevalence of caries 
were statistically significant at the 0:1 per cent 
level. 

This finding was unexpected in view of the apparent 
similarity of conditions m the two cities. Both have 
populations of approximately 20,000 and are situated 
in the eastern part of Hawke’s Bay, Napier being the 


Table 1. COMPARISON OF CARTES PRYVALHNOR RATES IN PERMANENT 
TENTH OF HASTINGS, NAPISE AND PALMERSTON NORTH OHILDREN IN 
1964-55 AND IN 1957 


Mean No. permanent teeth D.AMLE.* per child 





* D.ALF. = decayed, missing (extracted due to caries) or filled. 
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Table 2. TRAON ELEWANT LEVELS (P.P.M.)* IN EDIBLE PARTS OF VEGETABLES GROWN ON HASTINGS AND NAPIER SOILS 












Vegetable 












Beans Hastings 
” Napier 

Oabbage Hastings 
> Napler 

Potatoes Hastings 





Napier 


13 


20-23 
7 6-13 
14-24 
15-28 


1-7-2-1 
1-4-3 8 


* Results on oven dry basis. Zero levels mean that the element could not be detected by the method used. 


chief port of the province and Hastings lying 8 miles 
from the sea and about 12 miles from Napier. Rain- 

fall, hours of sunshine, socio-economic conditions, and 
racial composition of the populations are closely 
comparable. The reticulated water-supplies (normal 
fluoride content 0-15 p.p.m.) are drawn from the 
same artesian strata, and analyses have indicated that 
the normal mineral composition of the two supplies 
ig similar (Healy, W. B., unpublished results). The 
cities have a common milk supply. Analyses of urine 
samples from Napier children have indicated that 
their lower caries experience is unlikely to be related 
to the ingestion of fluoride from fish or some unsus- 
pected source, since the mean fluoride content of 
these samples was 0-15 p.p.m. (Malthus, R. 8., un- 
published results). 

Dental examinations of Hastings and Napier 
children were repeated in 1957, and it was found 
that fluoridation at Hastings over a period of about 
24 years had reduced caries prevalence among chil- 
dren to approximately the same level as at Napier. 
To provide an additional check on the low caries 
experience of Napier children, dental examinations 
were made of children resident in the city of Palmer- 
ston North, which lies 110 miles south-west of Napier 
on @ similar soil to that of Hastings. The results 
showed that, in 1957, Napier children up to the age 
of 10 years had a considerably lower caries experience 
than Palmerston North children of an equivalent age 
(Table 1), and that the relationship between caries 
prevalence in Napier and Palmerston North in 1957 
was closely comparable to that between Napier and 
Hastings in 1954. 

Both Hastings and Napier are situated on soils 
which are derived from similar alluvial materials. 
However, as a considerable area of soils in the 
vicinity of Napier has a recent marme history, this 
appears to be the most likely variable which may 
have influenced conditions between Napier and 
Hastings. To test this hypothesis, soil and vegetable 
samples were collected from five market gardens in 
the Napier area and from four in the Hastings 
ares. 

Analysis of the soils from the two areas shows 
httle difference in total content of some twenty 
elements as determined by the spectrograph. Differ- 
ences in soil properties such as exchangeable cations 
including magnesium and sodium, cation exchange 
capacity, carbon/nitrogen ratios, and available phos- 
phorus, were comparatively minor in nature and 
probably reflect management practices of individual 
market gardens. Very definite differences in pH and 
per cent calcium carbonate were found. Hastings 
soils had pH’s of 5-7, 6-0, 6-3, 6-7, while Napier soils 
had pH’s of 6-4, 7-5, 7-7, 7°8, 8:1. The three soils 
with pH’s above 7-5 contained shell fragments, and 
gave figures of 2-3 per cent for calcium carbonate. 

The vegetables selected were potatoes, carrots, 
silver beet, French beans, green peas, cauliflower, 


cabbage, lettuce and tomatoes, since there is evidence 
to show that these include those most commonly 
used in the New Zealand diet (Cadell, P., unpublished 
results). The edible portions showed no marked 
differences in major elements, but spectrographic 
analysis of the ash showed some notable differences 
in trace elements. In general, Napier vegetables were 
higher than Hastings vegetables in molybdenum, 
aluminium and titanium, and lower in copper, man- 
ganese, barium and strontium. Typical results are 
shown in Teble 2. 

Trace elements other than fluoride have been sug- 
gested as possible factors in human caries. A high 
urinary selenium content, which reflects intake, has 
been associated with a high caries prevalence in 
humans by Hadjimarkos‘. On the other hand, Ter 
Moulen’, Adler and Straub’, and Nagy and Polyik’ 
have associated high molybdenum-levels in soils or in 
drinking water with low prevalence of caries in humans, 
while Adler? and Kruger’ have developed a greater 
degree of caries resistance in rate by the adminis- 
tration of molybdenum during the period of mineral- 
ization of the rat molar. Stookey and Muhler’® have 
reported that molybdenum increased fluoride reten- 
tion inrats. Consequently, it is of considerable interest 
that our results showed that while molybdenum was 
detected in the ash of only one Hastings vegetable, 
it was present in that of the majority of Napier 
vegetables in amounts up to 9:5 p.p.m. The higher 
molybdenum content of Napier vegetables is attrib- 
uted to ite greater availability in Napier soils due in 
the main to higher pH. 

At present it seems possible that a higher intake 
of molybdenum may be the prime factor responsible 
for the lower prevalence of dental caries among 
Napier children. However, additional studies in- 
volving these children, and extension of the mvesti- 
gation to animal experimentation and analysis of 
vegetables from home gardens, will be necessary 
before definite findings can be established. 

A. full report of this work will be published else- 
where. 

The opinions expressed here sre those of the 
authors themselves and are not necessarily. those of 
the organizations represented. 


1 Hewat, R. B. Z and Eastcott, D. F. 
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*Taudwig, T, G., N.Z. Dent. J., 54, 165 (1968). 
Bar aaa D. AL, and Bonhorst, 0O. W., J. Pediatrtos, 62, 274 
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EFFECT OF OXYGEN ON THE INACTIVATION OF TRYPSIN 
BY IONIZING RADIATION 


By Pror. J. A. V. BUTLER, F.R.S., and Dr. A. B. ROBINS 


Chester Beatty Research Institute (institute of Cancer Research: Royal Cancer Hospital), 
Fulham Road, London, S.W.3 


CONSIDERABLE number of discordant obser- 

vations on the effect of oxygen on the sensitivity 
of enzymes to ionizing radiation is to be found in the 
hterature. A recent extensive study of the inactiva- 
tion of chymotrypsin! showed, somewhat unex- 
pectedly, but in agreement with observations by 
Miss L. K. Mee’, that in dilute aqueous solution the 
dose required to produce a given degree of inactiva- 
tion was greater in the presence than in the absence 
of oxygen. In view of this it seamed desirable to 
examine the effect of oxygen on the sensitiveness 
of the solid enzyme, and it was found that in this case, 
with 15-MeV. electrons, oxygen had little effect. 

In the case of a similar enzyme, trypsin, it has been 
reported? that with 2-MeV. electrons from a Van de 
Graaff generator, and with cobalt-60 y-rays, the sensi- 
tiveness of the enzymo in the sold state is enhanced 
by oxygen by about 30 per cent. It therefore became 
recessary to examine further the behaviour of trypsin, 
to discover whether or not it behaves differently 
from chymotrypsin m this respect. 

In the first place, experiments were carried out on 
dilute solutions, using techniques similar to those 
previously described!. Using 140-kV. X-rays, it was 
found that the degree of inactivation by a given dose 
was increased in vacuo by a factor of about 4 (Fig. 1). 
In the case of the solid enzyme, several series of 
experiments were performed, using different methods 
of preparing the solid phase. For accidental reasons, 
different sources of high-energy radiation had to 
be used in the various series. The results, of these 
experiments are shown in Fig. 2. The experimental 
conditions are as follows: 

(a) Trypsin films made by pumping off the water 
from & l per cent suspension of crystalline trypam, 
supplied by the Worthington Biochemical Co. After 
the initial stage of evaporation, the liquid froze 
and the remainmg water was pumped off. Irradia- 
tions were performed in either the 15-MeV. linear 
accelerator (300 rads per pulse of 1-3 x 10-* sec.) at 


Bemaining activity (per cent) 


10 20 30 


Dose (llo1ads) 


Wig. 1. Inactivation of trypsin in solution (0-028 per cent) by 140-kV. X-rays. 
O, : in vacuo 


? ¥ 





Remaining activity (per cent) 





- 10 
2 4 6 8 10 12 14 #16 18 20 
Dose (megarads) 
Fig. 2. Inactivation of sold trypsin by high-voltage electrons 
{conditions as in text). In oxygen: (a) A; (0) O; (©). In 
vacuo: (a) A; (0) @; (c) Mf 


St. Bartholomew’s Hospital Medical College, or the 
4-MeV. (3 rads per pulse of 1:5 x 10-* sec.) linear 
accelerator at the Mullard Research Laboratories, 
Salfords, Surrey. 

(b) Crystalline trypsin in the form of a fine powder, 
as supplied by Worthington Biochemical Co. Irradia- 
tions carried out in the 4MeV. 
linear accelerator (30 rads per pulse 
of 2 5 x 10-* sec.) at the Wantage 
Radiation Laboratory of the Atomic 
Energy Research Establishment. 

(c) Trypsin films made by dis- 
solving the same trypsin in 10 N 
hydrochloric acid, freezing and 
pumping off the water. Irradia- 
tions as (b). 

In all cases, when the enzyme was 
dry, the tubes were either sealed off 
wn vacuo, after two flushings with 


0:05 mm. mercury pressure, or 
filed with oxygen and sealed. 
Enzyme activity was measured by 
Kunitz’s casein method, as pre- 
viously described?. 

The tubes were irradiated in pairs 
side by side, one evacuated and the 


argon, followed by evacuation to ` 
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other contaming oxygen. It can be seen that m only 
2 cases out of 17 did oxygen eppear to increase 
appreciably the degree of inactivation as compared 
with the similar exposure tn vacuo. (In some of the 
‘cases of series (a) the dosimetry appears to have beon 
erratic, but this does not affect the conclusion 
stated.) In series (c) oxygen in fact decreased tho 
inactivation to the extent of about 10 per cent. 

It will be observed that the sensitiveness of the solid 
enzyme to irradiation is markedly modified by the 
mode of preparation in the solid film. Table 1 shows 


` . the mean values of D,, under the different conditions : 


Table 1 


Dy, (megarads) 
Mode of preparation In oxygen In vacuo 
. Fm from aqueous suspension 20 20 
.C me powder u : i 


17 4 38 


a 

b 

6. from 10-? N hydrochloric acid 

d. Film with 25 per cent cysteme-hydro- 
chioride 





It is not clear whether these differences of sensitivity 
are due to changes in the state of the trypsin mole- 
cule, when treated in different ways, or to some modi- 
fication of other substances present in small quanti- 
ties. The initial activity of the enzyme was un- 
affected by these treatments. An experiment was 
performed to see the effect of a protective substance, 
cysteine, on the sensitiveness of the solid. Added in 
relatively large amount to the solutions of trypsin 
before evaporation, cysteine hydrochloride (weight 
ratio, cysteme hydrochloride/trypsin = 0-25)reduced 
the sensitiveness by a factor of 4 în vacuo and by only 
2 in the presence of oxygen. It is therefore possible 
that the enhancements of sensitiveness by oxygen 
which have been reported were due to it reducing the 
degree of protection by a protective agent present. 
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These and the previous experiments show that, in 
aqueous solution at least, oxygen is capable of acting 
as a protective agent. Various explanations of this 
can be suggested; for example, in the presence of 
oxygen, the primary H radicals will be replaced at 
least to some extent by O,H. It is possible that O,H 
is less effective than H in causing inactivation because 
it may react preferentially on the protem. at pomts 
remote from the active enzyme centre. The effect 
of oxygen might therefore be to change the nature 
of the reaction from denaturation, which has been 
demonstrated in aqueous solutions!, to a relatively 
innocuous oxidation. In the solid there does not 
seem to be any reason for expecting a similar situs- 
tion. Alternatively, it is possible that oxygen, on 
account of its ‘radical’ nature, might be able to draw 
off the unbalanced charges present within the protein 
and thus localize the damage caused by them. 

We are much indebted to Prof. J. Rotblat, St. 
Bartholomew’s Hospital Medical College, London, to 
Messrs. T. R. Chippendale and D. R. Perry, Mullard 
Research Laboratory, Salfords, Surrey, and to Dr. 
R. Roberts and Mr. J. McCann, Atomic Energy 
Research Establishments, Wantage, for arranging 
the irradiations and for help m dosimetry. 

This investigation has been supported by grants to 
the Chester Beatty Research Institute (Institute of 
Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Camcér 
Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Research, the Anna Fuller, Fund, and tho 
National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 


1 Butler, J. A. V. 
(in the press). 


tee e 26th Ann. Rep. British Empire Cancer Campaign, 318 


Robins, A. B., and Rotblat, J., Proc. Roy. Soo., A, 


* Alexander, P., Radiation Research, 8, 653 (1957). 


DISTRIBUTION AND PREVALENCE OF FUSARIUM MONILIFORME SHELD. 
(GIBBERELLA FUJIKUROI (SAW.) WR.) PRODUCING SUBSTANCES 
WITH GIBBERELLIN-LIKE BIOLOGICAL PROPERTIES 


By Pror. W. L. GORDON 
Plant Pathology Laboratory, Canada Department of Agriculture Research Statlon, Winnipeg 


HE fungus Fusarium moniliforme Sheld. (@sbber- 
ella Jujikuror (Saw.) Wr.) is now generally 
reco as the cause of the ‘bakanm’ disease of 
rice (Oryza sattva L.) which has long been known to 
occur in Japan. The most characteristic symptom 
exhibited by diseased plants is a marked increase in 
height. In recent years this type of disease in rice 
has been reported from several other countries'. 
Kurosaws! first demonstrated, in 1926, that sterile 
filtrates of the ‘bakan’ fungus contained an active 
principle or growth stimulant which could cause a 
marked stimulation of growth in rice seedlings. Nine 
years later, Yabuta* announced that the active 
principle had been isolated. He gave it the name 
‘mbberellin’ after the name of the perfect stage 
Gibberela fujikuroi (Saw.) Wr. of the ‘bakanm’ 


F. moniliforme Sheld. is widely distributed géo- 
graphically, particularly on graminaceous plants. 
However, relatively few investigations have been 
carried out to determine if isolates of this fungus 


from hosts other than rice produce substances with 
gibberellin-like biological properties, which will be rə- 
ferred to ın this article as ‘gibberellins’. The results 
of the mvestigations published at the present time 
indicate that isolates of this fungus from hosts other 
than rice usually lack gibberellins, but occasional 
exceptions have been encountered. The detection 
of an isolate of F. monsleforme Sheld. possessing 
growth-stimulating properties has been reported by 
Nisikado‘, by Bugnicourt® and by Borrow, Bryan. et 
al. from sugar cane (Saccharum officinarum L.) ; 
by Nisikado and Miyawak:’ from cotton (Gossymum 
sp.); and by Bugnicourt® from maize (Zea mays L.). 
The present investigation was undertaken to obtain 
additional mformation on the geographical distribu- 
tion and prevalence of strains of F. monilsforme 
Sheld. producing gibberellins. 

One hundred and five isolates of F. monthforme 
Sheld. were meluded in this investigation. Of these 
isolates, eighty-four were classified as F. monthforme 
Sheld., seventeen as the variety subglutinans Wr. 
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and Rg., and four as the variety anthophilum (A. Br.), 
Wr. Most of these isolates were received through the 
Commonwealth Mycological Institute, Kew, England ; 
the others were received directly from research 
workers located in various geographical areas. Tho 
various isolates were received from time to time over 
the past twenty-five years. ‘They were originally 
isolated from a total of thirty-five species of plants, 
one insect species, and from five miscellaneous 
substrates. They originated in twenty-nme geo- 
graphical areas (Table 1). 

The host plant employed for the detection of 
‘gibberellms’ was the simple recessive mutant of 
Zea mays L., designated ‘dwarf-1’. According to 
Phinney, West eż al.* the qualitative responses of the 
mutant ‘dwarf-1’, in the seedling stage to gibberellic 
acid, to gibberellin A,, and to gibberelln A, are 
similar. Seed of the mutant ‘dwarf-l’ was obtained 
through the courtesy of Dr. Bernard O. Phinney, 
Department of Botany, University of California, Los 
Angeles, California. 

Before the various isolates were tested, each was 

established as a monosporous culture on potato 
sucrose agar (2 per cent agar, 2 per cent sucrose) 
slanted in ‘Pyrex’ test-tubes. Each test-tube measured 
20 x 150 mm. and contained 10 ml. of the medium. 
The monosporous cultures were allowed to grow at 
least 10 days before they were employed in tests. 
* Whe various isolates were tested for ‘gibberellins’ 
by the following method. Two drops of the detergent 
‘Tween-20’ were added to 100 ml. of sterile distilled 
water. 5 ml. of this solution were added to each 
monosporous culture. After 2 hr. the solution was 
decanted off into a ‘Pyrex’ glass vial and applied to 
seedlings of the ‘dwarf-1’ mutant with a medicine 
dropper. A few drops of the solution were applied 
in the axils of the first two seedlmg leaves. The 
seedlings were treated in this way twice a day for 
two days, and then were allowed to grow a further 
three days before final observations and measurements 
were made. Four seedlings were treated «with the 
solution from each culture in each test. Seedlings 
were grown in flats kept on a window ledge in the 
laboratory in which the variation of temperature 
was 24°-30° C. 

The growth response of seedlings treated with the 
extracts obtained from each of the various isolates 
was determined by measuring the distance from the 
apex of the coleoptile to the ligule of the second 
seedling leaf, to the nearest millimetre. The average 
of the measurements made on the four seedlings 
treated with the extract of a single isolate was com- 
pared with that of four untreated seedlings (treated 
with sterile distilled water with “Tween-20’ added 
at the level mentioned previously). The average 
growth response to the extracts of the various isolates 
tested was found to range from 0 to approximately 
500 per cent greater than that of the untreated 
seedlings. Those isolates designated in Table 1 as 
being ‘active’ produced a growth meorease more than 
25 per cent greater than that attamed by untreated 

s. 

It will be observed from the results presented in 
Table 1 that an appreciable number of the isolates 
produced ‘gibberellins’. Thirty-five of the 105 
isolates tested were rated as ‘active’. Of the 35 
‘active’ isolates encountered, 23 were classified as 
F. montsforme Sheld., 11 as the variety subglutinans 
Wr. and Rg., and | as the variety anthophilum (A. Br.) 


*F.m. denotes PF. monilyforme Sheld.; F.m g., the variety sub- 
giuhnan Wr. and Beg.; ¥.m.a., the variety anthophulum (A. Br.) Wr. 
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Table 1. GROGRAPHIOAL DISTRIBUTION BY HOST AND SUBSTRATH OF 

105 ISOLATS OF Fusarium montdyforme Sheld. (Gibberella fujikuroi 

(Saw.) Wr.) THSTHD FOR THE PRODUCTION OF ‘GIBBHRELLINS’ OX THB 
MUTANT ‘DWARF-1’ OF Zea maya L. 


No. of isolates ||. 





Species 
arias Host and substiate and inane 
vanieties*® j‘active’ active’ 
Australia D OR Bp: . — 1 
Zea mayt 1 — 
Oanada 
Ontario iad officinalis 
1 am 
es persica 
Batsch. rhizosphere — 1 
Zea mays L. 4 4 
Zea mays L. 3 — 
usta nubilalis 
(Hbn.) (insect) 1 — |, 
il emulsion — 1 
oul — pi t 
Manitoba Alitum cepa L 1 — 
ea mays 2 2 
Saskatchewan | Pinus sylvestris L 1 — 
tiers C ullus ulga : B 
gyp HUrukus v 18 
Schrad. 1 1 
Gossypium sp. — 1 
poopersicum ; 
m Mill, — 2 
Zea mays L. — 2 
Son 1 Zs 
Finland Betula sp — 1 
Formosa Oryza tativa L 1 — 
Ghana Zea mays L — 1 
Honduras Soil — 1 
Indig Arachis hypogaea L. 2 — 
Ricinus communis L. — 1 
Tritteum sp: — 2 
Zea maye L. — 1 
Traq Soil — 2 
Israel Sorghum 8p. 1 — 
Zea mays i — 1 
Jamaica Musa sa ian L. 5 -— i 
Japan Oryza 8 a 1 — 
Kenya-Uganda Oroialana zi mai L. a — 1 
people owe officin- 
(2) ee l 
Salenuin melongena L) Fma. 1 2 
Mauritins eons a officin- 
F ns, — 1 
Netherlands Onltate, solution F m. 1 — 
Nigeria guineensia 
Jacg — 2 
N. Nigeria Pennrsetum upane 
sum (L) Bich. = — 2 
N. Rhodesia Zea mays L, zi — 2 
Nyasaland Coffea ica L. i — 2 
Pakistan Sorghum sp. j L — 
Portugal danum usilalissimunm 5 
Sierra Leone Oryza sation L a 1 1 
South Africa Ananas sativus 
Schult. F.m s I — 
S Rhodesia Citrus sp. Fim. — 1 
Dranthis oa) yo- 
phytlus L. ' — 1 
Nreotuina tabacum L Be 1 — 
Zea maya D. a — 2 
Zea mays L. F.in.s 2 — 
Tanganyika Musa sapientum L. 5y — I 
Saccharum officin- 
arum L. F.m, — 1 
Trinidad Corchorus capeularvs L pe — 1 
Crotalaria usaramo- 
ensis E. G. Baker A — 1 
Crotalaria valetonts 
Backer re — 1 
Hibiscus esculenius L im 1 
Hilnecus sabdariffa L.| F.ms. 1 
Marania arundinacea 
L. F m — 1 
Rothoellia exaltata L. ei — 1 
Saccharum officin- 
arum L F ms. —_ 1 
Sorghum vulgare Pers.) F.m. 1 2 
Urena lobata (L ) 
Gaertn ¥F.m.s. —— 1 
; Zea mays È F.m. — 1 
Copra E.m a. — 1 
Uragua Zea mays L E.m. — 2 
United States 
Colorado Zea mays L. Fim 8 1 — 
Tino Zea mays L. Fm. — 2 
Minnesota Zea mays L, a — 1 
Zea maya L. Ems, — 1 
Ohio DEn aG piant filter E.m. 1 2 
Virginia Zea mays L. 1.8. 1 — 
Washington Asparagus officinalss 
L. F.m. — 1 
Hordeum brachy- 
antherum Nevski F.m.8 1 — 
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Wr. Although the idle ‘Of the isolates tested 
gave no indication of producing ‘gibberellins’, a suffici- 
ently large number of ‘active’ strains was obtained to 
demonstrate that they are present in widely scattered 
geographical areas, and may be encountered on a range 
of host plants and on other substrates. Whether 
strains possessing ‘gibberellins’ originated in one geo- 
graphical area, for example, Japan, or 1n various areas 
from time to time, several factors may have influenced 
their dissemination. One factor that would un- 
doubtedly play an important part in their distribution 
would be seed-transmission. F. montliforme Sheld. 
can be transmitted by seed, both internally and 
externally on the seed surface. The introduction of 
infested seed into areas where F., moniliforme Sheld. 
had not occurred would provide a rapid and effective 
means of dissemination of the fungus, and might also 
serve to introduce strains capable of producing 
‘gibberellins’. 

The results obtained from the present investigation 
have provided information additional to that prevı- 
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ously reported ın the literature on the host-range and 

geographical distribution of strains of F. monshforme 

Sheid. which produce ‘gibberellins’. It appears likely 

to me that if investigations are carried on in the future 

along this line ‘active’ strains of F. montdsforme 

Sheld. will be demonstrated to be even more prevalent 

and widespread than the results of this mvestigation 

have indicated. 

i Stodola, Frank H., “Source Book on Gfbberellin” (U.S. Department 
of Agriculture, 1058). 

* Kurosawa, E, Nat. Hist. Soc. Formosa, 16, 213 (1926). (Transl. in 
loc. ck., ref. 1). 

è rabila T Agric. and Hort., 10, 17 (1985). (Abstr. No. 559, loc, eit., 


‘ Nisikado, Y , Ber. Ohara Inat. Landwirtsch, Forsch., Kurashiki, Japan, 
§ (1), 87 (1981). (Abstr. No. 316, loe. ctt., ref. 1). 
* Bugnicourt, F., Bull. Econ. de ' Indochine, 45, 797 (1942), 
* Borrow, A. Brian, P. W., Chester, V. E. ee P. J., a anD; 
Jeffreys, E. G , Loyd, P. Nixon 
, Norris , and Radley, Margaret, J. Set. B toog and 
Apm. RA : "340 (1966). 


1 Nisika . and Miyawakl, Y., Nogaku Kenkyu, 36, 417 (1944). 

Aba Ab. 18909, Brol. Abair., 23 ; eas 

* Phinney, Bernard O., West, Charles A Ritzel, Ma 
Peter M., Proce. U.S. Nat. Acad. Sea “43, 398 (1957). 
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LOWER TERTIARY MICROFOSSILS FROM MCMURDO SOUND, 
ANTARCTICA 


By Dr. LUCY M. CRANWELL (Mas. WATSON SMITH) e ° 
c/o Geochronology Laboratories, University of Arizona, Tucson 


Dr. H. J. HARRINGTON 
Department of Geology, University of New England, Armidale, New South Wales 
AND 


l. G. SPEDEN 
New Zealand Geological Survey, Lower Hutt 


N understanding of the climatic, biological and 
geological histories of Antarctica is important 
to many studies, such as those on the origin and 
dispersal of the floras and faunas of the southern 
hemisphere, on Quaternary glaciations, and on con- 
tinental drift and polar wandering. Contributions 
have been made in reports on the Cretaceous and 
Tertiary sediments and fossils of the Graham Land 
region!, the latest being by Cranwell?; but except 
for those reporte there has been, a considerable hiatus 
in our knowledge for the reason why Cretaceous and 
Tertiary fossiliferous sedimentary rocks have not 
been found in other parts of the Antarctic. This 
article records the finding of apparently Lower Tert- 
iary sediments in the McMurdo Sound district of the 
Ross Sea region. The sediments are rich in micro- 
fossils, many of which have not been found pre- 
viously in regions south of Australasia. 

Structural considerations suggested to geologists 
of the New Zealand Geological and Survey Antarctic 
Expedition, 1958-59, that Cretaceous and Tertiary 
sedimentary rocks, similar to those of other crreum- 
Pacific lands, could be expected to occur beneath the 
floor of the Ross Sea, and beneath the ice-sheet 
covering the greater part of Marie Byrd Land. It 
was plain that if rocks of those ages occurred they 
would not be accessible to direct geological observa- 
tion, being hidden beneath the sea and ice, but it 
was considered that fragments of them might have 
been carried by ice to moraines in the McMurdo 
Sound region and to sea-floor deposits in the Ross 
Sea. Cretaceous or Tertiary sediments had not been 
found in the moraines by geologists of the Scott and 


Shackleton expeditions early in this century, but 
new searches were made at several localities. At 
Minne Bluff and White Island, Harrington and 
Speden, working independently, found in the moraines 
fragments of light-coloured fine-grained calcareous 
sediments which were immediately compared with 
certain distinctive sediments deposited in New Zea- 
land during a marine transgression which occurred 
between the Late Cretaceous and the Oligocene?. 
They particularly resemble some units of a wide- 
spread calcareous mudstone facies, of which repre- 
sentatives are the Burnside Mudstone and parts of 
the Amuri Limestone’; and it is very doubtful if 
they would have been considered significant, or even 
noticed, but for this resemblance. The collectors 
naturally considered, therefore, and with consider- 
able confidence, that their samples would be about 
Late Cretaceous or Lower Tertiary in age, and 
probably in the Upper Eocene—Oligocene part of that 
range, but others were sceptical and considered that 
they could have been derived from some of the 
finer-grained beds of the Upper Paleozoic and Lower 
Mesozoic Beacon Sandstone Formation’... Some 
specimens contain minute shell fragments, and one 
contains a fragment identified by Speden as part of 
a worm tube (? Rotularia sp.), which is not of value 
in age-determination (specimen MS 29, 75054, New 
Zealand Geological Survey collections). 

Afterwards, Mr. G. H. Scott, New Zealand Geo- 
logical Survey, identified poorly preserved Foramini- 
fera representing four genera in 75054, a light-grey 
sandy mudstone from Minna Bluff. He states that 
“little can be said with confidence about the age of 
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1. Hse gy ‘ona a mudstone fra 
rei Bt aioe ter, including appendages, about 100x. 
This form has ‘strong sag attaiiies with the H. complex group 


the ple. In New Zealand Angulogerina of the 
type found in it does not occur prior to the Whain- 
garoan (Lower Oligocene) ; elsewhere the genus has 
-` Eocene representatives of the type discussed here, 

“for example, m Berquist from the American 
Jackson Formation, but Paleocene representatives 
seem to be lacking. It is probably correct to regard 
the Angulogerina of this fauna as indicating a post- 
Paleocene age. The occurrence of Globoquadrina, if 
ecorrectly identified, would reinforce this age assign- 
mént, as this genus first appears in the Oligocene in 
New _(Waitakian) and Australia”. 

The results obtained by Mr. Scott were not conclus- 
ive, but strongly supported the opinion held by Har- 
rington and Speden, on lithological evidence, that the 
specimens are younger than Upper Paleozoic or Lower 
Mesozoic, and close to Eocene or Oligocenein age. 

Fragments of specimens 7505 and 7505A were sent 
to Cranwell, and a small pollen component was 
recovered along with a wealth of hystrichosphaerid 
(Fig. 1) and dinoflagellate forms. Further study will 

be needed before adequate comparison can be made 
with the Australian and New Guinea microplankton 
described since 1953 in the pioneer researches of 
Cookson, Deflandre and Eisenack*-"', and correlated 
by them, in some cases, with Euro finds in 
particular. At present it appears that faunal and 
floral elements point to some Cretaceous, or earlier, 
admixture, but much of this may be traced to 
redeposition, or to misinterpretation caused by our 
lack of knowledge of the time-range of hystricho- 
sphaerids recorded solely, or with few exceptions, 
from the Cretaceous or earlier. Only in 1958 did 
Cookson and Eisenack to report Tertiary 
Perens for some of these key Mesozoic forms. 
e pollen grains are few in number but well 
eet though tending to stain lightly; they 
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belong to groups abe known at Saydi Island? 
from macrofossil and microfossil remains ; ut none 
of the types so far recognized is identical. No 
fern spores, no fungi, no cutičles and only a few 
tracheids (single broken shreds) were found. Species 
of southern beech (Nothofagus) predominate (Fig. 2), 
and there are ties, on one hand, with New Guinea, 
Australia, New Caledonia and New Zealand forms, 
either fossil or living, and on the other, a link, 
stronger than in the Seymour Island material, with 
certain characteristic South American forms. The 
conifers occur in lower frequencies and their types 
have not yet been sorted out to our satisfaction. 
Palmoid and proteaceous types occur, and a few 
others have been noted. The microplankton contains 
plani-spiral microforaminifera, and there are a few 
fragments which suggest aleyonarian spicules. 

Dating of the pollen cannot yet be fixed: it is not 
likely to have originated earlier than the mid- 
Cretaceous, judging by work done in New Zealand 
by Couper", and it is probably not as recent as the 
Miocene cooling in the Graham Land region described 
by Adie*. As in the Seymour Island material, the 
pollen absences (for example, Compositae) might be 
taken to eliminate Miocene possibilities, but it must 
be remembered that the assemblage can only be a 
weak representative of the original communities 
since large grains, and insect-pollinated types, are 
less fitted to travel great distances in air currents, 
and we have here no suggestion of carriage by muddy 
rivers. The total evidence, of course, tends to 
indicate an age between the Late Cretaceous and 
the Oligocene, as indicated by the lithology, and the 
Foraminifera recorded by Mr. Scott. 

The low frequencies—only a few grains per slide— 
and the restriction to small wind-pollinated types 
(mainly less than 35u), coupled with the wealth of 
hystrichosphaerid and dinoflagellate remains, strongly 
indicate settling in offshore waters of normal salinity 
and low turbidity (cf. Orinoco Delta deposits 
described by Muller™) and at some distance from the 
land areas where temperate forests yielded the pollen 
rain. These conditions could wel! be matched during 
a marine transgression across & shallow continental 
shelf bordering a low, easily flooded land-mass, or by 
the existence of shallow marine troughs between 
island groups in a time of base-levelling and relative 
tectonic calm. It is conceivable, by comparison with 


New Zealand and other circum-Pacifie lands, that 


island groups and marine troughs existed that were 
precursors of the ridges and depressions discovered 
buried beneath the ice of the Ross Sea~Weddell Sea 
region, as the result of am nt series of 
traverses by United States ing parties™, 

In addition to the notes Raa i given, we wish to 
stress that these are the first records, so far as we 
can ascertain, of dinoflagellates, hystrichosphaerids, 
microforaminifera, scolecodents (annelid jaws: very 
rare), ? aleyonarian spicules, pollen, tracheids and 
spores (undetermined) from this area, and the first 
fossil occurrences of several of these groups south of 
Australasia. 

Thanks are extended to the United States Navy 
for transport to Antarctica and localities in the Ross 


Sea region; to Messrs. A. ©. Beck, E. B. Fitzgerald | 


and other members of the expedition for co-op eration 
in the field work under arduous conditions and for 
notes and views; to Mr. G. H. S , New 


sharing 
Zealand Geological Survey, for his work on the 


Foraminifera ; and to Prof. Terah Smiley and his 
staff at the Geochronology Laboratories, Unive rsity 
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AGE OF EMPLACEMENT OF GRA 
By Dr. W. COMPSTON, Dr. P. M. JEFFERY and 


Department of Physics, University of Western Aus 





Ty ADIOACTIVE age determinations are usually 
AN made on the separated mineral components of 
a rock rather than on the whole rock itself, and the 
age of emplacement of the latter, regarded as the 
time at which the various radioactive elements first 
became fixed into different mineral species, is then 
inferred from the ages of the minerals. This pro- 
cedure is valid only when at least one of the minerals 


has remained a closed chemical system since first. 
As there is no independent means of 


erystallization. 
recognizing a closed system, it becomes necessary ir 
practice that the ages of all constituent minerals 





should. agree before much confidence can be placed ued a 
Even with thi s 


in any. inferred age of emplacement. 
stipulation, the result is not conclusive, since it 


also be met by the minerals of a completely recryatal: 


lized rock 


‘Several instances!,? have been reported. in mota- a 
morphosed granitic rocks in which biotite yields a 
lower rubidium—strontium age than microcline, and į | 
each mineral in addition possesses different potassium- ` jt e 
“argon and rubidium—strontium ages; one case? was. 














‘recently cited of a microcline which lost radiogenic 
strontium during metamorphism. The age of rock 
émplacement in such cases becomes less and less 
founded on verifiable fact, and some alternative 
means of ete E this ago is most desirable. 










fated by Pohea, 
otal rock’ ages by the 
d were in reasonable 
| ages for the red granite 
plex. We have recently analysed 
tc l ʻa metamorphosed granite and 
associated from Mundaring, Western 
Australia, ir sgmatitic muscovite and micro- 
cline were thea only minerals to retain an old rubidium- 
strontium age. Although each total-rock sample was 
found to possess a different ratio of rubidium to 
strontium, they all gave the same age for a unique 
value of the ratio initial strontium-87/strontium-86, 
which was also the age given by the muscovite. We 
believe that this figure is the age of emplacement of 
the granite, and that total-rock analysis represents 
both the simplest and least ambiguous method of 
iming this age. 
Jytical results for five total-rock and four 
tAineral samples are listed in Table 1. The quantities 
directly measured for each samp. are the present- 
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strontium data is unreliable for 
common strontium, due to variability in ale ‘ratio 
strontium-88/strontium-86 in the sample, and to 
enhanced magnification of mass-spectrometric yane 


dom errors.) From the expression. + z 
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CRU in fact shoiner unknown Gana 
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* Based on a strontiur 
ae decay consiaae Of 1/386 x LO-E yr,” 


calculated using rubidium- 
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radioactive age determ- 
which is present even i 
p granite total-rock age could be interpreted on this 






_ as the whole-rock sample. : 


i by pene the absolute value of the ratio stron- and evolution of crustal strontium, though reasonable, 
: ; > have not yet been substantiated experimentally. 












mantle, and again assuming a linear evolution of this 
atio from primeval strontium, then the maximvunt 
ige of the granite becomes 2,900 myr. (Fig. 2). 






3 time, then a granite formed fro era 
antin 2, 700 m. r eee see an i si 














age still could be no greater than about 3,000 myr: 


-the age of emplacement of the granite. Fig. 1 shows 
“that the pegmatites also have this age, thereby con- 
firming the widely held premise that pegmatites can 
form immediately on the solidification of a granite. 
Finally, as regards the ages of the mineral, we wish 
to emphasize that none of the potassium feldspars 






yo 09-0393 , 0-70 












‘tion of the 2,700 m.yr. event. 
> eomes closest at 2, 300 MYE. 
clines show any ‘age’ down i 
is also the age registered by: 
muscovite and micromuscovi 
during. saussuritization of... 
alone show complete retentio 
incidentally, that saussuritizat 
late-stage magmatic process i 
Full details of these age determinations will be 
reported elsewhere. We are grateful to Dr. A. F. 
Wilson and Mr. I. Martin, of the Department of 
Geology, for helpful discussion and practical assis- 
tance, and to the Research Grants Committee of the 
University of Western Australia for financial support. 
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lo picture specifically as the age of emplacement.. 
-may be possible to eliminate one of these alternatives However, the assumptions concerning the sampling 







Eveni in the most unlikely case that essentially primey- : 
strontium was incorporated with the granite, its = 


One further result follows if 2,700 m. yr. is taken na pe 


from these granitic rocks exhibits ghee ante reeling j | 





In any event, it is possible still to set an upper limit 
to the age of the granite, if it was formed directly or 
- indirectly by some process of differentiation from = 
aantle material. Taking 0-700 as the value of the — 
atio strontium-87/strontium-86 for the present-day: 
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ee variable reluctance, but with an a.c. magnet; 
“output then consists of amplitude-modulated alter- 
nating current which is easy to amplify and telemeter. 
The response of the seismograph can be readily cons: 
trolled by feeding back to the pendulum, in the correct 
proportion, the demodulated output of the amplifier 
together with its derivative and integral. For example, 
Fig..1 shows the performance of conventional seismo- 
















LETTERS TO 


GEOPHYSICS 





A Telemetered Seismic Net in Tasmania 
Worx during the past eighteen months towards 


g a, the. establishment of a telemetered seismic net in 
-. Tasmania has involved research in which electronics 


and seismology have been brought into close contact. 
< Information about the net itself will be published 
“in detail elsewhere, but the purpose of this com- 


oo munication is to describe new ideas which have arisen 
oo. from. eontact between the two fields. 
ments have followed two lines. First, the application 

E of electronic amplifiers and the principles of feedback 


The develop- 


‘servomechanisms to the design and construction of 
seismographs. Secondly, and perhaps more import- 
ant, has been the consideration of problems in observa- 
tional seismology from the point of view of informa- 
tion theory as the problem of extracting a message 
from a noisy background. This, by analogy with 
other. fields, has led to the consideration of methods 
-whereby the discrimination of seismographs against 
background noise could be improved. 
Our electronic seismograph uses a transducer ie 
the 


graphs as given by Willmore!, to which we have 
: added for comparison the performance of our seismo- 
graph. 
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Fig. 1. Diagram showing performance of conventional seismo- 
graphs given by Willmore (ref. 1) to which we have added for com- 
parison the performance of the a.c, seismograph 
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With the particular baon of feedback used, 
it will be seen thar it acts as an aceelerometer between — 
response is above the envelope. 
cas for -t 6 genre ) 








to adj ust: it fons various | purposes. Seiendblogicte hav 
traditionally thought in terms of periods and damp 
ing, and various adjustments? are used for particular 
instruments, mos ‘which. are highly 
As shown, our seismograph has been ad ust oa 
broad-band accelerometer ;_ this, however, is purely 
for comparison, and it could equally well be adjusted 
in other ways. The problem of what characteristics — 

it should in faet hi 


















lave to obtain optimum performanee 
depends on the statistics of th signal and the message, 
and these have received only scant study by seismo- 
logists. For the present, therefore, we propose to 
record the whole of the information contained in:the.. 
band and experiment with filtering and other pro- 
cesses on the record. itself. Provided that ex@ernal ik 
noise is the factor which limits the performance, this 
procedure will not affect the signal-to-noise ratio in 
the recorded information. 

Willmore? has. considered the limitation of sensit- 
ivity in.seismographs which do not use amplifiers. 





cH amplifiers ‘are used, then the limitations he has 


discussed do not apply—the absolute level of sensit- 
ivity shown in Fig. 1 was arbitrarily chosen for thè 
purpose of comparison, and it could be increased by 
several. orders of magnitude if required. When ` 
sensitivity is not the limiting factor, the signal-to- 
noise ratio becomes apparent as the limit of resolu- 
tion, and it is necessary to consider various noises. 
Seismologista do not appear to have adopted standard 
methods of specifying ground movements, although. 
the displacement of the ground is often quoted in 
microns, Without a more complete knowledge of- 
the spectrum, this is not very useful for. comparing = 
instruments which are to. be used at other frequencies, 
and in. what follows we shall mean the equivalent. _ 
displacement of the ground in microns at 1 e. Js, the... 
figures given being orders of magnitude only. Back- 
gr round ground depends on the site and = 
the partitular: day may range from 0-1 to... 
10 microns. — In _Seismograph, amplifier noise 
cor responds to a minimum detectable sig f 
10-5 micron. This should be increased- þy 
known amount to take account of Barkhausen { 























ihe ane unt of this noise, but indications : are that 
is very small. There remains finally the ultimate 
limit of seismometry—the Brownian motion of the“ 
pendulum—-which we roughly estim 
seismograph to correspond to a sign 
10-5 micron. | 
At present, background noise predo: 
preliminary experiments conducted in Hobart suggoäi ae 
that noise recorded at sites separated by a few miles ._ 
is largely uncorrelated. If this is so, it will be possible < 
to resolve discrete signals out of the background. by 
measuring the correlation between signals received _ 
at different sites. This idea was developed for radio 
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astronomy, and although the techniques. are more 
ifficult in the seismic case they are still possible. 
e are designing and propose to construct a correla- 
on machine to measure in pairs the correlation 
between the records of the various stations in our net. 
E Initially we are using pen-and-ink recording on 
paper ; however, we are working simultaneously on 
n arrangement using magnetic recording on tape 
th electronic reduction of the information. The 
1agnetic recording, will be done at tape speeds of 
„in. per sec. and replayed at much higher speeds. 
ill reduce the time of interpreting the records, 
y. ra pising the a pey will make 








produce by ecte resonant jao IES r Jdeated 
in the band. Eventually, it will be-possible to pro- 
uce tapes which can be fed into digital computers 
or processing in various ways. = = 

= Wo wish to acknowledge the help provided by 
Prof. S. Warren Carey; professor of geology in the 
=: University of Tasmania, who initiated the idea ofthe 
~telemetered net and who has also provided many 
$- helpful discussions and ideas. 

ie ° GORDON NEWSTEAD 
oe P. A. Warr* 

o ‘Department of Electrical Engineering, 
University of Tasmania, Hobart. 

* General Motors Holden Research Student. 
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METEOROLOGY 


` Sodium/Potassium „Ratio in Ralikiwater 


ae Dr. B. C. V. Oppr has commented? on a portion 
: of my recent article “Surface of the Ocean as a 
_ Source of Air-Borne Nitrogenous Material and Other 
Mant Nutrients’? with particular reference | ‘to the 
dium /potassium ratio in rain-water. In. this article 
_ presented results of the analysis of New Zealand 
snows and proposed that there exists on. the surface 
of the ocean a very thin layer. which is rich in potas- 
‘sium, nitrogenous material and other. substances as a 
result. of the activities of micro-organisms. It was 
uae layer are transferred 

to the ‘atmosphere by the bursting of bubbles in 
saps’ and thence tothe land. I referred to the 
at the sodium/potassium ratio in rain is often 
kedly lower than that in bulk sea-water and 

uggested that the excess potassium was coming 
-from the surface layer described above. Oddie 
‘directs attention to the fact that the low sodiuwm/ 
potassium ratios commonly recorded at inland 
-eollecting stations are scarcely ever observed at 
exposed coastal stations in Europe and North 
America and, states that in general the more maritime 
he situation of a station the more closely does the 
atio approximate to that of sea-water (that is, 27). 
He makes reference to results from the Shetland 
8 ands. Por parent aria ee ae this i is 


































nä. American rains. 
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-itis seen to be? 3-8 kgm./har. on the coast dropping to 

2:4 kegm./har. 200km. inland. The high sodium/ 
potassium ratios on the coast are caused not by low = 
potassium deposition but by high sodium deposition — Ses 
due probably to wind-blown bulk sea- -water. Onthe  _ 


Willmore, E P, L., Mon. Not. Roy: Astro. Soe., Geophys. Supp., 6,12 29. 
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Table 1. Soprum/Porassium RATIOS OF COASTAL NEW ZEALAND ©: 


SNows 


OTT crite cee inant o ATAOE AA mA est sve! 
Hy we SES RE ee eer ee ey 


| Distance | Sodium | | Potassium | Sodium/ | 
_ from sea | | | (p.pam.} | (ppm) | potassitim: 
_ (miles) 
: | Snow collected May 3, | . ; | a 
| 1958, on Mt. Pemont f ; 


csp ATE 


e a AR E R a 


| at 6,000 ft. 80 0-63 0-24 
| Snow collected April | : | 
| 27, 1958, on Tasman | i | 
Glacier at 7,000 ft. 25 | 0-20 0-18 i 
! Snow collected August | ! | 
; 22, 1958, at Temple | ; ; 
_ Basin, Arthurs Pass, | ; l 
| at 5,000 ft. i 30 | O04 | 0-02 { 
| 11,000 410 27 ] 


| Sea-water | | 





In the case of snows (Table 1) collected close to the 
sea on the west coast mountains of New Zealand the ` 


potassium must come from the ocean as there is no 


industry or for that matter land to act as its origin. A 


In the case of the European and North American rains 
the problem perhaps is complicated by fuel com- 
bustion, industry, ete., and it is not possible for me to 
say how much of the excess potassium comes from 
the ocean or from other sources. However; Oddie is 
scarcely justified in ruling out my hypothetical 
mechanism as a source of some of the excess potassium 
in European rains on the evidence that the sodium/ 
potassium ratio approaches 27 as one approaches an — 
exposed coast. 


deposited each year. 
Oddie’s own example of Sweden’. 


instead the potassium deposited per annum is taken 


coast in New Zealand this can be very great (near _ 
Wellington airport (Rongotai), for example, 210 Ib-/ 
acre/yr. of chlorine are deposited*) ; this will raise the 
sodium /potassium ratio toward that of bulk sea- 
water. This effect (as does the sodium/potassium 
ratio) drops off rapidly with distance, presumably due 
to the large size of the wind-biown sea-water drops. 
In my discussion of the snow analyses? I corrected for 
the “‘wind-blown sea-water effect” by considering 
only “the excess potassium” which was defined thus : 


excess potassium ion concentration s= potassium 
ion concentration — 1/27 sodiun ion concentration 





Nevertheless one can, as is seen from Table 1, 
obtain snow samples near the coast with sodium/potas- 
sium ratios as low as 1-3 which Oddie ‘claims are only: 
found at inland collecting stations. It should be 
noted, however, that these were all taken at high 
altitudes, and it is possible that the heavier wind- 
blown bulk sea-water salt does not reach these 
altitudes. Another point is that in collecting fresh 
snow one obtains the precipitations of only an hour 
or so, whereas if samples of rain-water are collected 
over relatively long periods (weeks) an integrated 
value is obtained. Thus any period of high wind will 
deposit wind-blown bulk sea-water and so raise the 

average sodium/potassium ratio of the rain. I would 
suggest that individual rain showers be collected over 
short periods of time (for example, } hr.) at the 
European coastal stations in question (for example, 












In such considerations one must ooo 
rather consider the total amount of potassium = 
To ilustrate this, let us take 
The yearly — 
integrated sodium/potassium ratio decreases from 
“10°on the coast to 1-7 at 200 km. from the sea. If 



























a: actually founi 





“It seems probable that some of these 


Lerwick}. 
{collected on days with no high wind) will give sodium/ 





Pee ratios approaching those of inland stations. 
A. T. WILSON 





University of Wellington, 
Wellington, 
New Zealand. 
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PHYSICS 


Velocity of Light in a Magnetic Field 


co ONE consequence of classical electromagnetic 
< theory is that the velocity of light in vacuo should be 
unaffected by superposed magnetic or electric fields ; 
this conclusion is worth checking experimentally 
whenever a sufficient advance occurs in precision of 
observation. As regards the constancy of the velocity 
of light through a vacuum in the presence of a trans- 
verse magnetic field, the most precise observations 
i higherto made are probably those of Banwell and 
Farrel, These investigators showed in 1940 by an 
~ interferometrie technique with photoelectric recording 
that in a field of 20,000 oersted the change of velocity, 


Ibe existed, was unlikely to be much more than an 


~ | Daerease of about. 30 cm./sec.; their probable: error 
iy was about 18-6 em. sec. 

— Recent developments? in the photoelectric detection 
_ of small deflexions of a beam of light have made it 
| -possible to look for deviations of such a beam when 
-passing through a transverse magnetic field- shaped 
to resemble an optical prism ; this shape of field was 
first applied by Rabi? to improve the accuracy of the 
Stern-Gerlach technique. 
«The photoelectric detection system has a root- 
mean-square error of about 1-4 x 10-8 radian for a 
bandwidth of 1 cycle/sec.; it has been used to look 
for deviations of the light beam when a field of 
about 8,000-oersted is switched on and off for alter- 
nate 10-sec. periods. By taking 400 observations, 
giving a total observing time of about 8,000 sec., 
the error in comparing the directions of the light beam 


-< before and after passage through the prismatic field 


“has been reduced to a root- -mean-square value of 
8-3 & 10°) rac ‘he average change in direction 

x 10-13 radian, away from the 
apex of th since this was only about one- 
third of th ean-square error, we may conclude 
that no. significant deflexion was observed. For nearly 
-one-half of all the observations, unpolarized white 
= light was.used ; in the remainder, the same light was 











a -plane polarized, with its electric 


vector first parallel to the magnetic 
‘lines of force, and afterwards at 45° 
to this direction. 

The effective prism angle was 
about 100°; the angular root- 
mean-square uncertainty of 5-5 x 
103 radian therefore corresponds 
to a root- ean-square uncertainty 
in the constancy of velocity (or of 
refractive index of the magnetic 
field) of about 2-3 paris in 10%, 
Should the velocity of light be sub- 
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ject to a Gape change by as s much as 100 mieronjsee. o. 
in a transverse field of 8, 000 oersted, the change- = 





© ought to have been detected. 


While this negative result may avé little conse- 
quence, the figures indicate that optical deflexion 
measurements by photoelectric methods can be com- 
parable in precision with maser experiments! and | 
Mossbauer techniques*. pe 


Re V. JONES 





Department of Natural Philosophy, 
Marischal College, 
Aberdeen. 


! Banwell. C. J., and Farr, C. C., Proc. Roy. Soe., A, 175, 1 (1940). 







* Jones, R. V., and Richards, J. C. S., J. Sei. Instr., 36, 90 (1959), 
? Rabi, 1. L, Nature, 128, 163 (1929). 
*Cedarholm, J. P., and Townes, C. H., Nature, 184, 1350 (1959). 


ë Moon, P. B., Nature, 1 7 (19695. 







zed ‘Theta’ Pinch 


here on an experimen l 


‘Prize’ : 


Work has eos uly be ul 
designated ‘Prize’: i 

‘Prize’ is an sleotromagnen®. shock-tube using pre- 
ionization in the Z direction followed by a theta 
pinch ; its main function is to form a high-temperature 
plasma in deuterium gas by shock heating? without. 
the ubiquitous trapped magnetic field usualy. 
associated with theta pinches and described "else 
where?,3, 

In the conventional theta pinch. the magnetic 
field is able to penetrate the cold gas before the 
initial formation of the current sheet. This trapped 
magnetic field reduces the temperature of the 
imploding shocked gas since work is done in com- 
pressing it; the field also gives rise to instabilities onoo oo 
the second half-eycle of the discharge”. In earlier 
experiments at Foulness other methods of eliminating — 
trapped magnetic field were tried including the use of 
a d.e. bias magnetic field to cancel out the trapped 
field and also plasma injection using a Kolb type 
‘T? tube. In ‘Prize’ a thin annular cylinder of high- 
conductivity plasma is formed by a linear pinch 
before the azimuthal currents in the theta piece set 
up a longitudinal magnetic field. The magnetic piston 
set up by the currents in the theta piece then drives: 
the thin annular current sheet towards the axis of the 
shock tube and, due to the high conductivity of.the o5 
initial pinch, the diffusion of magnetic field into the 
plasma is considerably reduced. RF 

Figs. 1 and 2 show the geometry of ‘Prize’. The- 
linear Z pinch is set. up seen the annular electrodes 
at each end of th tz tube; the ‘backstrap’ 
required to form the initial axial current discharge _ 
near the walls of the discharge tube, at the point of- 
minimum inductance, is the thin slotted copper — 
evlinder on the outside of the tube. The cylinder 1 Bo 
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Fig. 1. Cross-seetion of ‘Prize’ 
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Fig. 2. 


‘Prize’ 


of course, slotted to allow the magnetic field set up 
by the theta piece to penetrate into the quartz tube. 

Fig. 3 shows a schematic diagram of the circuitry 
associated with ‘Prize’. Switching has been designed 
so that the linear pinch does not move appreciably 
before the theta voltage is applied. The switching 
arrangement is a simple but effective explosive 
sandwich layer consisting of three copper strips 
separated by ‘Melinex’, the order of the strips being, 
from top to bottom, Z live, common earth, theta live 
with the explosive uppermost. This ensures that the 
theta voltage is applied approximately 0-1 usec. 
after the Z voltage. 


aT ap 
~ ii +— Detonator switch 
a | | G 


10 k\ py 
es 
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xy 
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Fig. 3. Schematic diagram 


Our early experiments have been concerned with 
the synchronization of events, and for this purpose we 
have used convenient values of voltage, 10 kV., and 
stored energy, theta 2 kilojoules, Z pinch 5 joules, 
and a theta piece consisting of a single copper turn. 
Figs. 4 and 5 show streak camera records (radius time 
curves) of the motion of the shock fronts for ‘Prize’ 
fired with and without the Z pre-ionization and an 
initial deuterium pressure of 1 mm. Fig. 4 shows no 
trapped magnetic field with a completely converging 
shock system on the first half-cycle of the theta 
discharge and Fig. 5 appreciable trapped magnetic 
field. 





-- 1 psec, — 
Figs. 4 and 5 
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We are now entering the second phase of the 
experiment in which we intend to apply more energy 
to a Scylla’ type theta piece. 

R. D. MEDFORD 
A. L. T. POWELL 
J. D. HERBERT 
R. C. POTTINGER 
J. K. WRIGHT 
Atomic Weapons Research Establishment, 
Foulness, 
Southend-on-Sea, 
Essex. 


t Wright, J. K., Proc. Phys. Soc. (in the press). 

t Wright, J. K., Eeles, W. T., and Herbert, J. D., 
(1959). 

’ Bodin, H. A. B., Green, T. S., Niblett, G. B. F., and Peacock, N. J., 
Proc. Fourth Intern. Cong. on Tonization in Gases, Uppsala (1959), 

t Elmore, W. C., Little, E. M., and Quinn, W. E., Phys. Rev. Letters (July 1, 


1958). 
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Ultra-High Resolution y-Ray Resonance 
in Zinc-67 


We wish to report the observation of nuclear 
resonance absorption (Méssbauer effect!) of the 
93 keV., 9-4 usec. y-ray? of zinc-67. The energy 
width of this line is 4-84 x 10-" eV., and the frac- 
tional energy resolution, defined as the ratio of twice 
the natural line width to the y-ray energy, is | part in 
10%, and is 10? fold narrower than that reported? for 
iron-57. By the same token, the resonance is difficult 
to observe, because it is easily destroyed by small- 
amplitude sound vibrations and broadened and 
weakened by nuclear electric quadruple interactions 
in the crystals‘. 

A search for the resonance was made using a 
mechanically rigid package of absorber and source, 
suspended by threads inside a liquid-helium cryostat. 
The resonance condition was destroyed by applying 
an external magnetic field to the absorber but not the 
source, making use of the nuclear Zeeman effect. 

A source of 78-hr. gallium-67 was prepared by 
deuteron bombardment of a ceramic zinc oxide slab. 
Gallium-67 decays by electron capture to excited 
states of zinc-67. Following annealing of the source 
in a helium atmosphere for 18 hr. at. 366°C., the 
source and a ceramic zine oxide absorber (thickness 
5-6 gm./em.*) were placed in a shock-mounted helium 
cryostat. A solenoid surrounding the absorber 
provided a magnetic field. The source was mounted 
at a distance of 1-5 cm. from the absorber, and was 
shielded from the magnetic field by a superconducting 
lead foil. The experiments were performed at tem- 
peratures below the helium À point, thereby elimin- 
ating boiling and assuring equality of source and 


absorber temperatures. Freezing the nitrogen 
radiation shield prevented vibrations due to boiling 
liquid. 

Determinations were made of the increase in 


transmission of the 93-keV. gamma radiation through 
the zine oxide absorber on application of a magnetic 
field to the absorber. A field of 150 oersted is expected 
to destroy the resonance condition completely, assum- 
ing no line broadening. With an applied field of 500 
oersted the low-temperature transmission wes found 
to increase by (0-080 + 0-008) per cent over the zero 
field value. After correction for background in the 
y-ray spectrum the transmission increase is (0-240 + 
0-025) per cent. 

Control experiments were run at room temperature, 
where no resonance is expected, using the 93-keV. 









y-ray, and at low temperatures using a 184-keV. 
„non-resonant y-ray. An unannealed zine oxide 
absorber was studied. Measurements were taken on 
annealed (14 hr. at 650°C.) and unannealed zine 
$ inc oxide-alumina). Because of difficulty in 
the active gallium atoms in the proper lattice 
n the spinel, no resonance was expected, 

| one was observed. The results of all our measure- 
ments are summarized in Table 1. The magnetic 

fields used were in all cases approximately 500 






















< oersted. The only significantly non-zero resonance is 
. found in the annealed zinc oxide at low temperatures. 
Be aa Table 1 

peones nt 7 pr nana vae yee en oe 

| Material | Annealed |§ y-Energy | Temperature | Resonance 
= | ; ° K. | (per cent) l 
eco | ZnO yes | 983keV,  <217 | 008040008. 
ces f nO no 9: I <217 | 0-06 +006 | 
2 | ZnO yes 93 | 800 | 0-005 £0-003 | 
oo ZnO | yes 184 <217 | 002 40-02 | 
ae Spinel | yes 93 <217 | 0-016+0-014 | 
Cuoi Spinel | yes 98 300 | 002 +003 | 
l PANEN. ETET SN ek O OER, SILER ROE eR ee | 





Despite the minute resonance strength observed 
in zine oxide, the ratio of the resonance strength 
to the energy resolution is larger than for any 
other resonance thus far reported (about three 
times larger than has been obtained with the 
(14-KeV. line in iron-57*), and hence the 93-keV. 

“y-ray of zine-67 provides the possibility for the most 
precise nuclear clock available. We are at present 
attempting to enhance the observable resonance 
through the utilization of resonant scattering methods, 

and are studying the isotope shift expected when the 

isotopic constitutions of source and absorber are 
different. sagt 

We wish to express our thanks to Stephen Stoddard 

and Robert Cowan for preparing the zine oxide 

_ samples, to Donald R. F. Cochran for help with 

irradiations, and to J. G. Dash for a nurnber of 

helpful discussions. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 

D. E. NAGLE 
P. P. Craia 
W. E. KELLER 





University of California, 
Los Alamos Scientific Laboratory, 
Los Alamos, New Mexico. 
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<4 Strominger, Hollander and Seaborg, Rev. Mod. Phys., 30, 585 (1058), 
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Mass of Elementary Particles 


ig PROF, A. J. RUTGERS in Nature of September 19, 
cou 1959, and Dr. R. L. Worrall in Nature of February 27, 
— 1960, pointed out that the ratio of proton to electron 
.. mass could be calculated from simple functions. It 
= o appears that the masses of most elementary particles 
>- ean be calculated, approximately, using three 
_ quantities, h, Planck’s constant, a, the fine structure 
constant, and e, the base of the natural logarithms. 
_ The caleulated values obtained are in good agreement 
+ with the known values. 
“Worrall suggests the following equation for cal- 
=o culating the mass of the proton : 
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Mp. = mass proton = (10*/2e) M, 


Meson masses can be calculated in the following 
way : rae 


Mu meson: He (4/a4)M,. ~ 202M, 
z meson: (2/a) Me m~ 274 M. 
K meson: (Tja) Me ~ 959 M, 
Hyperon : (7/5) Mp ~ 2,585 Me 





The observed masses are almost exactly equal to —— 
the calculated masses. ae 
The hyperons may have the following structure: 


1,840 + 959/e + 959/e ~ 2.545 M, 
1,840 + 959/e + 274/e ~ 2,295 M, 
1,840 + 959/e ~ 2,190 M, 


Since a binding energy may also be present, these 
caleulated values are not unreasonable. However, — a 
if they are correct the factor e appears to be important. ~ 
There is a mass decrease on particle formation: ne 
through action of the factor l/e as suggested by 
Worrall. However, the factor could be 1/(10%)!”2. 

The electron mass can be expressed in terms of 
frequency and e? by the equation : 


hiM, = eje ~ 7-3 em.2/see. 
773 ~ lfa ~ e? 
hje? ~ 9 x 10 äl 
There are now three nearly equal quantities 


involved in mass calculations. Meson masses can 
be expressed ag follows : 


Mass of mu meson = (lje) 4 hja (c#/v) 


It seems reasonable to suppose there is some con- 
nexion between the three quantities in the above. 
equation. Tho ultimate equation may involve only | 
hjc*, a conversion factor dependent on the units used, 
and an energy-level factor. 

In viqw of the importance of the problem, the above 
relationships perhaps deserve consideration. 

S. C. Horning 
200 E. Rose Valley Road, 
Wallingford, Pa. 


BIOPHYSICS 


Flow of Blood through Narrow Tubes 

Ix a recent communication, Haynes! describes 
experiments on the flow through capillary tubes of- 
suspensions of erythrocytes in standard acid-citrate- = 
dextrose and proposes an equation relating volume =. 
flow in unit time to applied pressure. He also refers 
to my use of Casson's equation? for somewhat similar 
results obtained by various authors on blood (treated = 
with coagulants) from a number of species‘. Although 
Haynes’s comments are entirely correct so far as they” 
go, it seems that the matter requires further clarifi- 
eation. P 

The essential point is that, to further our wunder- 
standing of the sigma phenomenon in full blood, it is 
greatly advantageous to be able to describe the flow- 
curves over a wide experimental range of shear- 
by means of two parameters the variation of which 
with capillary radius can then be quantitatively _ 
studied. Such studies would be less interesting for _ 
suspensions of erythrocytes alone than for full blood, 
except that Dr. Haynes evidently finds (private com- 
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munication) no difference in the shapes of the pressure- 
flow curves. 

From the form of Casson’s equation, it is clear that 
it cannot express a fundamental law of flow. For 
example, a reversal of the direction of stress would 
introduce imaginary quantities; but the straight 
lines obtained when the square root of shear-rate is 
plotted against the square root of stress (both at the 
capillary wall) serve our purpose, since any straight 
line ia definable by its slope and its intercept on 
extrapolation to some axis. By ‘yield-value’ is meant 
only the extrapolated intercept of these straight 
lines extended to the stress axis. 

In a second communication, Reiner and Scott 
Blair calculated the curvature which would take 
place if the same equation were to hold for any 
system down to an experimentally determinable 
yield-value. We would certainly not have wished to 
imply that blood has a yield-value in this sense, since 
none of the published results appeared, at the time, 
to cover a low enough range of shear-rates to decide 
the point. 

Since these communications were published, more 
systems have been found to follow Casson’s equation 
(see Heinz), and the extension proposed by us for low 
shear-rates may well be applicable to some of them. 

I am indebted to Dr. R. H. Haynes for his kindness 
in elucidating a number of points in private corre- 
spondence. 

G. W. Scorr Briain 


National Institute for Research in Dairying, 
University of Reading. 
March 22. 
1 Haynos, R. H., Nature, 185, 679 (1980). 
* Casson, a chapter in “Rheology of Disperso Systems’’, edit. by 
Mill, 0. 0. mon Press, London, 1959). 
re G. W., Nature, 183, 618 (1959). 
“Reiner, M., and Scott Blair, G. W., Nature, 184, 354 (1959). 
* Heinz, W., Materiaipruf., 1 (9), 811 (1059). 


METALLURGY 


Optical Properties of Bismuth 


As part of a programme to investigate applications 
of the polarizing microscope to metallography, a 
study has been made using bismuth single crystals. 
The single crystals were prepared from material of 
a purity not less than 99:99 per cent bismuth, by 
controlled solidification from a capillary tube. As a 
check on punty, X-ray measurement of the unit cell 
dimensions gave values of a = 4:5366 kX., o = 
11-8402 kX., indexed on a hexagonal basis. Sections 
of the various crystals were machined flat and 
electropolished!. The orientation of each crystal was 
determined using the polarizing microscope, a few 
of the orientations being checked by X-ray back 
reflexion’. 

The drections of complete extinction (uniradial 
directions) of each section were set at 45° to the 
plane of vibration of the polarizer and the rotation 
of the analyser found which produced extinction in 
monochromatic light. After rotation of the crystal 
on the stage by 90° another measurement of the 
analyser rotation in the opposite sense was obtained. 
The difference between these two measurements gave 
twice the analyser rotation angle. 

Fig. 1 shows the experimental results, using yellow 
hght (5800 A.) with 24, twice the angle of analyser 
rotation, plotted against the angle æ between the 
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"5890 Å 


Onentation by X-rays 





2 30 40 50 60 70 80 80 
g 
Fig. 1. 24A, Amalyser rotation angle x 2; a, par between 


basal plane and plane of section; ~--—-— er pe mene OUurvs 5 
, experimental curve corrected for tor rotation 


G 10 





optic axis and the normal to the plane of section. 
The broken line representa the best curve through 
the experimental points while the solid curve gives 
the true rotations after making correction for the 
rotation due to the reflector slip of the microscope. 
Rotations due to phase differences are included in 
the rotation angles shown in Fig. 1. These rotations 
are small and within experimental error, the maxi- 
mum phase difference at this wave-length being 1-1°. 
Measurements of phase difference and their effects 
are shown in Table 1, the figures in the columns 
headed L being obtained with an elliptic compensator 
in the tube slot of the microscope. 

The reflectivities in the two uniradial directions of 
a crystal with « = 87° were measured using a Cooke, 
Troughton and Simms visual microphotometer 
(Berek type) with a basal section of quartz as a 
standard. The reflectivities at three wave-lengths 
and their ratios are given in Table 1, together with 


Table 1. BISMUTH SINGLE ORYBTAL., SIGN oF cone NEGATIVE. 
OPTIO AXIS [111] INOLINAD 8° TO SECTION SURFACH, a = 87° 


—5 1 |—4 86 


—4'18 |—8 54 
- 1 09° 


0 865 


ratio Gata 
sities) Re*/Ro* 





Refractive Indices measured at wave-length 4863 4861 Å. (A. P. Lenham) 
Optio 
agree pene nem aoa. “68 
Calculated 
Reflectivity ' Bofieotivity PONT ratio Phase difference 
Reti R (A6 ~ Ae) 
sa 19% 85 st 4 —~1-6° 
*Z, a compensator used to measure phase difterence. 
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_ ratios calculated from analyser rotations. The ratio 
of reflectivities calculated from values of the optical 
constants (Lenham, A. P., private communication) 
for the same crystal, ıs wncluded for comparison. 
Measurement of the analyser rotation angle thus 
provides a rapid method of determining the tilt of 
the optic axis ( [0001] on hexagonal indexing, [111] on 
both rhombohedral doscriptions). The accuracy is 
probably limited to about + 5° with standard equip- 
ment, but the method can be used with poly- 
crystalline samples even if the grain size 1s small. 
H. D. MALLON 
I. G. RUNOIMAN 
Metallurgy Branch, 
Royal Military College of Science, 
Shrivenham 


t! Hare, G. A., and Mallon, H D., Metallurgia (in the press). 
* Mallon, H. D., and Wilson, C. G., Brit. J. App. Phys. (in the press), 


Effect of Moisture on Carboxylic Acid 
Adsorption to Steel 


QUALITATIVE evidence has been given! that oils 
compounded with efficient dicarboxylic (alkylated 
succinic acids) rust wnhibitors will not prevent rusting 
at certain low concentrations of the additive. When 
oil at these low concentrations of mhibitor was satur- 
ated with water, however, rust protection was 
obtamed. Von Fuchs attributed this behaviour to 
the chemical reaction of iron with water to form 
ferrous hydroxide, which in turn can react with the 
acidic inhibitor to form a tenacious film of soap on the 
metal surface. Another investigation*®, using stearic 
acid labelled with carbon-14, demonstrated that the 
acid is adsorbed more readily to ferrous surfaces 
from hydrocarbon solution containing entrained 
moisture than from a relatively dry solution. This 
phenomenon of enhanced adsorption to the metal 
surface was explained by Ries et al. as probably 
being due to an increase in the oxide coating produced 
by the presence of moisture. 

In this work ıt was discovered that the adsorption 
could be enhanced not only by moisture in the ou, 
but also by an invisible layer of moisture adsorbed 
on the metal surface prior to application of tho 
oil. This suggested a means of determining the 
mechanism of the water catalysis, since if the pheno- 
menon i8 due to an increage in oxide surface, the 
effect would be observed on a surface originally 
treated with moisture even if 1t were dried thoroughly 
before applying the inhibited oil. 

To determine the relative amounts of carboxylic 
acid adsorbed from an oil solution on to the back surface 
of a polished steel planchet, an alkylated succinic acid 
labelled with carbon-14 was used. Three drops of 
& 0:015 per cent solution of the acid in mineral ol 
were deposited on a planchet surface. After 2 min. 
of contact at room temperature, the oil was blotted 
off thoroughly with filter paper and the radioactivity 
remaining on the planchet determined. This residual 
activity 1s equal to the activity adsorbed to the surface 
plus the activity remaiming in the thin film of oil not 
removable by blotting. Any increase in this total 
residual activity resulting from variations ın prepara- 
tion of the metal surface must be due, of course, to 
increased adsorption of the radioactive specios to the 
surface. Treatment of the polished planchets beforo 
depositing the radioactive oil consisted of exposure 
to @ column of steam for varying periods of time 
ranging from 30 sec. to 4 min. After this exposure, 
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EFFET OF MOISTURE ON ADSORPTION OF AN ALKYLATED 
SUCOINIO ACID ON To SMOOTH STEEL SURFACES 


Table 1. 


Resulting condi- 
tion of surface 


no visible rust none 
120° O. for 3 days 
120° ©, for 8 days 
none 


none 
120° ©. for $ days 
120° ©. for 3 days 


none 
120° C. for 3 days 


incipient rusting 
incipient rusting 
ineipient rusting 
inelpient rusting 
heavy rusting 
heavy rusting 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


SE PSSSSSE. . 
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the visible layer of condensed steam was allowed to 
ovaporate, leaving behind the invisible film of 
adsorbed moisture. Half the metal samples thus 
obtained were immediately treated with inhibited 
oil. The other half were dried in an oven at 120° C. 
for 3 days to remove the invisible adsorbed film of 
moisture, before application of the ou. The results 
of the experiments are given in Table 1. 

It can be seen that even if the surface oxide area 
of a steel specimen is enormously increased through 
exposure to moisture, there is little increase in 
absorption if the surface is dried thoroughly b®fore 
applying the ol. On the other hand, surfaces exposed 
to moisture under conditions resulting in very little 
increase in the surface oxide area will undergo a 
tremendous increase in adsorptive capacity for 
carboxylic acids if the adsorbed layer of water 
molecules is not removed before treatment with the 
acid. The effect of water in increasing the adsorption 
of carboxylic acids from oil solution on to iron 
surfaces 18 consequently not due primarily to an 
increase in the surface oxide area of the metal, but 
rather to diroct participation of the water at the time 
of the adsorption reaction. 

The opinions or assertions contained in this com- 
munication are our own and are not to be construed 
as official or reflecting the views of the Naval Service 
at large. 


M. E. SCHRADER 
J. L. KALINSKY 
Msterial Laboratory, 
New York Naval Shipyard, 
Brooklyn 1, New York. 


1von Fuchs, G. H, “Evaluation and Performance of Turbine Otil" 
A.S.T ML Spec. Tech. Pub. No. 211, 63 (1058). 


t Ries, jun., H. E., Cook, H D., and Loane, O M., “Evaluation and 
Performance of Turbine Oa”, A.S.T M. Spec. Tech. Pub. No. 
211, 55 (1966). 


RADIATION CHEMISTRY 


Chemical Effects of lonizing Radiation 
on Deoxyribonucleic Acid in Dilute 
Aqueous Solution 


WHEN purine and pyrimidine nucleotides in dilute 
aqueous solution are irradiated with ionizing radiation 
they are destroyed by two pathways!. The minor 
pathway is attack upon the sugar moiety followed by 
release of free base’. Details of the mode of sugar 
attack have not been established; but possible ro- 
actions have been suggested by Daniels et al.?. The 


No. 4726 May 28, 1960 


major pathway is attack of the base moiety which 
with purines in the absence of oxygen yields the 
corresponding formamido-pyrimidine nucleotide’. 
When pyrimidine nucleotides are irradiated in the 
absence of oxygen sugar phosphate is liberated, but 
there is no ultra-violet absorbing product arismg from 
base attack. When oxygen 1s present during w- 
radiation G-values (molecules per 100eV.) for 
nucleotide destruction are increased 2-3 times‘. 
For purine nucleotides the increased degradation m 
oxygen is almost entirely an augmented base attack, 
but no ultra-violet product arising from it is found‘. 
When. pyrimidines are irradiated in the presence of 
oxygen hydroxy-hydroperoxides are formed’. @- 
values for destruction of pyrimidmes in the presence 
of oxygen are greater than those for purmes%.* and 
suggest that when deoxyribonucleic acid is irradiated 
pyrimidines will be destroyed to a greater extent. 
Extrapolation of the effects of radiation upon nucleo- 
tides to effects upon deoxyribonucleic acid is com- 
plicated in an uncertam way by the influence of inter- 
nucleotide linkages and hydrogen bonding of base 
pairs. This communication reports the amounts of 
base and sugar destroyed when aqueous solutions of 
calf thymus deoxyribonucleic acid are irradiated. 
‘To determine whether radiochemical changes 
varied with different samples of deoxyribonucleic acid 
the chemical changes were compared after irradiating 
samples of calf thymus deoxyribonucleic acid from 
four separate preparations. Solutions of approxi- 
mately 5 mgm. acid/ml. were prepared with triple- 
distilled water and neutral phosphate buffer added 
(final concentration 10-* M}. Air bubbles were removed 
by cautious evacuation, but solutions were irradiated 
under air. Solutions were irradiated with 15-MeV. 
electrons to a doge of 10° rads. It is assumed that the 
initial 7 x 105 rads use up all dissolved oxygen’ and 
since the dose is delivered within 90 sec. the remaining 
93 per cent of the dose ıs delivered to an oxygen-free 
solution. Samples of control and irradiated solutions 
were hydrolysed in hot perchloric acid and their base 
compositions determined by paper chromatography’. 
The total base change was 10 per cent of the control. 
G-values for bases changed were calculated and are 
given in Fig. 1. There is little variation between 
samples of deoxyribonucleic acid, and thymme is 


08 


086 


G-valuc 


0-2 





Deoxyribonucleic acid sample 


Fig. 1. Ale i for bases destroyed when aqueous solutions of 
bonuoleic acid (5 mgm./mlL) are irradiated 


Cath Te MeV. ce elec Ci, Adenine; O, guanine; A, cytosine; 
@, thymine se oad 
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Deoxyiibonucleic acid sample 


Fig. 2. G-valuos for bases released when aqueous solutions of calf 
thymus deoxyrmbonucleic acid are irradiated with 16-MeV. elec- 
trons in the absence pet sam eo O, guanine; A, 


destroyed to the greatest extent. Perchloric acid 
hydrolysis gives a low value of thymine’, and it 
seemed possible that as irradiated material is degraded 
the yield of thymine may be further lowered, givmg 
an artificially high value for G(-thymime). However, 
when the hydrolysis was repeated with formic acid 
at 175° C., which does not give a low value for thy- 
mine’, G-values were essentially the same as obtained 
after perchloric acid hydrolysis. When samples of 
uradiated deoxyribonucleic acid are run on paper n 
an n-propanol—water solvent® all phosphates remain 
at the origin and free bases can be isolated. Adenine, 
guanine, cytosine and thymme were isolated when 
l-ml. samples of irradiated deoxyribonucleic acid 
were run on paper, and their yields were determined 
from the ultra-violet absorption of their eluates 
(Fig. 2). Amounts of base released, that is, sugar 
attacked, are approximately one-quarter of the 
amounts of base destroyed. G-values for adenine 
and cytosine released are slightly higher than those 
for guanine and thymine. It is not readily possible 
to determine amounts of free base, if any, present 
in the control solution. If any free base is present it 
will only strengthen the conclusion that base attack 
is the major reaction. 

In addition to free bases, 2: 4-diamino-5-form- 
amido-6-hydroxypyrimidine ıs found ın irradiated 
deoxyribonuoleic acid and arises from attack on 
the guanine moiety’. Amounts of 2: 4-diamino-5- 
formamido-6-hydroxypyrimidme are smaller than 
G(-guanine), but are mereased by warming the 
irradiated deoxyribonucleic acid solution, at pH 7 and 
80° C., for 1 hr. It is assumed that attack upon 
guanine yields 2 : 4-diammo-5-formamido-6-hydroxy- 
pyrimidine attached to the sugar by a lebilized 
glycosidic linkage. Attack on adenine forms the 
corresponding formamido-pyrimidine‘, but none 
could be found in the irradiated deoxyribonucleic 
acid. However, amounts of adenine changed are 
small and the formamido-pyrimidine could easily 
escape detection. 

A. solution of deoxyribonucleic acid, concentration 
2 mgm./ml., was irradiated to 1-7 x 108 rads, tho 
solution being kept saturated with oxygen during 
irradiation. Control and irradiated solutions were 
hydrolysed in perchloric acid and the base composition 
determined (Fig. 1). While the total amount of base 
destroyed is 2-5 times greater in the presence of 
oxygen, the relative amounts of each base destroyed 
are approximately the same as when oxygen is absent. 
The @-value for adenine released in the presence of 
oxygen is 0-06, which is close to the value in the 
absence of oxygen. This is consistent with the finding 
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with purme nucleotides that enhancement by oxygen 
is an Increased attack upon the base moiety. 

When tissue is irradiated, 1t is likely that the 
effects of the indirect action will be the same as in 
vittro. Assuming G-values for an aqueous solution, 
irradiation of tissue to a dose of 10* rads will change 
one base in 10‘. If it 1s assumed that cell constituents, 
adjacent to nucleic acid, compete 10 times (or 100 
times) more efficiently than deoxyribonucleic acid 
for radicals there will be one nucleotide changed m 
10° (or 10*) per 10° rads. Damage of this extent 
would be expected to interfere severely with the 
function of the cell. The changes produced in the 
absence of oxygen will be removal of pyrimidines and 
conversion of purines to formamido-pyrimidines. 
Since the latter have labile sugar-linkages the ultimate 
result may be removal of purines. For every four 
bases removed one sugar will be attacked and pre- 
sumably the sugar—phosphate backbone will be 
broken. Oxygen, present during irradiation, will 
increase the amount of base destroyed by a factor of 
2-5, but sugar breakage will be little changed. Thus 
the indirect action of ionizing radiation upon the 
bases of deoxyribonucleic acid seems to be adequate 
to account for observed biological damage and for 
the increase in damage of approximately 2-5 times 
in oxygen, observed for a wide array of biological 

es’. 

The action of alkylating agents on deoxyribo- 
nucleic acid sheds further light on the chemical 
changes in deoxyribonucleic acid which may be 
important biologically. P. Brookes and P. D. Lawley 
(personal communication) have shown that when 
deoxyribonucleic acid is treated with low doses of an 
alkylating agent, guanine is alkylated to a much 
greater extent than the other three bases. Alkylation 
of the guanine moiety labilizes the glycosidic link, 
which is slowly hydrolysed. 

It is interesting to speculate that biological changes 
brought about by alkylating agents and ionizing 
radiation are associated with removal of guanine 
from deoxyribonucleic avid. Further, radiobiological 
changes not produced by alkylating agents may be 
associated primarily with removal of thymine. 

I am indebted to Prof. J. A. V. Butler, who sọ 
kindly supplied samples of calf thymus deoxyribo- 
nucleic acid, and gratefully acknowledge financial 
support by the William Shepherd Fellowship. This 
investigation has been supported by grants to the 
Chester Beatty Research Institute (Institute of Cancer 
Research : Royal Cancer Hospital) from the Medical 
Research Council, the British Empire Cancer Cam- 
paign, the Jane Coffin Childs Memorial Fund for 
Medical Research, the Anna Fuller Fund, and the 
National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 


G. Hems 


Chester Beatty Research Institute, 
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CHEMISTRY 


The Tesla-coil Method for producing Free 
Radicals from Solids 


Most of the methods in current use for producing 
radicals from erystalline solids for study by electron 
spin resonance involve the use of high-energy radiation 
and therefore require comparatively expensive and 
elaborate equipment. Papazian? showed that 
several substances, including hydrazoic acid and 
methyl iodide, condensed from the vapours at liquid- 
nitrogen temperature developed colour when sparked 
with a Tesla-coil; this was attributed to free-radical 
formation. Usmg the electron spin resonance tech- 
mque we have found that radical concentrations as 
high as 10'8/gm. (approximately 10-3 mole 1.-') can be 
obtamed by applying the discharge from an ordinary 
vacuum leak-tester to finely ground crystals of many 
organic substances contained in partially evacuated 
electron spin resonance specimen tubes. For low- 
melting solids, for example some vinyl monomers, 
the following procedure is sometimes convenient. 
The degassed liquid is frozen in a thin layer on the 
walls of the evacuated tube, which is then cooled to 
— 195° C. and vibrated vigorously. ‘The crystals are 
thus detached from the walls and deposited 10 a fine 
powder at the bottom of the tube. A suitable gas 8t @ 
presure of about 0-1 mm. mercury 18 admutted ‘and 
the probe of the Tesla-coil applied in the neighbour- 
hood of the crystals, the tube being maintained at a 
low temperature and preferably vibrating. With 
high-melting solids ıt suffices to grind the crystals 
finely in a mortar before introduction into the 
specimen tube. Nitrogen, hydrogen, argon and oxygen 
have been used, in order of decreasing effectivenees. 
The presence of a gas is desirable but not absolutely 
essential. The spectrum obtained is independent of 
the nature of the gas. Radical concentrations of the 
order of 10-4 mole L.-} are often produced in a few 
seconds by this technique. Substances examined 
include glycine, diketopiperazine, acrylamide, potas- 
sium and lithium methacrylates, acrylic, methacrylic, 
n-butyric and itaconic acids, acrylonitrile and poly- 
acrylonitrile, all of which gave strong radical spectra. 
Surprisingly, a negative result was obtained with 
azo-bte-tsobutyronitrile. The radicals from these 
compounds show widely differmg thermal stabilities 
and reactivities towards oxygen. 

Methacrylic acid was selected for further study. 
The spectra obtained were identical to those produced 
by y-irradiation of methacrylate polymers*. The 
limiting radical concentration which could be obtained 
with prolonged excitation by the Tesla-coil at about 
— 195° C. was approximately 10>? mole 1-?. It is 
interesting that this value is within an order of magni- 
tude of the number of radicals in a unimolecular layer 
on the surface of the crystals (estimated from simple 
microscopic examination of the crystal size), and we 
believe that the radicals formed with excitation 
by the Tesla-coil reside mainly on the surface initially. 
In agreement with this ıt was found that at — 78°C. 
the radicals react with oxygen to form new radicals 
with an asymmetric spectrum of the type given by 
ROO: (ref. 4) in a time too short to permit obser- 
vation with the present apparatus, that is to say, 
within 30 sec. On the other hand, the reaction with 
nitric oxide at a pressure of 17 mm. mercury at the 
same temperature is comparatively slow, with a half- 
life of about 1 hr. 
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Fig. 1. Decay of surface radicala on mothacryhe acd crystals 

at various temperatures. Scale of radical concentration is 

arbitrary, but 30 unt units = 107? mole L~!, approximately. Different 
symbol are used to distingnish between rent experiments 


On warming @ specimen contaming the initial 
radicals to 0° O. for 5 min. the radical concentration 
decays to the limit of detectability (10-* mole 1.-? 
approximately). The effects of warming to various 
temperatures between —195° C. and 0° C. are shown 
it Fag. 1. The abscissa represents the total time at the 
appropriate temperature ; spectra were always taken 
with the specimen at —195°C. At each temperature 
there is an initial comparatively rapid decay to an 
almost stationary value, and is found to be inversely 
proportional to the ternperature. 

The dotted curve shows the result of an experiment 
at two temperatures. After excitation by the Tesla- 
cou, the tube was warmed for 24 min. to ~—60° ©. 
to achieve the stationary concentration at this 
temperature, and then warmed to —20° C. for 
successive short periods. This treatment resulted in a 
decay in radical concentration to the stationary 
value for — 20° C. 

Thege results are understandable if the radicals 
on the surface of the crystals are mmmobile at — 195° C, 
but became progressively mobilized as the temperature 
is raised. Such would be the case if the energies 
binding the radicals to the surface were distributed 
over & wide spectrum. Possibly the radicals are not 
entirely monomeric; the mobility would then 
depend on the degree of polymerization. 

With repeated excitation by the Tesla-coil at 
— 195° C. and warming to 13° C. a high radical con- 
centration (10-3 mole l-1) may be built up. These 
radicals are stable at 13° ©., but react rapidly with 
oxygen. It would appear that a surface polymeri- 
zation had occurred in this experiment, producing 
large immobile radicals. In @ similar experiment 
with n-butyric acid no such effects were observed. 

These experiments illustrate some of the possible 
uses of this simple technique, which may have 
applications not only in the study of free radicals, 
but also in the investigation of surface reactions. 

C. H. BAMFORD 
A. D. JENKINS 
J. C. WARD 
Research Laboratory, Courtaulds, Ltd., 
Maidenhead, Berks. 
1 Papazian, H. A., J. Okem. Phys., 27, 818 (1957). 
t Papasian, H. A., J. Chem, S 29, 448 (1958). 
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ae Be Jy Mavi Pe Ta. 54, Ae (1967), E a 
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Polymerization of Crystalline Methacrylic: 
Acid initiated by Ultra-violet Radiation- 


Ix recent years it has been shown that a number ` 
of crystalline vmyl monomers polymerize when 
irradiated by y-rays’* or high-energy electrons’. 
However, there appesrs to be no report in the litera- 
ture of the ultra-violet initiation of solid-state poly- 
merization, although this process could, in principle, 
facilitate elucidation of the mechanism of the reac- 
tion. 

We have found that crystallme methacrylic acid 
(m.p. 16° C.) may be polymerized by radiation from a 
high-pressure mercury are using a quartz optical 
system, or with azo-bts-tsobutyronitrile as phate: 
sensitizer using a ‘Pyrex’ glass system. In these 
experiments the crystals had a water content of 
approximately 0-01 per cent w/w; the presence of 
some water appears necessary for polymerization, at 
least in the sensitized reaction. In this latter case 
the rate falls off after a comparatively small con- 
version which increases with the concentrations both 
of the sensitizer and water at 13° C. On the other 
hand, the unsensitized reaction is autocatalytic in 
the early stages and may ultimately lead to complete 
conversion. 

The rate in the early stages of the sensitized 
reaction is proportional to the first power of the 
light intensity and of the concentration of sensitizer. 
Measurements of the kinetic chain-length made 
using sensitizer labelled with carbon-14 (4:3 x 
10-3 mole 1.-!) give values of approximately 700 in the 
early part of the reaction, substantially independent 
of the light intensity. This corresponds to a rate of 
chain starting of 6-0 x 10-* mole 1.-! sec.-1 under our 
standard ‘high-intensity’ conditions, and a rate of 
polymerization of 3-5 x 10-* mole 1.-! sec... Under 
the same conditions the decomposition of the sensi- 
tizer was followed by observing the nitrogen evolution, 
and thus the efficiency of initiation was estimated. 
It turns out to be approximately 0:5, that is, not 
very different from that found in liquid-phase poly- 
Merizetions. 

After irradiation radicals can be detected in the 
frozen. mass by electron spin resonance. Their con- 
centration increases with the period of irradiation, 
and also strongly with the sensitizer concentration. 
In the range of sensitizer concentrations studied 
(up to 1:3 x 10-? ml.) only a small fraction of the 
total radicals produced by the light—approximately 
10 per cent—-become permanently trapped. These 
radicals are stable for long periods at 0° or 13°C., 
no detectable change occurring during 17 hr. at 0°C. 
The permanently trapped radicals are apparently 
located in sites unsuitable for further propagation, 
since no after-effect could be detected even in periods 
up to 17 hr. at 18°C. The spectrum of the radicals 
is the same as that observed in y-irradiated methacryl- 
ate polymers by Abraham, Melville, Ovenall and 
Whiffen’. On admission of oxygen the spectrum 
changes to the asymmetric type shown by ROO: 
radicals’. 

When irradiation is carried out in the presence of 
oxygen which is admitted to the system after 
crystallization is complete the polymerization pro- 
ceeds normally. Since the liquid-phase photopoly- 
merization is strongly inhibited by oxygen the 
propagating radicals in the solid must be inaccessible 
to oxygen. On the other hand, the ntly 
trapped radicals appear to be situated on the surface 
of the solid. 
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The degrees of polymerization of the polymers, 
determined viscometrically, varied in a rather erratic 
_manner, but were generally around 4,000, inde- 

pendent of the rate of initiation. Since this value 
is considerably greater than the kinetic chain-length, 
the polymers must be markedly heterodisperse, 
perhaps owing to the fact that the sensitizer in those 
experiments was not uniformly distributed through- 
out the specimens. The crystals were prepared by 
freezing solutions of the sensitizer in the liquid 
monomer, and it was shown by ultra-violet absorption 
measurements that the first crystals to separate 
contained a relatively low concentration of sensitizer. 

The above experiments do not establish that 
propagation through the crystal lattice occurs. The 
actual locus of polymerization is being determined by 
irradiating both large single crystals and thin crystal 
layers coupled with microscopic observation. Pre- 

imi results indicate that the polymerization is 
at least partly a phase-boundary reaction. 
C. H. BAMFORD 
A. D. Janxins 
J. ©. Warp 
Research Laboratory, Courtaulds, Ltd., 
Maidenhead, Berks. 
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A Monte Carlo Equation of State for 
Mixtures of Hard-Sphere Molecules 


Pgoarsss in the theory of mixtures is limited by 
the lack of adequate approximate solutions of the 
classical many-body problem. Thus at densities 
greater than those appropriate to the virial expansion 
no satisfactory estimate of the properties of mixtures 
is possible. However, the Monte Carlo method 
enables the evaluation of the many-dimensional 
configurational integral to be performed by a sampling 
procedure. The method is applicable to any form of 
intermolecular potential. 

The preliminary investigations of the properties of 
mixtures were made on mixtures containing two 
types of hard-sphere molecules with a ratio of dia- 
meters og/c,g = 1:667. Systems of 32 and 64 mole- 
cules were studied, the molecules being confined in 
& cubic space by means of periodico boundary con- 
ditions!-*. Initially the two species of molecules were 
distributed randomly on a face-centred or simple 
cubic lattice. New configurations were generated by 
moving one particle at a time, and the results analysed 
in terms of three cumulative distribution functions, 
corresponding to the three types of moleoular inter- 
action in the mixture. A check of the method, using 
‘mixtures’ of molecules of equal size, showed internal 
consistency among the distribution functions and 
good agreement with the results for single-component 
systems obtained by Wood and Jacobson‘ and Alder 
_ and Wainwright*. In the case of mixtures the validity 

of the method was examined by comparing the 
results obtained from systems with different numbers 
of molecules and with differing distributions of the 
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8 0-2 0-4 0:6 0-8 o 
1/7* 
Fig. 1. pY/RY as a function of 1/V* for an equimolar mixture of 
hard spheres for which og/ag = 1 667. The lower line (¥) repres- 
ents the results of the virial expansion and the upper line (4f) 
18 that obtained from the Monte Carlo caloulations 


two species on the initial lattice. The agreement is 
illustrated by the following values of pV/RT for an 
equimolar mixture at a reduced density, 1/V*, of 
0-5: 32 molecules, 2-95; $2 molecules, initial 
distributions interchanged, 3:07; 64 molecules, 3-01 ; 


1 N a Oa? + N op? 
. 7a 8 defined as oe 
where N, is the number of molecules of type a and og 
is their diameter. V is the volume of the system. 

Fig. 1 shows the equation of state for molecules of 
the given size ratio in an equimolar mixture over a 
range of density. The lower curve represents the 
resulta obtained from the virial expansion’, which are 
consistent with the Monte Carlo results at lower 
densities but deviate markedly at higher densities. 

A full investigation is now being undertaken to 
determine the effect of different size ratios and to 
examine the thermodynamic properties of mixtures 
of varying composition. 

The calculations were performed on the Ferranti 
Mercury computer at the Computing Laboratory, 
University of Oxford. Considerable computing time 
has been required, and we wish to thank Miss 8. A. 
Tilley for her interest and assistance. 

E. B. Sucre 

Physical Chemistry Laboratory, 

K. R. LEA 
Clarendon Laboratory, 
University of Oxford. April 12. 
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Spectroscopic Applications of Photographic 
Emulsion Mosaics 


A COMPREHENSIVE spectral survey over as wide a 
wave-length range as possible is a frequent early 
requirement during spectroscopic studies of terrestrial 
and astronomical light sources. Such surveys are 
often mado with low-dispersion prism spectrographs, 
and sometimes with grating instruments. 

The availability of Kodak O to Z emulsions! 
(and similar emulsions of other manufacturers, for 
example Ilford Q emulsions), each sensitized to have a 
maximum response in & different wave-length region, 
enables a spectroscopic survey to be made by a 
sequence of separate exposures of different emulsions, 
each selected on the basis of wave-length range of 
maximum sensitivity. In cases where only one 
exposure is possible or practicable (for example, to 
transient and/or very feeble light sources) one 
specific emulsion (for example, 1—N or 103 af) is 
often used as the most acceptable compromise for 
high sensitivity over as wide a wave-length range as 
possible. The inherent variations in the sensitivity 
of a single emulsion over the wide wave-length range 
often give rige to non-uniformly exposed plates. 

Tho availability of the Kodak emulsions on films, 
however, makes it possible to assemble mosaics made 
up of two or more segments of different emulsions, 
each pasily cut to a length specific to the wave-length 
range of its maximum sensitivity. For example, the 
“Kodak Date’ book! specifications of relative 
emulsion sensitivity (defined therein as the reciprocal 
of the exposure to t radiation in metre 
candles seconds which will produce a density of 0-6 
above gross fog when the material is developed for the 
recommended time in Kodak developer D-19) show 
that & mosaic of optimum sensitivity to 9000 A. may 
be assembled by using type O emulsion to 5000 Å., 
type F emulsion between 5000A. and 7000A., and 
type N emulsion between 7000 Å. and 9000A. In 
addition, the range of optimum sensitivity can be 
extended, if required, to 12,000 A. b using hyper- 
sensitized Af emulsion between 9000A. and 9800 À., 
hypersensitized Q emulsion between 9800A. and 
10,200 A., and hypersensitized Z emulsion between 
10,200 A. and 12,000 A. 

The gain in sensitivity obtained by the use of an 
optimum emulsion mosaic in place of a single emulsion 
is illustrated in Fig. 1, compiled from individual 
sensitivity curves given in the “Kodak Data” book. 
An emulsion mosaic assembled in the manner specified 





8000 5000 7000 9000 11,000 18,000 
Wave-length (A.) 
Fig. 1. Relative sensitivity of Kodak emulsions and optimum 


sensitivity of emulsion mosaic (solid curve) 


NATURE 


716 


above is a detector the sensitivity of which as a 
function of wave-length is an envelope of the in- 
dividual curves of Fig. 1. The response of O emulsions 
is not given in the “Kodak Date” book below 4000A., ` 
but, as is well known, O emulsions perform adequately 
between 2000 A. and 5000 A. The mosaic sensitivity 
can be extended to shorter wave-lengths by use of 
liford Q emulaions or other Schumann type emulsions. 

The practicability of using emulsion mosaics has 
been tested by using segments of 103-a0, 103-aF, 
and 1~N 16 mm. film in conjunction with Hilger 
medium quartz and medium glass spectrographs. A 
flexible rectangular brags plate (10 in. x 4 in.), to 
which brass guides were attached to hold the film 
segments, was used in the spectrograph plate holder 
in place of the usual glass plate. Each segment of 
film, of a length appropriate to its wave-length range 
of maximum response, was cut with slightly oblique 
ends, which matched those of its neighbours. In this 
way no spectral features were lost at the boundaries 
between segments. The mosaic, and separate strips of 
O, N, and F film equal in length to the mosaic, were 
exposed for equal times to a microwave discharge 
through carbon dioxide the spectrum of which is rich 
in carbon monoxide features over the entire wave- 
length range of each spectrograph. In contrast to 
the abrupt variations in exposure obtained along each 
of the single emulsions, a relatively uniformly exposed 
spectrum was obtained in each case on the mosaic as 
expected. 

The invaluable assistance of Mr. G. E. Beale, jun., 
in this work is gratefully acknowledged. 

R. W. Nronorts* 
National Bureau of Standards, 
Washington, D.C. 


* Tam on leave of abeenco from Department of Physics, 
University of Western Ontario, London, Canada. 
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Nature of Cupric Alkanoate Solutions 


Taar the cupric salts of alkanoic acids occur in 
the solid state in the form of dimeric molecules is 
shown by van Niekerk and Schoening’s X-ray 
analysis of cupric acetate hydrate (I, R = CH,, 
L = HOY and by Martin and Waterman’s magnetic 
studies of the acetate and some higher homologues in 
hydrated and anhydrous forms?. Tsuchida and 
Yamada have shown that a further characteristic of 
this structure is the occurrence of an absorption band 
about 375 mu, polarized in the copper—copper axis, in 
addition to the usual ‘copper band’ about 700 mp3, 





716 


- Martin and Waterman extended their observations 
.to the dissolved state and showed that the dimeric 
“ structure ‘persisted m dioxane solution, arguments 
from the magnetic properties bemg supported by 
eryoscopic measurements of molecular weight and 
the appearance of an absorption band about 375 mu. 
Since the anhydrous compounds were found to be 
insoluble in non-donor solvents (though some of the 
higher homologues became dispersed), the species 
present in solution were presumably dioxane solvates 
(I, L e O,H,0,). 

Further evidence of the existence of dimeric 
molecules in solution is provided by a study of the 
distribution of cupric propionate between water and 
chloroform in the presence of propionic acid’, disg- 
tribution constants of the form : 


| [Culaqueons phase 
/[Culorci, phase 
being interpreted in terms of the partition equilibrium: 
2 CuPrt + 2 Pr- =|} Cu,Pr, 


Table 1. DISTRIBUTION CONSTANT AND PROPIONIO AGID CONCENTRA- 
TION 


(CoP) 
Goole ) 0:089 0 089 0 055 0:055 0:055 0:077 0-077 0:077 
(mole/l.) 0°14 0'20 0-115 020 029 O16 028 O44 
: . ‘45 0°38 0'32 0:43 0'84 0-28 
k/[HPr] 017 0:15 015 0:17 0°17 017 0-18 0'19 
Variation of the values of k with propionic acid 
concentration was attributed to the suppression of 
hydrolysis, but it is now suggested that this variation, 
which can be expressed in the form : 


bij 

V/[HPr] 

(Table 1), shows that the cupric propionate is dis- 
solved in the organic phase, not as tnsolvated 
molecules but as the propionic acid solvate (I, R = 
CH, L = C,H,COOH), thus accounting for the 
insensitivity of the absorption spectra to changes of 
the extracting solvent. The partition equilibrium 
now becomes : 

20uPrt + 2Pr- + 2HPr > Cu,Pr,(HPr), 

Since the anhydrous cupric alkanoates are insoluble 
in non-donor solvents, further evidence for solvation 
by the free acids was sought by determining their 
solubilities in chloroform in the presence of free acid. 
Table 2 shows the solubilities (determined iodi- 
metrically) of anhydrous cupric acetate, tsobutyrate 
ae crotonate in the presence of the corresponding 
acids. 


Table 2, SOLUBILITY AND FREE AOID CONCENTRATION (AT 25° 0.) 


Acetate 1soButyrate Crotonate 
[Cu] 
[HA] 
r 09I 0-0047 0-052 
0-864 0: 

0:781 0:0843 0 047 | 0-725 
1°88 06-0858 0 04 


[Cu] 
[HA] 
0 0400 13) 0 bert 0074 
0'046 j 0174 00 0 074 
0:045 | 0-352 0 -0239 0 068 


0-052 | 0:713 00433 6 061 
0-039 


pat [Ou 
[EA] mole/i. mole 


[HA 


mole 


[Cu 


te aa nals mole/i. mole 


As the free acids are known to be mainly dimeric 
in chloroform solution, the lmear relationship between 
solubility and free-acid concentration shows that the 
- dissolved species is the solvated dimer in accordance 
with the equilibrium : 


Cud, + (HA), = Cu,A,(HA), 
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All these solutions have absorption bands at 
875 mu (£ ~ 200 per atom of copper) and 375 my. 
{£ ~ 60 per atom of copper). The band at 675 my is 
sensitive to changes of solvate, addition of pyridine 
causing a shift to 710 my and of dioxane to 655 mu 
(as found by Martin and Waterman in dioxane 
solution). The wide occurrence of the solvated dimeric 
structure In solution is shown by the observation of 
this pattern of absorption by the cupric compounds 
of the following acids: acetic, propionic, butyric, 
tsobutyric, n- and t#so-valeric, pivalic, caproic, octoic, 
lauric, stearic, 8-chloropropionic, 8-phenylpropionic, 
phenylacetic and crotonic. 

Tho resistance of cupric formate to the formation 
of the dimeric structure has been studied by Martin 
and Waterman’, who observed the characteristic 
absorption pattern i in 90 per cent aqueous formio acid 
solution and in formic acid/acetone, the absorption 
bands being at 360 mp, 745 mu and 375 muy, 675 my 
respectively. It now seems probable that the latter 
solution contains the formic acid solvate (L, R = H, 
L = HCOOH) and not, as they suggest, the acetone 
solvate and that the former contains a mixture of this 
with hydrated monomeric species. 

D. P. GRADDON 
Inorganic Chemistry Department, 
University of New South Wales, 
Sydney. e * 
1 van Niekerk, J. N., and Sohooning, F. B. L., Nature, 171, 86 (1958). 
4 Martin, R. L., and Waterman, IL, J. Chem. Soc., 8545 (1957). 
* Tsuchida, R , and Yamada, S., Nature, 176, 1171 (1965). 
“tee R., Yamada, 8., and Nakamura, H., Nature, 181, 479 
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Acetylation of 4-Quinazolone 


Tum sodium salt of 4-quinazolone! is known to give 
3-substituted derivatives on alkylation}. In the hope of 
preparing 3-acetyl-4-quinazolone, the sodium salt of 
4.quinazolone was subjected to acetylation. When 
carefully dried sodium salt of 4-quinazolone was 
made to react with acetyl chloride in dry dioxane, a 
colourless crystalline compound O©,,H,0,N,, was 
isolated. The same derivative was obtained by 
refluxing 4-quinazolone with large excess of acetic 
anhydride. Extreme care was necessary in excluding 
water during the preparation and purification of this 
compound. 


i 0-COCH, 
5 
E Q O; a 
2 
Ji Go 
YY Y 


I IT 


The new compound has high lability towards water. 
Slight trace of water in the solvent or exposures to 
moist air decomposed it into 1 mole of 4 quinazo- 
lone and I mole of acetic acid even at room tem- 
perature. 

The reduction of this labile compound with lithium 
aluminium hydride gave 4-quinazolone in good yield. 
As an N-acetyl group would be expected to give an 
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N-ethyl group and an O-acetyl group would be 
de-acetylated, the results-of the lithium aluminium 
hydride reduction imply that the labile derivative is 
4-acetoxyquinazoline (IL). 

: R. Mirza 

Akers Research Laboratories, 
Imperial Chemical Industries, Ltd., 
Welwyn, Hertfordshire. 
April 19. 

} Hiderfield, BR. O., “Heterooyollo Chemistry”, 6 (Wiley, 1958). 


BIOCHEMISTRY 


Development of 5-Hydroxytryptophan 
Decarboxylase Activity in Rat Kidney 


THe studies of Udenfriend and his co-workers! 
indicate that tryptophan is first oxidized to 5- 
hydroxytryptophan and then decarboxylated, result- 
ing m the formation of 5-hydroxytryptamine. The 
latter reaction requires the presence of a specific 
enzyme, 5-hydroxytryptophan decarboxylase*. The 
purpose of the present communication is to describe 
the development of this enzyme system in the kidneys 
of fostal, new-born, and adult rats. . 

In these experiments, albino rats of the Sprague- 
Dawley strain were used. All animals were killed by a 
gharg blow on the head and bled from the neok. 
The kidneys were removed and homogenized in 
4 ml. of distilled water with a Potter—Elvehjem tissue 
grinder. Enzyme activity of kidney and adult 
rats was determined individually. In the case of 
rats younger than 21 days of age, the kidneys from 
litter mates were pooled and homogenized in 3 ml. of 
distilled water. The incubation mixture, consisting 
of 10 pmoles of 5-hydroxy-p1-tryptophan (Sigma 
Chemical Company) in 2:7 ml. of 0-1N sodium 
pyrophosphate buffer, pH 8-0, was first gassed with 
nitrogen for § min. After agitation with nitrogen for 
10 min., 0°3 ml. of rat kidney homogenate was added 
and the mixture was shaken in a nitrogen atmosphere 
at 38°C. in a Dubnoff metabolic incubator for a 
period of 2 br. The reaction was stopped by the 
addition of 3-0 ml. of 10 per cent trichloracetic acid. 
After centrifugation, 3:0 ml]. of the supernatant was 
removed, and the 6-hydro tamine formed was 
determined by the colorimetric method of Udenfriend 
ci al.’ All the experiments were carried out in 
duplicate. The results were expressed as umoles of 
5-hydroxytryptamine formed per 100 mgm. dry 
weight of kidney per hr. 

Table 1 shows the 5-hydroxytryptophan decarboxyl- 
ase activity of kidneys of rats of various ages. The 
results indicate that the enzyme was inactive in the 
footus and shortly after birth, and gradually increased 
to adult-levels over a period of several weeks. 


Tablel. KIDNEY 6-HypROXYTRYPTOPHAN DEOCARBOXYLASE ACTIVITY 
IN RATS OF DIVRRRENT AGES 





+ aean values 
mgm 
¢ 1-8 days before term. 


expressed 


as umoles 5-hydroxytryptamine formed 
. of dry weight of 


dneys per hr, 
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Buzard and Nyitch* have shown that pyridoxal 


Soa 


phosphate is a co-factor for rat kidney 5-hydroxy- - 


tryptophan decarboxylase. The possibility that the, 


“ya k 


low activity of this enzyme in fætal and new-born rat ' 


kidneys may be caused by a deficiency of this co-factor 
was tested by adding 0-1 and 0-8 umole pyridoxal 
phosphate to the incubation mixture. Table 2 shows 
that although excess amounts of pyridoxal phosphate 
increased the formation of 65-hydroxytryptamine 
two- to three-fold in the older and adult rat kidney 
homogenates, as has previously been reported‘, the 
addition had only a minimal effect in the fostal and 
new-born homogenates. This was also tested in vivo 
by the intraperitoneal injection of 50 mgm. of 
pyridoxine hydrochloride to a pregnant rat three 
days prior to delivery. Assay of 5-hydroxytryptophan 
decarboxylase in the new-born rat kidney homogenate 
in this litter failed to show any demonstrable enzyme 
activity. 

Table 2. H¥vROT OF PYRIDOXAL PHOSPHATH SUPPLEMENTATION UPON 

5-HYDROXYTRYPTOPHAN DEOARBOXYLASH ACTIVITY 


5-Hydroxy tryptophan decarboxylase activity* 


Without OluMPP |; 08uM PP 
supplementation added added 


0 09 
0°19 


Oooo 
Bin coma ne oes 


0 
0 
0 
0°40 
0 44 
0-83 
0 78 
0 +65 
1-84 
0-82 
0 65 
0-69 


pet DD GO I oe 





* Mean values expressed as umoles of b-hydroxytryptamine formed 
per 100 mgm. dry weight of kidneys per hr. 


Finally, reports have appeared showing the 
inhibition of 5-hydroxytryptophan decarboxylase 
by carbonyl reagents, metal chelating agents, cupric 
ions, phenylalanine derivatives, substituted indoles 
and norepinephrine. Because of this possibility, 
mixture experiments using rat kidney homogenates 
were carried out with the following results, expressed 
in terms of 5-hydro ine formed : 
fostal homogenate, 0; 0-15 ml. fetal and 0:15 ml. 
adult mixed, 0-40 umole; and 0-3 ml. adult, 1-06 
umoles. In order to rule out the possibility of non- 
protein inhibitors, rat kidney homogenate from a 
young animal was boiled at 100°C. for 3 min. The 
supernatant had no effect on the 5-hydroxytryptophan 
decarboxylase activity in adult rat kidney. While this 
does not positively rule out the possibility of an 
inhibitor, the evidence would seem to suggest that 
the low activity of 5-hydroxytryptophan decarboxyl- 
ago activity in footal and new-born rat kidney probably 
represents a low inherent activity of the enzyme itself*. 

A deficiency of 5-hydroxytryptophan, decarboxylase 
in the foetal rat kidney is of interest because of the 
part the enzyme plays in the central nervous system. 
For example, Amin et al.’ have shown the synthesis 
of 6-hydro ine from its immediate pre- 
cursor 5-hydroxytryptophan and that it is stored in 
particular regions of the grey matter of the brain’. 
In animal experiments, Feldberg and Sherwood? have 
described characteristic changes in behaviour following 
the injection of 65-hydroxytryptamine into the 
cerebral ventricles. The inhibition of 6-hydroxy- 
tryptophan decarboxylase by phenylalanine metab- 
olites has also been demonstrated tn vittro’. This 


0-3 ml. - 


fad 
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may in part account for the lowered levels of circu- 
lating 5-hydro ine and urinary 5-hydroxy- 
indoleacetic acid in patients with phenylketonuria. 
The pattern of development of this enzyme system 
in the fostal brain and the part this may play in the 
central nervous system in phenylketonuria is being 
explored. 

In any event, the decreased activity of 5-hydroxy- 
tryptophan decarboxylase in fostal and new-born rat 
kidney can now be added to the growing list of 
enzyme deficiencies in the new-born period’, ‘which 
now includes glucose-6-phosphatase, glucuronyl trans- 
ferase, histidase, and the hepatic tyrosine oxidation 
and phenylalanine p-hydroxylase system. 

Acknowledgment is made of grants by the U.B. 
Public Health Servico M-2630, and the Minois 
Mental Health Fund. 
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Non-Enzymic Reactions of {ndoles with 
Coenzyme ! 


In the course of studies of possible enzymically 
catalysed reactions of coenzyme I (diphospho- 
pyridine nucleotide) with 6-OH-tryptamine (sero- 
tonin), tryptamine and tryptophan’, it was observed 
that these indoles react non-enzymically with 
coenzyme I. Thus, when 5-OH-tryptamine was added 
to a solution of coenzyme I, an intense yellow 
coloration appeared. and tryptophan 
also reacted in the same manner, but larger concen- 
trations of the latter substances were required in 
order to give the samo intensity of colour. Spectral 
characteristics of the coloured materials are shown in 
Fig. 1. 

The intensity of the colour developed (in the region 
450-310 my) depended on the pH, the concentration 
of coenzyme I and the concentration of the indoles. 
At very low pH values, interaction occurred only to a 
very limited extent, as judged from the intensity of 
the colour. In the pH range 4-8, differences in the 
colour intensity of equally concentrated reaction 
mixtures were very small. At higher pH values, and 
with serotonin as a reactant, the intensity of the 
eolour developed increased rapidly. Although 
formation of the coenzyme I- ine complex 
rendered this base soluble even at pH values above 
the pK’ (about 9-7) for the protonation of its aliphatic 
amine, it was difficult to carry out quantitative work 
with tryptamine in this pH range (that is, above pH 
9-0). With to the dependence of the colour 
intensity on the concentration of the reactants, Beer’s 
' law was followed within a wide range of variation of 
the concentration of either reactant. N-methyl- 
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Fig. 1. Interactions of indoles with coenzyme I (DP. dQ); 
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N-methyl-nico * and adenoaine-5’-phosphate ( 


). These thres compounds were used at concentrations of 
“moles per ml. Spectral lines in the absence of indoles correspond 

to erences (absorbancies) between the absorbance of b 
solutions of the threes compounds (experimentals) and the absorb- 
ance of the buffer alone (blank). The various indoles were used 
at concentrations of 20 wmoles per mL tral lines in their 
erences (absorbanoles) T the absorb- 


pounds apemon the 

uffered Indole solutions (blanks). Al systems were buffered with 
tris-hydroxymethylamin thane/hydrochloric amd at pH 7'8 
(400 xumoles por ml). Absorbancles were taken with a DK, 
kman spectrophotometer 


nicotinamide was found to react in a similar manner 
as coenzyme I with the indoles. 

The experimental evidence indicates that a prob- 
able site of reaction of the indole nucleus is the 
pyrtrolic nitrogen in its deprotonated form. The rise of 
the reactivity of the indoles with increasing pH 
(see above) further supports this view. Apparently, 
the pyrrolic nitrogen of the indoles acts as a nucleo- 
philic agent, attacking an electrophilic centre in 
coenzyme I. ‘The participation of the pyridine 
moiety of coenzyme I in the reaction is indicated 
by the similar reaction observed with N-methyl- 
nicotinamide. In analogy to known reactions of 
pyridinium structures (for example, coenzyme I) 
with ẹ number of nucleophilic agents like cyanide?,’, 
carbonyl compounds‘, imidazoles‘, eto., the reacting 
sito of the nicotinamide moiety of coenzyme I is 
probably C4. However, in addition to changes in the 
visible and near ultra-violet region, the reaction 
mixtures exhibited also profound changes in the far 
ultra-violet region. of the spectrum. For example, the 
theoretical absorbancy of a coenzyme I solution 
containing 5 ymoles per ml. at 260 mu would be about 
90:000 (ref. 6). As shown in Fig. 1, I, the value 
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obtained when a coenzyme I-tryptamine solution was 
read against an equally concentrated solution of 
tryptamine was about 0-370, corresponding to a 
decrease of approximately 243 times. The theoretical 
absorbance of a tryptamine solution containing 20 
moles per ml. at 260 mp would be about 65-000. 
This creates difficulties in explaining the drop of 
absorbancy solely on the basis of changes of the 
a in the coenzyme J-tryptamine mixture. Since 

similar changes in the far ultra-violet spectrum are 
also observed in adenosine-5’-phosphate—tryptamine 
mixtures (Fig. 1, IV), the adenine moiety of coenzyme 
I seams to be involved i in these interactions. 

Attempts to isolate the products (complexes) of 
these interactions and study their properties are now 
in progress. 

This work was supported in part by Grant No. 
H-2436 from the National Institute of Allergy and 
Infections Diseases, National Institutes of Health, 
United States Public Health Service, Grant No. 
G-7644 from the National Science Foundation, 
Washington, D.C., and Grant No. P-241 from the 
American Cancer Society, Inc. 
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Nonulosaminic Acid (Sialic Acid) 
in Protists 


NONULOSAMINIO ACID, & group of simple and sub- 
stituted 9-carbon sugars containing nitrogen, was 
thought restricted to mammals until it was found in 
the supernates of Escherichia colt and Ottrobacter 
Jreundis cultures, but not in the supernates of Sal- 
monella, Shigella, Pneumococcus or Baotllus cultures’. 
Nonulosaminic acid has now been found in the cells 
of E. colt, Netsserta meningitidis, Salmonella dahlem, 
and S. djkaria‘. 

We have examined thirty species of protista for 
nonulosaminic acid. A minimum of 100 mgm. of cells, 
dried at 60° C., were hydrolysed in 1 N sulphuric acid 
for 1 hr. at 100° C. and at a concentration of 10 per 
cent (w/v): 0-2 ml. of the hydrolysate was analysed 
for nonulosaminic acid by the Warren method’. 
Presence of nonulosaminic acid was confirmed by 
descending paper chromatography of the Warren 
chromophore with 10 per cent ethanol in water as 
solvent. The interfering deoxyribose chromophore 
remains at the starting line and fluoresces white with 
a Wood’s lamp; the nonulosaminic acid chromo- 
phore, Ry 0-11, fluoresces pink. 

Nonulosaminic acid was found only among the 
Gram-negative bacteria (Table 1). 

From the meagre information available nonulos- 
aminic acid is limited to Gram-negative bacteria. 
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Table 1. PRSSENCH OF NONULOBAMINIO ACID IN PROMISIS 
Gram reaction Acid content 
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Orithsdta fascieulata (two strains) 

Tetrahymena pyriformis 
7 hia ee +, 1-2 per cent; 
Gram-negative bacteria share common features 
besides the Gram reaction ; they elaborate endotoxins 
causing hemorrhage in mouse tumours! and sub- 
stances which inhibit agglutination of human blood 
groups’. Should nonulosaminic acid be generally 
distributed among Gram-negative but not Gram- 
positive bacteria it would be useful as a phylogenetic 
marker, especially if it should prove to have a very 
restricted distribution among Gram-positive bac- 
teria. This is under study. 

We thank the U.S. Public Health Service for 
financial support, Dr. Donald Watson of the Rackham 
Arthritis Unit, University of Michigan, for a sample of 
pure nonulosaminic acid, and Drs. K. Eimhjellen, 
J. Gibson, O. Van Baalen, and W. Vishniac for 
generous samples of some of the protists studied. 
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Changes in the Levels of Adenosine 
Triphosphate and Glycogen in the Liver 
caused by Protein Administration 

Durine a study of the infiuence of diet on adenosine 
nucleotide metabolism in the liver of the rat, we have 
observed that the concentration of adenosine triphos- 
phate in the livers of well-fed animals falls rapidly: . 
when they are given a meal of protein. This ehange 


720 


Table 1. EVFEOT OF PREVIOUS LavML OF ENERGY INTAKH AND 
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OF PROTHIN ADMINISTRATION ON THE CONCENTRATION OF ADENOSINE TRI- 


PHOSPHATH AND OF GLYCOGEN IN THE LIVER OF THE 


Adenosine 
triphosphate 


0 57 + 0:07 
1-65 + 0-16 
0-45 + 0°06 


Adenosine 
diphosphate 


0 92 + 0 08 
0 91 + 0 08 
09432016 


2186+ 0 07 
1-45 + 0 12 
1°68 4-0 11 
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that of the low en (P < 0-01}, when a y the 

#ignifloantly reduced es ps administration (P < 0 H 


is associated with a reduction in liver glycogen 
content. 

Female albino rats weighing approximately 180 gm. 
-were fed twice daily on synthetic diets similar to those 
used by us in previous experiments!. At 9 a.m. they 
ate 1 gm. of a vitamin-mineral-roughage mixture 
and 5 gm. of carbohydrate. At 5 p.m. they received 
4-2 gm. of a protein—carbohydrate—fat mixture. The 
total diet of these animals provided 41 keal./day and 
in Table 1 they are referred to as the high-energy 
group Some animals were fed on the same diet 
‘without the carbohydrate in the morning meal. 
These rats received a total energy intake of 21 keal./ 
day and are referred to as the low-energy group. The 
rats rapidly learned to eat these meals promptly and, 
after a few days, the evening mesl was omitted and 
animals from each group were killed at 7 p.m. in 
the fasting state, that is, 10 hr. after they had eaten 
a morning meal which either provided abundant 
energy as carbohydrate or else contained very little 
energy. In addition, some of the group on the high- 
energy intake were given 2:5 gm. of casein (Glaxo), 
which was made into a paste with 0:1 gm. sodium 
bicarbonate and was fed 2 hr. before killing. In this 
way, livers were obtained from three groups of 
animals: (a) a group fasting after a meal low in 
energy content; (b) a group fasting after a meal rich 
in energy content; (c) a group on the higher level of 
energy intake which were actively absorbing ammo- 
acids from the gut at the time of death. 

The livers were analysed for adenosine nucleotides 
(adenosine tri-, di- and mono-phosphates) by methods 
described previously. The results (Table 1) confirm 
our earlier observation! thet the energy content of the 
diet has a decisive influence on the concentrations of 
adenosine nucleotides in the liver. Comparison of 
the data for the two fasting groups shows that, even 
although 10 hr. had elapsed since consumption of the 
last meal, the livers of the rats receiving the higher 
energy intake had a considerably greater concentra- 
tion of adenosine triphosphate and a smaller concen- 
tration of adenosine monophosphate. However, 
casein administration, 2 hr. before death caused the 
adenosine triphosphate concentration in the livers 
of this group to fall to the level observed among 
animals on the low-energy intake. This was accom- 
panied by a sight increase in adenosine monophos- 
phate concentration which was not statistically 
significant. 

In a separate series of experiments, we observed 
the effect of these dietary conditions on the glycogen 
content of the liver. Glycogen was extracted from 
the liver with 30 per cent potassium hydroxide, 
precipitated with ethanol and estimated by the 
anthrone procedure’, This showed (Table 1) that rats 


energy content at 9 a.m. and were Killed at 7 
adenosine nucleotide data are the means (-+ S.E. 
of six experuments. The adenosine triphosphate concentration for the hi 
0 01) and the adenosine monophosphate cage eee aon was significantly lower than 
t’ test for differences between groups. 
All other differences were not statistically s 


mm. Some of the animals on 
of three experiments, and 
energy fas group was 


ycogen content of the liver was 
eaaa t (P > 0 05). 


fasting 10 hr. after receiving the high-energy diet still 
had a considerable amount of glycogen in their livers, 
but when animals on this diet received casein 2 hr. 
befere death, a large reduction in liver glycogen 
content occurred. 

Thus the absorption of products of protem digestion 
causes a marked decrease in the concentration of 
certain constituents involved in energy metabolism 
in the liver. These changes ocour at an early stage 
in the absorption process, since it was observed in 
these experiments that the bulk of the ingested 
casein was still present in the stomach at the time of 
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Reversible Transformation of Gelatin 
to the Collagen Structure 


THe conversion of soluble collagen (tropocollagen, 
procollagen, acid-extract collagen) to gelatin has been 
shown to involve the separation of the three-chain 
coiled-coil structure of the collagen molecule into 
single peptide chains'.* each having the disordered 
random-coil configuration. The universal experience 
with gelatins has been that these disordered chains 
could not be returned to the complete native collagen 
structure, although optical rotation, polarized infra- 
red, and wide-angle X-ray diffraction studies of cooled 
gelatin solutions or gels showed that partial ordering 
and helical folding of the chains could occur in 
localized regions?,*. The principal factor ruling against 
the complete reversibility of the collagen—gelatin 
transition was the requirement for the proper juxta- 
position and recoiling of the three complex peptide 
chains. 

Recent studies of the collagen degradation process’,* 
and the structure of high molecular weight gelatins’.§ 
gave indirect evidence that some features of the 
structure, and particularly the interchain cross- 
linkages present in native insoluble collagen, might 
be retained in the soluble degradation products. This 
suggested to us that if the relative peptide cham 
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alignments were retained near the cross-linkage sites, 
treatments which induced the collagen fold might 
give rise to ordered collagen-like fibres. We have 
carried out such experiments and have produced 
ordered collagen-like fibres. 

Our standard for judging whether we had achieved 
recovery of the long-range collagen structure from 
gelatin solutions was the preparation of fibrous 
precipitates that exhibited the cross-striated pattern 
typical of native collagen fibres when viewed in the 
electron microscope. The only possibility for the 
misinterpretation of such observations was that some 
collagen fibres might have been peptized by the 
gelatin and carried through tho extraction and 
recovery procedures. We believe that the sequence of 
experimental steps outlined below eliminated this 
possibility of mismterpretation of the electron 
micrographs. 

Native bull-hide corium collagen, purified as 
described previously’, was extracted in an isoionic 
suspension (pH ~ 6-0) at 60° for 1 hr. The con- 
traction temperature of this collagen preparation was 
55-8-60-6° for individual fibres*. The solution of 
solubilized gelatin (~ 7 per cent)® was filtered through 
sintered glass and then fractionated by-an ethanol- 
sodium chloride coacervation technique" into six 
successive fractions. Any suspended collagen carried 
along through the filter was precipitated with the first 
frastign. The remaining fractions were collected and 
the coacervates were dissolved in warm water (40-45°). 
The gelatin was recovered from these solutions by 
precipitation with acetone. These precipitates were 
washed with cold water, then redissolved at 40°, and 
reprecipitated with acetone. The third fraction, 
which contained neither the lowest nor the highest 
molecular weight material, was chosen for the 
following recovery experiments. 

The dried acetone precipitate was dissolved in 
0-1 M potassium chloride at 40° by shaking for 1 hr. 
The solution, [a]p** = — 136°, was clarified by centri- 
fugation in a Spinco preparative ultracentrifuge for 
14 hr. at 144,000g and room temperature. A small, 
translucent gelatinous sediment was discarded. The 
clear solution was transferred immediately to a cold 
room at 4° and was kept there for 20 hr. The solution 
set to a firm clear gel. The gel was placed in a 40° 
bath and held there without shaking. Within 12 min., 
-as the gel melted, a fine turbidity developed and 
within 1 hr. floccules appeared. These were col- 
lected by low-speed centrifugation at room tempera- 
ture. The precipitate was white and fibrous in 
contrast to the translucent gel obtained in the earlier 
higher-speed centmfugation. The clear supernatant 
gelled when cooled to 4° but remained clear when 
rewarmed. 

The fibrous precipitate wag examined in an electron 
microscope and clearly showed (Fig. 1) the typical 
collagen cross-striations. The fibre width, however, 
was variable, and the characteristic periodicity 
averaged about 610 A. The fibres were readily 
soluble in 6-0 M urea at room temperature but could 
be held indefinitely at 40° in water or in dilute 
salt solution. This behaviour of the heat-precipit- 
able gelatins resembles that of neutral salt-soluble 
co ; 
The fibres represented. about 10 per cent of the 
protein content of the fraction ITI solution that 
remained after the initial high-speed centrifugation. 
The low negative optical rotation of this solution 
indicated the absence of the collagen helical structure 
in the dissolved gelatin molecules. 
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Fig. 1. Electron micrograph of fibres obtained from Fraction OI 


. Ohromium shadowed (x 88,700). The main periodicity 
1s 610 Å., but there is also clearly visible a definite sub-perlodicity 
(arrows) of ~ 210 A. in the thinner flbrila 


Attempts have been made to prepare fibrous 
precipitates by this and similar procedures with both 


« commercial and other specially prepared gelatins. 


Only thoge shown by characterization, studies to have 
the multi-chain structure, and therefore to contain 
strong interchain cross-linkages, yielded fibrous 
precipitates. These observations are interpreted as 
verification of our earlier suggestion that high- 
molecular weight gelatins are cross-linked networks 
rather than completely random coils',*,*. Since the 
chains are held in the proper register whereby they 
can be re-ordered to the native configuration, the 
cross-linkages must be inherent in the insoluble 
collagen and not randomly induced by the degradative 
treatment. 

The quantitative aspects of these experiments are 
being examined. These, and the necessary characteri- 
zation. studies, will be described in more detail elge- 
where. 

We are indebted to Dr. L. 8. Fosdick of the North- 
western University Dental School for so generously 
allowing us to use his electron microscope facilities. 


ARTHUR VEIS 
JEROME COHEN 


Central Research Laboratories, 
Research Division, 
Armour and Co., 
Chicago 9. 
1 Gallop, P. M., Arch. Biochem. Biophys., 64, 486, 501 (1955). 
* Boedtker, H., and Doty, P., J. Amer. Chem. Soc., 78, 4267 (1958). 


* Robinson, O. H., “Nature and Structure of Collagen”, 04 (Academic 
Press, New York, 1953). 

* Bear, R. 8., “Ady. in Protein Chemistry”, 7, 68 (1952). 

5 Veis, A., and Cohen, J., J. Amer. Chem. S00., 78, 6238 (1956). , 

‘Veils, A., and Cohen, J., J. Phys. Ohem., 62, 459 (1958). aid 

Y Courts, A., and Stainsby, G., “Recent Advanoes in Gelatine and 
Glue Research’, 100 (Pergamon Press, 1957). 

t Vals, å., Anessy, J., and Cohen, J., “Recent Advances In Gelatine 
and Glue Research’, 155 (Pergamon Prosa, 1957). 

* Vets, å., and Oohen, J., J. Amer. Chem. Soe., 77, 2864 (1955). 
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PHARMACOLOGY 


Milk-ejecting Action of Ergot 

It is known that adrenalin inhibits milk ejection’. 
In an attempt to determine whether this inhibition 
is central or peripheral a series of experiments were 
performed on rats. The effect of prior administration 
of ergotamine on the adrenalin-induced black was 
studied. In the course of this investigation it appeared 
that ergotamine and ergometrine also had a milk- 
ejecting action of their own. This property of ergot 
causing milk ejection does not appear to have been 
described before. 

Mulk ejection has been assessed by the increase in 
weight after suckling of the young rate (8-10 days 
after birth) separated overnight. Adrenalin as well 
as atropine and alcohol block the ejection of milk in 
rats by preventing the release of oxytocin (personal 
observation). Adrenalin in doses of 1 pgm. and 
more when administered intraperitoneally always 
mhibits the milk-ejecting reflex, but when ergotamine 
("Gynergen’ Sandoz, Ltd.) or ergomeirine (Sandoz, 
Lid.) ig administered to the mother (200-250 gm.) in 
doses of 50-100 ugm. intreperitoneally half an hour 
before the administration of adrenalin there is no 
inhibition of milk ejection. When the lactating 
mothers were injected with an ergot preparation just 
prior to suckling the htters gained more weight after 
suckling than they did normally. The fact that ergo- 
metrine algo, in addition to ergotamine, has this 
property of causing milk ejection indicates that ergot 
does go, not by specifically reversing the action of 
adrenalin but by itself causing milk ejection. When 
adrenalin and ergotamine are administered simultano- 
ously to the mother just before suckling there is no 
inhibition of milk ejection. The action of ergometrine 
and ergotamine was then studied on six litters where 
the milk ejection reflex had been blocked by prior 
administration of atropine (60-120 ugm. intra- 
peritoneally ummediately before suckling) and 7-5 per 
cent alcohol (5 ml1./100 gm. body-weight orally 30 
min. pror to suckling). It was found that when 
ergotamine or ergometrine was administered to the 
mother just prior to suckling neither alcohol nor 
atropine caused any inhibition of milk ejection. 
Normally a dose of 3-10 ugm. atropine causes a 
complete inhibition of milk ejection which can only 
be reversed by oxytocin. Fig. 1 shows the increase 
in weight of a litter after suckimg when no drug was 

as compared to the increase in weight 
of the same litter on another day when adrenalin 
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(l ugm.) and, on another day, adrenalin and ergo- 
ee (50 pgm.) were administered just prior to 


The resulte described in brief indicate that ergot, 
in addition to its many actions, also causes milk 
ejection. It is unlikely that ergot causes milk ejection 
by releasing oxytocin, and we suggest that ergot, 
when administered to rate, has a direct action on the 
lactating myoepithelium and causes its contraction. 
Ergot has for long been known to possess an oxytocic 
action on the uterus, and it appears to possess 
another oxytocin-lke action causing milk ejection. 


Ranstr Roy CHAUDHURY 
Manpazkini B. Diksurr 


Department of Pharmacology, 
All India Institute of Medical Sciences, 
Safdarjang, 
New Delhi, 16. 
1 Oroas, B. A., J. Endocrinol., 9, 7 (1958). 


Indian Substitutes of Male Fern in 
Pharmacognosy 


Dryopteris filix-mas (L.) Schott, commonly known 
as the male fern, is a good tænicide and is included in 
the pharmacopooias of all countries and also in the 
International Pharmacopeia. India, with her vgst 
resources of drug plants, has many indigenous 
species of Dryopterts growing in the Himalayas, 
although the true male fern is not indigenous. With 
the view of finding suitable Indian substitutes of 
the official drug, phytochemical and pharmacog- 
nostical investigations on the following 18 members 
of the family Aspidiaceae were carried out. Dryopteris 
haritpes (Bl) O. Ktze., D. scots (Bedd.) Ching, 
D. cochleata (Don) O. Ktze., D. barbtgera (Moore) 
O. Ktze., D. serratodentata (Bedd.) Hayata, D. 
Pe {cilarke) Hand-Mzt., D. rosthernss (Diels) 

D. paleacea (Don) Hand -Mzt., D. blanfordis 
one. C. Chr., D. chrysocoma (Christ) C. Chr., D. 
ramosa (Hope) C. Chr., D. pulvinulsfera (Bedd.) 
O. Ktze., D. splendens (Hk.) O. Kize., D. sparsa 
(Don) O. Ktze., Otenitis apiciflora (Wall) Ching, C. 
nidus (Clarke) Ching, Hypodematium crenatum (Forak) 
Kuhn, Cyrtomtum falcatum Presl. 

Chemical analyses have shown that all the species 
of Dryopteris (with the exception of D. sparsa) 
and both the species of Cienttts contain filicm much 
above the official requirement (B.P. and U.8.P. 
require not less than 1-5 per cent of filicm in the 
crude drug). Hypodemattum and Cyrtomium are 
practically useless. Of particular interest is the 
species D. chrysocoma, which contains the maximum 
amount of the active principle (4:3 per cent of 
filicin in the crude drug). This, together with three 
other species, namely, D. ramosa (3:8 per cent of 
filicin in the crude drug), D. barbigera (2-2 per cent of 
filicin in the crude drug), and D. cochleata (1:8 per 
cent of filicin in the crude drug), which grow prolifically 
in a wild state, could be commercially exploited to 
great advantage. 

A valuable field test for species rich in the active 
principle is found to be a greenish tinge of the cut 
surface of the rhizome and stipe bases, which colour 
is retained long after drying. Species poor in this 
principle e:ther show no colour or turn brown soon 
after cutting. 

An intensive pharmacognostic study has revealed. 
that the species containing oleoresin and filicin 
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invariably show large schizogenously developed 
cavities within the ground-tissue of the rhizome and 
the petiole bases. Into these project one to several 
secretory glands. The species like D. sparsa, Hypo- 
tum orenaitum and Oyriomium falcatum are 
devoid of these structures, and also the active 
principle. The secretory glands are of different 
ahapes and sizes in different species but functionally 
similar. In both species of Otentits they are elongated 
cylindrical in contrast to the clavate or pynform 
ones un Dryopteris species. The former type may 
probably characterize the genus Ctentiis but this 

requires confirmation by study of more species. 
Anatomically, the rhizome and petiole show the 
usual fern structure. Some species are, however, 
characterized by the presence of dark patches of 
sclerenchyma (sclerotic nests) in the ground-tissue of 
either or both of these structures. These are found to 
serve as useful criteria for diagnosis. A key based on 
all the histological characters taken together is 
being formulated for the differentiation of the species. 

P. N. Mmrpea 
T. C. MITTAL 
Department of Pharmacognosy, 
Panjab University, 
Amritsar. 


7 PHYSIOLOGY 


Korotkov’s Sounds: Action of the 
Heart 


DEVELOPMENT of work upon Korotkov’s sounds, 
described by met, has led to the following explanation 
of the action of the human heart. 

The right and left sides of the heart should each 
be regarded as the mechanical analogue of a reflex 
klystron, such as described by Bleaney and Bleaney*. 
The right and left atria on one hand and the pul- 
monary sinuses and the aortic sinuses on the other 
constitute cavity resonators wherein contraction and 
dilatation of the walls and apertures generate force 
fields through which flows the blood. The action of 
the left side of the heart will be described in the 
first instance, although that of the right side is 
similar. 

The function of the left atrium is to set the blood 
into motion; that of the orifice of the mitral valve 
is to produce velocity modulation of the stream 
entering the left ventricle during diastole. The 
cavity of the ventricle is a drift space in which fast 
particles of blood travel farther from the mitral valve 
than slow particles, before being brought to a halt 
on the completion of ventricular diastole. It is 
assumed that at the onset of atrial systole, the ring 
of the mitral valve is of somewhat less diameter 
than at the end of atrial systole; throughout atrial 
systole the diameter of the ring increases so that the 
velocity of the stream decreases. 

The blood impinges upon the ventricular wall, by 
which it is reflected and focused upon the aortic 
valve. The correct angle of incidence is maintained 
by the papillary muscles and chords tendins attached 
to the mitral valve which guides the flow. At 
ventricular systole, blood that has travelled farthest 
ig © to accelerating force for longer time 
than blood that has travelled a shorter distance 
to gain contact with the ventricular wall and, after 
reflexion, the former is still equivalent to fast 
particles ; the latter to slow. Because of the greater 
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excursion, fast particles are retarded in transit and 
join slow particles, likewise reflected, which pass 
through the mitral valve half a period later. This 
results in alternate attenuation and bunching of the 
stream flowing through the aortic valve and in the 
aortic sinuses. 

Variations of diameter of the rmg of the aortic 
valve, visible on cardio-angiography, have the effect 
of accelerating the attenuations and retardmg the 
bunches, this constituting density modulation. In 
an ordinary fluid, of which the bulk modulus of 
elasticity is high, very slight variations of density 
would occur in these circumstances. With blood, 
however, it is probable that gas bubbles form inside 
the envelope of the red blood corpuscles, permittmg 
an appreciable ‘compressibility’. The pressure, of 
course, will rise with increase of density and con- 
versely. 

More power is taken from the stream during the 
retardations than is lost during the accelerations, 
with a gain which is utilized to maintain resonance 
in the sortio sinuses and a pulsatile flow in the 
coronary arteries. In addition, there is a shock wave, 
transmitted by the aorte and coronary arteries, arising 
from the forces of cavitation in the aortic sinuses. 

By analogy from the klystron, the mitral and 
aortic valves will be out of phage by (n + 4%), where 
n is an integer or zero. Closure of the mitral valve 
does not coincide with the state of amallest diameter 
of ita orifice, the peculiar structure of the valve 
meking this possible. The aortic valve, on the other 
hand, closes when the diameter of the ring of the 
valve is least, accounting for the differing arrangement 
of the cusps. 

It will be seen that the mitral valve is acting as a 
buncher, the aortic valve and sinuses as a catcher, 
corresponding to the resonators of the klystron, which 
are so named. More generally, these functions would 
appear to be subserved, respectively, by the sino- 
spiral and bulbospiral embryological systems of the 
heart. The tubular heart, from which the ‘reflex 
heart’ develops, is presumably analogous to a soe: 
through klystron. 

The iron-containing substance in cardiac muddle ig 
probably of the nature of a Berthillode compound, 
for an explanation of which term reference may be 
made to Partington’. On the flow of oxygenated 
blood through the coronary system, following systole, 
the lattice-work of the compound increases in diam- 
eter as it takes up oxygen, thus increasing the volumo 
of the cavity of the ventricle in an active manner. Tho 
shock wave of the second heart sound overcomes 
thyxotropism in the cardiac musculature, so facili- 
tating ventricular diastole. 

Energy from the main blood stream is fed back 
into this mechanism through the coronary arteries, 
which also supply the wall of the atrium and the 
musculature of the mitral orifice, whereby the 
resonators are coupled. 

The two systems will now be assumed to be over- 
coupled so that the heart is regarded not only as an 
oscillator but as possessing also the property of gelf- 
oscillation. Regeneration is effected through the 
oxidation of carbohydrate, a process which provides 
energy to drive the ventricles, or repellors, removing 
oxygen from the lattice-work which shrinks during 
systole. 

A function of the autonomic nervous supply to 
the heart is that of tuning the resonators, which is 
assisted by the apposition of the aortic and mitral 
valves. In a klystron, separate resonators are difficult 
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to tune: correct phasing is essential ın such a device 
and more easily achieved by the reflex principle. 

The right atrium and ventricle behave in a manner 
similar to the left with the exception that power, 
taken from the stream, is transmitted solely as a 
pressure wave by the pulmonary artery. The tri- 
cuspid valve acts as a buncher while the pulmonary 
valve and sinuses act as a catcher, each being in 
phase and paired to form a set with the corresponding 
valve of the left side. On each side, the shock wave 
of the first heart sound evercomes thyxotropism of 
the atrium. 

The wave-mode of the oscillator is stabilized by 
the conducting system of the heart, which is com- 
parable to the strapping of a magnetron. Mode 
jumps occur in extrasystole, differing values of n 
explain the varying grades of heart block but varia- 
tion of each element of the (n + }#) phase rule is 
also physiological. 

J. E. Matcorm 

Royal Air Force Hospital, 

Ely. 
J. E, “The Blood Pressure Sounds and their M 
1389) Heinemann Medical Books, Ltd., London, 1957 and 


*Bleaney, B. I., and Bleancy, B., ‘“Hlectriaty and Magnetism” 
(Olarendon Press, Oxford, 1957). 

3 Partington, J. R., “General and Inorganic Chemistry” (facmillan 
and Co., Lid, London, 1958). 
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Potential Oscillations in the Lower 
Olfactory Pathway of the Toad 


In the olfactory bulb of the hedgehog and the 
rabbit, Adriani, found that the potential waves 
evoked by olfactory stimulation take shapes of poten- 
tial oscillation. It was presumed that the waves 
were developed by synchronized activity in the 
dendritic region of the bulb. Later, he? recorded the 
similar potential in the olfactory epithelium of the 
rabbit, and found that the potential pattern in the 
epithelium has all the features of that appearing in 
the bulb. In the experiment, Adrian® did not record 
the potentials in the epithelium and the bulb simul- 
taneously ; but from the similarity he presumed that 
the mechanism which produces the potential oscilla- 
tion in the bulb originates in the olfactory epithelium. 
In the olfactory epithelium of the frog, Ottoson‘ 
found that rhythmic waves sometimes superimpose 
on the crest of the slow potentials produced by odour 
stimulation. He presumed that they are identical to 
the potential oscillations found by Adrian?!-?. 

Since the toad (Bufo vulgaris japonicus) has long 
olfactory nerves, potentials can be recorded in the 
olfactory epithelium, nerve and bulb simultaneously. 
By olfactory stimulation, potential oscillations 
appeared in these tissues as well (Fig. 1). Those 
which appeared in the olfactory nerve and bulb are 
identical with one another in frequency, phase and 
shape. Consequently, it is apparent in the toad that 
the potential oscillations in the bulb originates in, or 
before, the olfactory nerve. However, the similar 
potential oscillations have never been found in the 
olfactory epithelium of the toad. Thus, our finding 
in the toad partly supports Adrian’s assumption. 
On the other hand, the potential oscillation m the 
olfactory epithelium of the toad usually appeared 
superimposed on the slow potential which was 
reported by Takagi and Shibuya*’?. It has higher 
frequency than the potential oscillations in the nerve 
and bulb, and is different in shape from the latter 


NATURE 


May 28, 1960 von 186 


Jimv 









(209V. 
i | soon. 
j sec. 
1. Two of potential oscillations. Top, a poten 
a lation ap on the falling phase of the aon potential ; 
ee a potential oscillation recorded ir the olfactory nerve ; 
ottom, & 


D 
It is noted that the first half of the patella in the olfacto 


olfactory epithelium, The 
indicates olfactory stumulation 


ones. Besides, it always began to appear some time 
after the beginning of the latter ones. It often 
appeared even after the latter ones had nearly 
disappeared, when stimulation was very short. In 
these points, the potential oscillation in the olfactory 
epithelium of the toad entirely differs from those in 
the olfactory nerve and bulb. The former oscillation 
closely resembles the rhythmic wave found by 
Ottoson‘ in the olfactory epithelium of tha, frog 
(Rana temporaria). Though we could not find the 
similar wave in the frog (Rana nigromaculata), it is 
supposed that the rhythmic wave found in Rana 
aria is identical to that in the olfactory 
epithelium of the toad. From these findings in the 
toad, it is concluded that there are two kinds of 
potential oscillations in the lower olfactory nervous 
system, and that they are mutually of indifferent 
origin and nature. 
Full details of this work will be published elsewhere. 


8. F. TAKAGI 
° T. Sarpvyva 
Department of Physiology, 
School of Medicine, 
Gunma University, 
Maebashi, Japan. 
Dec. 22. 


1 Adrian, E. D., J. Physiol, 100, 459 (1942). 

* Adrian, B. D., Blectroenceph. Clin. Newrophysiol., 11, 377 (1960). 
t Adrian, E. D., J. Physiol., 128, 21,P (1955). 

4 Ottoson, D., Ada Physiol. Scand., 36, Supp. 122 (1956). 

4 Takagi, 8. E, and Shibuya, T., Nature, 184, 60 (1959). 

t Takagi, S. F., and Shibuya, T , Jap. J. Physiol., 10 (in the press). 
! Takagi, 3. F., and Shibuya, T, Jap. J. Physiol., 10 (in the press). 


Saliva-Serum Ratios of Tritium after the 
Administration of Tritiated Water 


Taggart and Hytten! reported results which indi- 
cated that the salivary glands can concentrate deuter- 
ium oxide above the level in serum of human subjects. 
They had administered deuterium oxide orally to 
normal pregnant women and found, 3 hr. later, 
saliva-serum. ratios ranging from 1-05 to 1-34, and 
in one subject after 24 hr. they found a ratio of 
1-39. 

These results have considerable importance as they 
suggest that human selivary glands can differentiate 
between deuterium and hydrogen, and it would 
therefore be of interest to know if a similar effect 
occurs with tritium. In view of the paucity of 
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information readily available? on this subject we 
decided to estimate the salva—serum ratios of tritium 
3 hr. after the administration of tritiated water in 
human subjects. The test was ormed on 6 
physically healthy subjects. 10 ml. of tritiated water 
containing 500 pe. tritium were given orally immedi- 
ately before breakfast. 3 br. later, samples of venous 
blood and saliva were collected. Water was obtained 
from serum and salve by the technique described by 
Cooper et al.? and the tritium wae estimated in a 
liquid semtillation counter. 


Table 1 
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Table 1 shows the results. The saliva-serum ratio 
at 3 hr. ranged from 0-98 to 1-02 with a mean of 
1:00. Thus 3 hr. after its oral administration the 
tritium in the salivary gland hag reached equilibrium 
with the water in the serum and there is no evidence 
that the salivary gland is able to concentrate tritium. 
If*the differential concentration of deuterium oxide 
is related to the atomic weight of deuterium it would 
seem that this effect should be at least as equally 
marked with tritium. 

Taggart and Hytten raised the possibility that some 
substance in saliva had distilled across with the water 
and affected the density of the distillate and thus the 
estimation of deuterium oxide by the falling drop 
method. In view of our findings, therefore, it would 
be useful to have the results of saliva—serum ratios of 
deuterium oxide estimated by mass spectrometry. 

A. J. COPPEN 
J. L. GIBBONS 

Institute of Psychiatry, 

Maudsley Hospital, 
Denmark Hill, 
London, 8.E.6. 

1 Taggart, N., and Hytten, F. E., Nature, 184, 457 (1959). 
* Pinson, E. A., Physiol. Rev., $2, 128 (1952). 


s Sooper; J. A. D., Badin, N. 8., and Borden, O., J. Lab. Clin. Med., 
, 129 (1958). 


Effect of Thyroxine and 2,4-Dinitrophenol 
on Levels of Ubiquinone and 
Ubichromenol in the Rat 


THe observation by Aryar et al.! that thyrotoxi- 
cosis in the rat is accompanied by an increase in liver 
ubiquinone prompts us to record our own related 
findings. We have investigated the effect of thyroxine 
and 2,4dinitrophenol on both ubiquinone and 
ubichromenol-levels in the rat, using animals from a 
stock colony and also from a vitamin-E deficient 
colony. Female rats were used, aged 3—4 months in 
one experiment and aged 15 months in another. The 
animals were divided into groups of six, and test 
groups received thyroxine, thyroxine and «-toco- 
pheryl acetate, or 2,4-dinitrophenol. After three 
weeks on test, the rats were killed, and their hearts 
and hvers (each organ pooled with others from the 
same group) were analysed for ub:qumone and 
ubichromenol by the method of Duplock et al.*. 
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Table 1. FOrLN RATS OF THR NORWEGIAN HOODED STRAIN WERE 
USED IN GROUPS OF SIX 


In Exp. 1, the rats were 3—4 months old; in Exp. 2, 15 months old. 


The su plements were: Exp. 1, doer as 2,4-dinitrophenol and 
a Aia Ak acetate all at 25 æm. /gm. of diet; oe 2, thyroxine 
5 mgm. and 2,4-dinitrophenol 1'25 mgm. divided into bi-weekly doses 
Intraperitoneally 
Ubiquinone Ubichromenol 
Exp. Group treatment (egm. jga) (ugm./gm.) 
| ime’ 
Heart Iiver Heart Liver 
1 Adequate vit. E control 205 127 4-4 80-6 
Adequate vit. B + thyrosme 179 842 8-4 119 
E-def. control 149 162 4:0 46-8 
E-def, -+- thyroxine 180 227 9-4 83 o 
E-def, + xing + a- 
toco ] acetate 199 285 9-9 82-0 
E-def. -+ 2,4-dinitrophenol 241 182 25-5 60 5 
2 E-def. control 159 96 15-7 $4 1 
E-def. + thyromne 141 482, 14:3 148 
E-def. -+ 2,4-dinitrophenol 143 114 14:4 47-4 


The results are given m Table 1, the figures for 
ubiquinone and ubichromenol representing the total 
isoprenologue content? in each case. 

In both rats receiving adequate vitamin E and those 
deficient in this vitamim, thyroxine produced large 
yocreages in the ubiquinone- and ubichromenol-levels 
in. the liver, these increases being particularly marked 
in the older group of vitamin-E deficient rats. Indeed, 
the levels ın the livers of the latter animals are con- 
siderably higher than any others so far observed by 
us in the course of several hundred tissue analyses. 
The effects of thyroxine on levels in the heart were 
less marked generally. The further supplementation 
of the thyroxine group with «-tocopheryl acetate 
produced no noticeable effects in these experiments. 
When 2,4-dinitrophenol was given to vitamin-E 
deficient rats in an amount equivalent to thyroxine 
on & molecular basis, little effect was observed ; 
but, when larger, nearly toxic doses of 2,4-dinitro- 
phenol were given, a sharp increase in ubiquinone and 
ubichromenol occurred in the heart, although the 
liver was relatively unaffected. 

Although 2,4-dinitrophenol and thyroxme are 
both agents that uncouple oxidative phosphorylation, 
their mode of action is different. It is possible that 
the above effects on ubiquinone- and ubichromenol- 
levels in vivo may be related to this uncoupling 
activity and that the differences observed may reflect 
the difference in mode of action; alternatively, they 
may be caused simply by a differing uptake of 
thyroxine and 2,4-dinitrophenol by the heart and 
the liver. Whether the increases in ubiquinone and 
ubichromeno] are due to enhanced synthesis or to legs- 
efficient utilization of these lpids cannot be deduced 
from these experiments, but the results here are 
qualitatively different from those of other experiments 
on the specific influence of vitamin-E on the levels of 
ubiquinone in the rat, in which a direct effect on 
synthesis is more clearly indicated. 


E. E. EDWIN 
J. GREEN 

A. T. Dretoox 
J. BUNYAN 


Walton Oaks Experimental Station, 
Research Laboratories of Vitamins, Ltd., 
Dorking Road, 
Tadworth, Surrey. 

*Alyar, A. 8., Sulebele, G. A., Rege, D. V., and Sreenivasan, A., 
Nature, 184, 1867 (1959). 

* Diplock, A. T., Groen, J., Edwin, H. B., and Bunyan, J., Biochem. J. 
(in the press). 


* Diplock, A. T., Edwin, E. EB., Green, J., Bunyan, J., and Marcin- 
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Influence of Temperature upon Blood 
Coagulation in a Cold- and a Warm- 
blooded Animal 


THe influence of change of temperature upon the 
speed of blood clotting in warm-blooded animals is 
well recognized. Indeed, the fact that human plasma 
at 0° C. does not clot for several hours is utilized in 
some investigations in coagulation research. 

If a similar depression of blood coagulation at low 
temperatures occurred in cold-blooded animals this 
would tend to make them unusually vulnerable to 
trauma during some part of them lives. This con- 
sideration led us to compare the influence of tem- 
perature on the clotting mechanism of a warm- 
and a cold-blooded animal. 

Because of its ready availability, human blood was 
compared with that of the South African clawed 
toad Xenopus laevis. Human blood was collected by 
venepuncture and toad blood was obtamed from the 
heart after the animal had been anesthetized with 
ether. Considerable difficulty was at first experienced 
in obtaining adequate unclotted samples by methods 
involving direct cardiac puncture. To overcome this, 
the heart was exposed by a central skin excision, 
division of the pectoral girdle and opening of the 
pericardium. The animal was then placed on & wire 
netting (approximately 1 cm.? network) with the 
heart dependent between the wires. In this way 
approximately 3 nol. could be collected into an under- 
lying vessel within a few seconds of a deep scalpel 
meision into the ventricle. The contamination 
by tissue juices, although present, is probably 
minimal under these conditions and the sample 
appears preferable to that obtained after a lengthy 
and technically difficult cardiac puncture technique. 
The blood from three toads was pooled to make a 
single specimen. 

All samples were collected in graduated siliconed 
centrifuge tubes with 3-8 per cent of sodium citrate 
in a proportion of nine parts of blood to one part of 
citrate solution. 

The thromboplastin preparations were made from 
emulsified human brain and emulsified toad brain and 
spinal cord. The dilutions were adjusted to give a 
satisfactory one-stage prothrombin time with human 
and toad plasma respectively. The thromboplastin 
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tıme (one-stage ‘prothrombin’ time) and the calotum 
clotting time estimations were performed as recom- 
mended by Biggs and Macfarlane!, but in the latter 
test citrated whole blood was substituted for citrated 
plasma. 

The results are shown in Figs. 1 and 2. °« ° 

A determination of calcium clotting time was used 
in preference to one of whole-blood clotting time, 
because the latter would have required several 
fresh samples of blood, needing more than a single 
animal to cover the complete range of temperature 
being investigated. It therefore appeared desirable 
to test the clotting time of a single pooled citrated 
sample obtained from three animals after recalcifying 
at various tem tures. 

In order to keep the platelet activity of the speci- 
mens as close to physiological conditions as possible, 
citrated whole blood rather than plasma was used in 
the estimations of the clotting time. 

Quick! showed that tissue thromboplastin of a rep- 
tile (turtle) showed species specificity, when mixed 
with the plasma, of warm-blooded animals. This 
specificity has been demonstrated with the amphibian 
used in this investigation. The thromboplastin times 
of human or toad plasma were therefore compared 
using human and toad brain emulsions respectively. 
Owing to the small size of the toad brain, the spinal 
cord was also included in the preparations. 

From a comparison of the two curves in Fig. 1 it 
can be seen that the toad-clotting mechanism appears 
well adapted for functioning at low temperatures. 
Fig. 2 shows the influence of temperature on the 
thromboplastin time, which does not involve certain 
clotting factors, such as hemophilic globulin, which 
are needed for active intrinsic thromboplastin 
formation. As with the recale:fied whole blood clotting 
time the thromboplastin time in the cold-blooded 
animal a comparatively unaffected by a tem- 
perature lowered below 10° C. 

H. B. AN8TALL 
Massachusetts General Hospital, 
Boston, Massachusetts. 
R. G. HUNTSMAN 
Department of Clinical Pathology, 
Guy’s Hospital, London, 8.E.1. 


* Biggs, E. and Aecinriane, B. G., “Human Blood Coagulation 
te Disorders” (Blackwell Scientific Publications, Oxford, Noes). 
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i : Blood Glucose in Crayfishes in Relation. ‘to 
| Moult and Handling l 
DurRinG a recent investigation of the n R 


¿iof exeretion in the crayfish!, it was discovered that 
¿i significant differences in blood glucose-levels existed 






_ -between intermoult (stage C) and premoult (stage D) 
< specimens of Pacifastacus leniusculus (Dana) (Table 
1). The moult stage was determined by a modification 
~ of the method of Drach?. 


The cray fishes were kept 
in a water-bath at 16°C. in which they had been 
< unsegregated and unfed for periods of one to two 
weeks. Blood glucose was determined by the glucose 
oxidase (enzymatic) method of Saifer and Gersten- 
feld? (for details of experimental procedure, see 
: Miogel and Kirschner, ref. 1). 








ag Table t: | BLOOD GLUCOSE-LEVELS OF INTERMOULT (C) AND PREMOUET 
X e MALE Pacifastacus leniusculus. DIFFERENCES ARE STATISTICALLY 
en VERY SIGNIFICANT (i = 3-06; P = < 1 PER CENT) 


ERR Moult stage | 
in Ainte arrn in =! t 

Number 10 i 9 
F Average blood glucose (mgm. per cent} 21 


nge 
| Standard error 
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= Glucose proved to be a highly oiie substance in 
- erayfigh blood ; injected glucose disappeared rapidly. 
Handling of crayfishes (for example, injection of 
<: materials, and especially withdrawal of blood samples 
at, frequent intervals) commonly resulted in a spon- 
taneous rise in blood glucose-levels, a prolonged 
cessation or marked decrease in urine production, 
and in many cases the abnormal appearance of 
glucose in the urine. 

“The results of determinations of normal blood 
glucose-levels of C- and D-stage crayfishes agree with 
those of Renaud!, who measured the reducing value 
of the blood of Cancer pagurus. However, Scheer’ 
found no difference in blood carbohydrage- level 
between late C- and early D-stage Carcinides (= Car- 
cinus) maenas. Similarly, MeWhinnie and Scheer’ 
-found that the blood glucose-levels of Hemigrapsus 
nudus reached their maximum during the interrnoult 
(C) stage of the moult-cycle and actually declined 
during the premoult (D) stage. McWhinnie and 
- Scheer determined glucose by a method similar in 
= most respects to that used in the present work. They 
| found that glucose comprised less than 20 per cent of 
< the total ‘blood sugar’ value determined by other less- 
. specific methods. 

_ The reasons for the spontaneous rise in blood glucose 
< of handled crayfishes are obscure. It seems reasonable 
to assume that handling placed the crayfishes under 
stress. Since an elevation of blood glucose-levels 
a common stress phenomenon seen in vertebrates, 
it is possible that a similar stress—blood glucose 
relationship exists in the crayfish. This explanation 
would fail, if the view of Scheer’, that glucose is not 
utilized as a substrate for oxidative metabolism in 
Crustacea, is accepted. However, more recent 
evidence (ref. 8 and Scheer, B. T., personal com- 
= munication) indicates that glucose i is, in fact, utilized 
- for oxidative metabolism in crustaceans; at least, 
-according to Scheer’, in those crustaceans that 
“undergo a period of dormancy during their moult 
‘eyele (anecdysis). The crayfish is an anecdytie form, 
-ag are the crabs, Hemigrapsus nudus and Carcinides 
 maenas. 
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The complete PEE or marked. decrease’ in 


urine production and.the glucosuria of crayfishest > 

«that were handled! is suggestive of a hormonal 
effect. For example, the stoppage or decrease in urine 
“production commonly was maintained for 20 hr. or 


more during the experimental periods—long after 
handling had ceased. Further, it was only after 20 
hr. that glucosuria occurred. It is well known that 
the sinus glands of Crustacea contain a diabetogenic — 
hormone, which is reported e responsible for most _ 
of the hyperglycemic effec 
The diabetogenic | hormone 
responsible for the-hy 
glucosuria of handled 
that it, or some as ye 
an antidiuretic effi 

This work was sw 











own hormone fraction, has 
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Membrane Potential Changes associated 
with Stimulation of Smooth Muscle by 
Adrenalin 


THE smooth muscle of the taenia coli of the guinea » 
pig is contracted by acetylcholine and is relaxed by 
adrenalin. It has been shown that acetylcholine 
contraction is associated with depolarization of the 
muscle membrane and initiation or-inerease in spike 
activity. Adrenalin relaxation is associated with 
hyperpolarization of the membrane and mapibision a of ' 
spike activityv1. e 

The smooth muscle of the muscularis mucosa: 
(dog) is contracted by both acetylcholine and adrena- 
lint. It was of interest, therefore, to observe whether 
adrenalin contraction of this muscle was associated 
with hyperpolarization or depolarization. 

Membrane potential changes of muscularis 
(pig cesophagus) in the presence of adrenali 
acetylcholine were measured by the sucrose “gap 
technique’. Fig. 1 shows that contraction by adrenalin 
as well as by acetylcholine was associated with 
depolarization and initiation of spike activity. 

This result supports the view that drugs act via a 
membrane system, where depolarization and initiation 
of spike activity result in contraction, and hyper- 
polarization in relaxation. It is unlikely that adrenalin 
acts in two completely different ways on the muscle _ 
membranes of the taenia coli and muscularis mucosæ, — 
It is more likely that adrenalin acts in the same way 
on two muscles which differ in internal/external ion 
distribution and/or in membrane permeability pro- 
perties. Comparison of the morphological features 
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conceivably could be 4 ~ 


fishes. ‘Further, it is possible __ 
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Fig. 1 Membrane potential changes and spike activity in the presence of: (a) acetyl- 
choline (Ach) 107°; (b) adrenalin (Adr) 1074, Pig wsophagus muscularis mucos®. Sucrose 


gap technique. Temp., 35° C 


and electrical properties of these two muscles revealed 
no qualitative differences’. Experiments designed 
to detect differences in ion distribution, permeability 
and electrogenic sodium pump activity® are in pro- 
gress, 
Some of this work was done in the Department of 
Physiology, University of Illinois. 
G. BuRNSTOCEK 
Department of Zoology, 
University of Melbourne. 
i Bülbring, E., J. Physiol., 135, 412 (1957). 
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3 Burnstock, G., J. Physiol., 143, 183 (1958b). 
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Accumulation of Substrate by Isolated Rat 
Diaphragm: a Possible Mechanism for the 
Anti-Inflammatory Action of Corticosteroids 


ADRENALECTOMY enhances, and adrenal cortical 
hormone depresses, the incorporation of carbon-14 
from amino-acids, and from amino-acid precursors, 
into the protein of isolated rat diaphragm!',*, These 
changes are, at least in part, the result of a direct 


Table 1. EFFECT OF ADRENALECTOMY AND CORTISONE ON THE 
ACCUMULATION OF CARBON-14 LABELLED SUBSTRATE BY ISOLATED 
‘INTACT’ RAT DIAPHRAGM 








Counts/min./ml. intracellular water 


























Substrate | Counts/min./ml, incubation medium 
added to the —————— a —_| 
medium Normal Adrenal- Cortisone | 
ectomized | | 
(1-**C}- | 
aminoiso- 1-41 40-061 (6)* | 1-35 40-046 (6) | 0-72 +0 -021 (6) 
butyric acid | (P < 0-001) 
[U-"C]-L- 
phenyl- 2-51 40-120 (6) | 2-41 +0149 (6) | 1-79 -+0-052 (6) | 
alanine | (P < 0:001) | 
[0-+*0]-L- 1°95 +0059 (6) | 1-88 +0-:055 (6) | 0-92 +0030 (6) 
lysine (P < 0-001) 
[2-Ring-**0] | 
histamine 3:88 +0:125 (6) | 3°69+0-375 (6) | 2-83 4-0-0906 (6) 
dihydro- | (P < 0-001) | 
chloride 
i 








Diaphragms from normal, adrenalectomized (4 days) and cortisone- 
treated (2 mgm./day for 4 days) rats were incubated with shaking 
for 2 hr. at 37° in 5 ml. Krebs-Henseleit bicarbonate buffer. Con- 
centration of substances used were: [1-'"C]-aminoisobutyrie acid, 
1-37 x 10°*M; L-phenylalanine, 4:9 x 10-° M; L-lysine, 6-55 x 
10°-* MW: histamine, 1 x 10— M. The radioactivity added was, in 
each experiment, 0-5 we./ml. Accumulation of soluble radioactivity 
was determined by extracting diaphragm with 10 ml. of 1 per cent 
trichloracetic acid at 100° for 5 min. Aliquots of the soluble ex- 
tract and of the incubation medium were diluted, plated and assayed 
with a gas-flow Geiger counter. The results are expressed as the ratio 
of counta/min./ml. intracellular water (assumed to be 75 per cent of 
wet weight) to counts/min./ml. incubation medium; a ratio greater 
than one indicates intracellular concentration against a gradient. 
The value of P for a difference which is significant is given in brackets. 


* Mean + S.E. of mean; number of observations in parenthesis, 
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effect on protein biosynthesis*,*. 
Whether corticosteroids also effect 
protein synthesis indirectly by in- 
fluencing amino-acid transport and 
accumulation is not known. The 
possibility was tested by measuring 
the penetration and accumulation 
of [1-'C-]-aminoisobutyric acid‘, a 
non-utilizable amino-acid analogue, 
and of the utilizable amino-acids 
[U-"C] L-phenylalanine and [U-“C] 
L-lysine, by ‘intact’ diaphragms? 


isolated from normal, adrenal- 
ectomized, and  cortisone-troated 
rats. 


Cortisone significantly depressed accumulation in 
skeletal muscle of [1-"C]-aminoisobutyric acid and of 
L-phenylalanine and L-lysine; adrenalectomy was 
without effect on this process (Table 1). It is con- 
cluded that increased protein biosynthesis after 
adrenalectomy is not due to stimulation of amino- 
acid penetration; decreased accumulation could 
contribute to the depression in protein synthesis 
after cortisone. 

The decrease in amino-acid penetration after 
cortisone has another and possibly more important 
implication, namely, that the mechanism of cortico- 
steroid protection against inflammation and allergy 
may involve exclusion from cells of inciting hamral 
substances, similar in structure to the amino-acids, as 
for example histamine. This possibility was tested. 
Cortisone decreased accumulation of carbon-14 
histamine by isolated muscle (Table 1). The bio- 
chemical basis of the anti-inflammatory and anti- 
allergic action of corticosteroids may be a decrease in 
the penetration into cells of a local humoral substance 
(histamine or like histamine) which in turn serves as 
the stimulus for tissue changes in inflammation and 
allergy. 

This investigation was aided in part by a grant 
(A-1653) from the National Institutes of Health, and 
by the Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 

Ira G. Woon 

Department of Physiology, 

University of Chicago. 
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IMMUNOLOGY 


A Possible Basis for Immunological 
Tolerance 


Tue following hypothesis is based on the possibility 
that, although the mechanism for the entrance of 
macromolecules into the cell may be the relatively 
non-specific phenomenon of pinocytosis, the mechan- 
isms for secreting materials out of the cell may be 
specific. ‘These unknown (probably active) transport 
mechanisms will, for ease in referring to them, be 
called ‘secretases’, by analogy to the bacterial 
permeases, which are concerned with entry rather 
than exit mechanisms'. Simple diffusion would 
account for only a small part of the macromolecular 
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_ traffic in either direction across the membrane, since 





most of the ‘pores’ or holes in the cell membrane e 


would be too small to allow passage of the large 
_ protein molecules. 
. The very young or embryonic animal is generally 
_ incapable of giving an immune response or forming 
. antibodies ; at what particular stage it does acquire 
the ability to respond depends upon the species of 
- animal. The degree of relationship of the antigen to 
native components of the animal may also be 
important. In the developing animal the cells of the 
< future globulin- and antibody-synthesizing system 
re in the process of rapid division and differentiation. 
_ In some unknown manner cells acquire the ability to 
= produce globulins of many different configurations. 
_ Itis suggested here that a mechanism (the ‘secretase’) 
is induced in these celle to secrete the synthesized 
serum protein into the serum. Secretases would also 
be induced to act on the materials produced by the 
other cells, and brought into any given cell by non- 
< Selective processes. 
< The number of different secretases need not be 
impossibly large ; there may well be, for example, a 
few relatively unchanging regions common to many 
different globulin molecules. Other regions of the 
globulin molecules would be more variable? and 
would account for the many different antibody 
“spéifigities. Porter? has evidence that the y-globulin 
molecule consists of three parts: fraction III is 
_ apparently identical in all gamma-globulin molecules, 
“and fractions I and II contain the antibody-combining 
sites. The types of secretases inducible would be 
under genetic control, and only those secretases for 
which there were genetic information available would 
be inducible. The inducibility of un-induced secretases 
would be lost or inhibited in the mature animal, 
although the fact that X-irradiation‘ or treatment 
with 6-mercaptopurine® can restore the ability to 
acquire tolerance suggests that this type of differen- 
tiation is not irreversible for the organism as a,whole. 
_ According to this hypothesis, antigen injected 
into the normal animal would be collected in cells by 
non-specific mechanisms, and, not being able to get 
out, would be metabolized. Humphrey‘ has suggested 
that foreign materials in the circulation are removed 
from the tissue fluids by the mechanisms that deal 
with similar native materials. In those cells where 
molecules with a configuration complementary 
“to the antigen (antibodies, usually y-globulins) were 
being produced, combination between the two 
would occur intracellularly. The resulting complex 
would then be broken down, and the increase in 
-metabolites might be the stimulus that causes these 
_ cells to grow, accelerate their production of antibodies, 
and proliferate. Talmage’s observation’ that the 
eater the binding of the antigen to the antibody, 
the greater the degree of stimulation of antibody 
_synthesis, would be explained by a facilitated break- 
down of the antigen-antibody complex in those cells 
where the affinity of the antigen for the antibody was 
strongest. Cinader and Pearce’ observe that “the 
difference between the half life of H.A. [human 
albumin] in normal and in tolerant animals may 
indicate the possible existence of a specific process of 
elimination which acts before the final rapid elimin- 
‘ation of antigen by antibody begins. This process 
‘may be abolished by injection of antigen immediately 
after birth”. 
< Presence of the antigen during the critical induction 
-period would result in the induction of a secretase for 












tolerance. The tolerant animal could not form 
antibody against the tolerated antigen, or against its 
own serum proteins, because the secretase would 
prevent these molecules fr 





antibody production. : 


Humphrey* has shown that in at least one case 


rom accumulating in the > 
cells in amount sufficient to stimulate detectable | 





homologous protein persists intact within katabolizing Shae = 


cells for only a very short period of time. One might ~ 


predict, on the basis of this hypothesis, that antigen 
would be eliminated:from the serum of non-tolerant 





animals, prior to their immune response, at a faster 
rate than it would be eliminated from the serum of | 


tolerant animals. Cinader and Pearce! found that 
non-tolerant animals could eliminate antigen from 


the serum at a faster rate than tolerant animals; 


however, work by Denhardt and Owen’ with a small 
number of rabbits indicated that tolerant animals 
could eliminate antigen from their sera at a 
greater rate than non-tolerant animals. Further 
study of this problem is highly desirable. 

In conclusion, it is realized that tolerance may be 
equally well accounted for in terms of induction of a 
specific enzyme katabolizing the antigen; perhaps 
what is required is a synthesis of these two points 
of view. The ‘secretase’ may be considered as the 
hypothetical ‘recognition unit’ postulated by Burnet 
and Fenner. 

The encouragement and expert guidance of Dr. Ray 
Owen and the helpful suggestions of Prof. Peter 
Medawar are gratefully acknowledged. 

D. T. DENHARDT 
Swarthmore College, - 
Swarthmore, Pennsylvania. 
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HA-MAT OLOGY 


A New Electrophoretic Medium and its ; 
Application to the Resolution of Human . 
Hzmoglobin Variants 


SEVERAL techniques for the analysis of protein 
mixtures by either zone electrophoresis on inert 
media’ or chromatography on ion-exchange cellulose 
derivatives have been deseribed?.?.° Greater scope 
and versatility should result if the supporting medium 
used for zone electrophoresis itself ionizes. In standard 





gel-electrophoresis techniques, ion transport takes <. 
place almost exclusively through the interstitial — 


solution. The incorporation of ion-exchange groups 
into a gel superimposes a selectivity effect, the 
migration of the ions being retarded to a varying 
extent depending on their affinity for the exchanger. 
Attempts to use ion-exchange cellulose papers in 
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this way have to far bead unencocesfal. It is, howell: 


also possible to prepare these cellulose derivatives 


_in gel form. Electrophoresis on such a continuous- 
yg ion-exchange medium has not been reported: 

itherto. This communication is a preliminary 
report on the combination of electrophoretic and 
ion-exchange techniques applied to the separation of 
human hemoglobin variants, using carboxymethyl 
cellulose gel as the supporting medium. 

The sodium counter-ion form of the weakly acidic 
cation exchanger, carboxymethyl cellulose, is soluble 
in water at degrees of substitution above about 0-3, 
while below 0-15 the exchanger is fibrous though 
swollen. Between these limits it is in gel form, and by 
suitably modifying the dard preparative tech- 
nique a range of gels can be made (Jakubovic, A. O., 
unpublished results). Certain aspects of the fibrous 
exchanger have been described?.’, and it has also been 
applied to the chromatographic separation of hemo- 
globins by Huisman and his colleagues’. 

One batch of gel (supplied by W. and R. Balston, 
Ltd.), carboxymethyl cellulose of 0-18 substitution, 
having a cation-exchange capacity of 1-05 m.equiv./ 
gm. dry, and swollen to 90 per cent water content, was 
used throughout the experiments. After purification 
by dialysis in de-ionized water, the gel was dialysed 
with the appropriate buffer—sodium phosphate of 
0:17-0:04 M sodium ion concentration—and placed 
in a suitable ‘Perspex’ boat. The final pH in the gel 
was 6-7. Electrophoresis was carried out overnight. 
The naturally occurring hemoglobin combinations 
used in the i E described were hemoglobins 
A, SC, AS, AF (thalassemia major, HbF = 75 per 
cent) and AJ. 

The hæmoglobins invariably migrated to the 
cathode, the rate of migration increasing with the 
sodium ion concentration. At the highest concen- 
trations used, the hæmoglobins moved through the 





Fig. Electro of human hæmoglobin variants on 
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Fig. 2. Electrophoresis of human hemoglobin variants on carboxy- 
~ ee gel. (a and b) Effect of variation of the sodium 
tion on the separation oe A, 5 and O. 
y OaE us ae ar nee ion pehiewes at 0-07 M 
ding separation of hmmoglobins A hand F 
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Table 1 a 


Starch-gel electro- | Carbox 1 Carboxymethy] 


electrophoresis 
(pH 6-7) 
In sequence of Segoe ary migration 
to the cathode 
HS very co 
very 
Hay together 
HbA, aay” J 


(sodium 
phosphate pH 6-8)* 


chromatograph 
(pH 7-8) (ref. 3). 





* Huehns, 
(unpublished ao 
gel rapidly, showing only slight separation (Fig. la). 
On lowering the sodium concentration they moved 
more slowly, migrating at various rates, but always 
in the order hæmoglobin A followed by hæmoglobin S 
and F close together and then C; atthe lowest sodium 
concentration used they remained close to the 
origin (Fig. 1b). By varying the sodium ion concen- 
tration, either the hæmoglobin § to C or the hæmo- 
globin A to 8 gap could be magnified (Fig. 2a and b). 
The best overall separation was achieved with a sodium 
ion concentration of 0-07 M (Fig. 2c). This figure also 
shows clear ration of hemoglobin A from F, 

In Table 1 the order of migration in starch-gel 
electrophoresis, carboxymethyl cellulose gel electro- 
phoresis and chromatographic elution from fibrous 
carboxymethyl cellulose are compared. Under the 
carboxymethyl cellulose gel electrophoretic conditions 
used, the ion-exchange effect was predominant. 
From Table 1 it can be seen that hamoglobins C, S 
and F are strongly held by the gel, but in the case of 
hemoglobin J the ion-exchange and electrophoretic 
effects seem to be balanced and therefore hæmo- 
globins A and J did not separate. 

It would, however, be possible to change the pH 
of electrophoresis in such a way that the charge on 
the protein was reversed, and the migration would 
then be unaffected by the ‘exchange groups of the gel. 
The influence of the latter depends on the concen- 
tration and ionization of the carboxyl groups. The 
concentration can be varied by changes in degree of 
substitution of the cellulose and swelling, the 
ionization by varying the pH and ionic concentration 
of the ambient electrolyte. Only the last has been 
utilized here. The effect of varying the capacity and 
swelling of the exchanger gel and the pH of electro- 
phoresis, as well as the wider utilization of this new 
method of gel-phase ion-exchange electrophoresis, is 
being investigated. 

We wish to thank Dr. E. M. Shooter for helpful 
advice and discussion. The work was carried out 
during the tenure by one of us (E. R. H.) of a Beit 
Memorial Fellowship. 


, Flynn, F. V., Butler, E. A., and Shooter, E. M, 
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PATHOLOGY 


Chronic Aortitis in the California — 
Sea-lion, Zalophus californianus 


¿€ DURING a long-term study on the general biology 
- Of the California sea-lion, Zalophus californianus 
=< (Lesson), it became evident that degenerative diseases 
-associated with ageing are very common in this 
species. Therefore, a study of the heart and aorta 
‘was undertaken. 
Circulatory disease in captive pinnipeds has been 
_ extensively studied by Fox! over a number of years. 
His findings included arteriosclerosis with typical 
_ medial involvement as well as myocarditis. Of the 
. ten pathological specimens he found during this 
. work, no indication was given of the genus and species 
< Anvolved ; all animals were grouped under the order 
i Pinnipedia. 
-ooo The present study deals with lesions in the aorta of 
three mature bull sea-lions and is the first report of 
- such pathology in this species to be found in a wild 
population. The hearts of seventy animals of both 
pexes were taken at random for study from a total 
collection of some two hundred specimens; these 
¿were obtained over the past two and a half years 
from iglands off the coast of Baja California, Mexico. 
The collection area ranged from Los Coronados 
Islands (lat., 32° 26’ N. ; long., 117° 16’ W.) to Cabo 
San Lucas, the extreme southern tip of Baja Cali- 
- fornia (lat. 22° 45’ N.; long. 110° 00’ W.). All three 
>of the abnormal individuals were secured on Los 
Coronados Islands, where most of the males were 
collected. 
> ABs soon as possible after killing, the hearts were 
removed leaving several inches of aorta attached : 
after rinsing in water, the tissue was preserved in 10 
-per cent formalin for later examination. The aortas 
were screened for visible lesions. Of the three speci- 
mens exhibiting gross pathology, two were sent to 
two separate laboratories for section and independent 
histopathological study; the third was retained 
and examined by us. The three diagnoses were 
identical. The sections were stained with haematoxylin 
. and eosin, No gross myocardial disease was evident 
| in any case. 
Using the Lieberman—Burchard reaction on ether 
extracts of the finely ground material, samples from 
the pathological areas revealed a considerably higher 
. eholesterol content than samples of the tissue from 
“apparently normal adjacent regions. 
<< Grossly, the intimal surface of the arteries con- 
tained numerous punctate elevations which, in the 
ost extreme case, resembled tree bark. Approxi- 
tely 10 per cent of the intimal surface was involved 
-the affected areas ranged in width from 0:1 to 
5em. 
Microscopically, the. sections of aorta revealed 
-extensive active aortitis, while other areas showed 
healing. The intima itself was not involved ; rather 
there was, in the foci of the active areas, an extensive 
flammatory reaction in the media, extending from 
the. subintima to the adventitia. The disease process 
involved destruction of elastic tissue about the blood 
essels and an infiltration of plasma cells, macro- 
hages and lymphocytes. A secondary fibrosis in 
he subintimal areas overlaid the zones of aortitis. 
he healed areas contained abnormally large blood 
essels surrounded by small amounts of scar tissue. 
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n many respects the condition found in ‘ican, 
_sea-lions resembles the aortic lesions found in chronic _ 
“human syphilis, although the etiology of the disease. > 
-in these animals is unknown. 


The work was accomplished while the senior 
author served as a research assistant of the Institute 
of Marine Resources at the University of California 


and while the junior author held a fellowship-grant a 
from the San Diego County Heart Association, to. 
The work. 


which grateful acknowledgmentis made. 
was made possible by the effective co-operation of 
the Mexican Government. 


Our sincere thanks are due to Dr. Lewis A. Palmer, .. 
La Jolla Clinical Laboratory, and Dr. Findlay E. ©... 
Russell, College of Medical. Evangelists, Los Angeles, Eee 
for their kindness.in the preparation and diagnosis of eon 


the sections. 
ARTHUR L. KELLY 
DAVID JENSEN 
Scripps Institution of Oceanography, 


La Jolla, 

California. 
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BIOLOGY 


Inactivation by Visible Light of Yeast 
sensitized by a Nucleic Acid Fluorochrome 


Precise and reproducible survival curves have 
previously been obtained for haploid and diploid 
yeast irradiated with X-rays and with ultra-violet 
light}... 2, Similar curves have now been obtained for 
the inactivation by visible light of yeast cells sensi- 
tized with the fluorescent diaminoacridine’ dye, 
acridine orange (3,6-b¢s-dimethylaminoacridine). 

Celis of a haploid (SC-7) and a diploid (50-6) 
strain of the yeast, Saccharomyces cerevisiae, were 
used in resting condition following seven days 
growth on potato dextrose agar at room temperature, 
Survival was measured by colony count on agar 
plates after three days incubation at 30°C. in the 
dark. The light source was a General Electrie R-52 
750-watt flood-lamp filtered to remove wave-lengths 
greater than 6000A. and less than 4100A.; the 


incident flux at the level of the samples was approxi- : 


mately 105 erg/cm.*/sec. 20 min. before irradiation, 
highly purified acridine orange was added to a 
suspension of 10° cells/ml. in pH. 7 phosphate buffer to 
make a final dye concentration of 1 : 200,000 or 


1:8 x 10° M. Details of the dye purification process _ ae 


and of experimental technique will be given elsewhere. 
All operations were performed under red light. 


‘Neither visible irradiation in the absence of dye nor 


the presence of dye without irradiation produced 
inactivation. 

Typical visible light inactivation curves for haploid 
and diploid yeast are shown in Fig. 1. These curves 
exhibit high reproducibility except for the resistant 
‘tail’ appearing at low diploid survival. (Such 
variable tails are also found for X-ray and ultra- 


violet inactivation.) These curves are similar to those - 


obtained for ultra-violet inactivation? in that they ~ 


are multi-component types of low ‘hitness’ and that 
the diploid is more resistant than the haploid. 

These similarities between the visible and the 
ultra-violet inactivation curves tempt one to con- 
clude that visible light inactivates some of the same 
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sites that are sensitive to ultra-violet and that at 
least part of the damage can be explained by the 
replica diploid model*.* which has been invoked to 
account, in part, for the well-known difference in 
sensitivity between haploid and diploid yeast for 
ultra-violet and for X-rays. However, the equality of 
_..the limiting slopes of the haploid and diploid curves, 
which would be required if all the damage resulted 
from. a replica diploid mechanism, is lacking. To 
examine’ further the nature of the visible light 
= inactivation, perhaps the best approach (made 
feasible by the reproducibility of the survival 
- curves) is that of additivity experiments in which 
doses of X-rays, ultra-violet and visible light are 
zocc eombined. From a series of such experiments, we have 
-o eoneluded that there is indeed considerable overlap 
among the targets and sites sensitive to these different 
radiations and that the difference in visible light 
“sensitivity between the haploid and diploid strains 
“ean be explained, in part, on the basis of the replica 
diploid model. These experiments will be reported 
als 


























ine These curves are of interest for several reasons. 
There has recently been much interest in the applica- 
tion, of diaminoacridine dyes, particularly acridine 
orange, as stains in fluorescence microscopy’. These 
dyes allow one, on the basis of the different colours 
of the emitted light, to localize and distinguish 
structures containing ribonucleic and deoxyribo- 
nucleic acids within a cell. Most of this work has 
been. done on fixed preparations with impure dye. 
Although the dyes will also stain the living cell, 
. .. there are reports of deleterious effects on populations 
of micro-organisms and on cells in tissue culture®-°. 
< It is likely, especially in view of the strong fluores- 
E. -cence of these dyes, that much of the damage reported 
2 - in eens be cea is caused by photodynamic 





_ absorbed by the bound dye, as 
|“ yeast inactivation reported above. Indeed, regener- 
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action or other Ghotoinsctivation resulting from light 
as is the case with the 


ation of liver tissue within the living rat has been 
shown to occur in the presence of proflavin’*. It is 
then possible that under appropriate conditions 
these dyes can be used for non-injurious staining of 
many kinds of living cells. We have found that this 
is in fact the case for low concentrations of dye and 
that if suitable precautions are taken against the 
action of visible light (that is, by growing cultures 
in the dark and working by red light), such diverse 
materials as yeast, Escherichia colt and human liver 
cells in culture not only withstand exposure to 
acridine orange while in the resting state but also 
multiply indefinitely in concentrations of dye suffici- 
ent to permit observation of actively dividing cells 
with a sensitive fluorescence microscope (unpublished 
work). 

By detailed analysis of inactivation curves, it may 
be possible to identify the specific intracellular sites 
to which the dye molecules are actually bound in 
vivo. Further, if most of the dye contained in the cell 
is bound specifically to nucleic acid and if the photo- 
damage results’ from action upon these molecules 
alone, then there may be available a method for 
destroying part or all of a nucleic acid molecule 
without the concomitant effects upon protein which 
result when ultra-violet radiation is used f& this 
purpose. 

This investigation was aided by research grant 
C-2739 from the National Cancer Institute of the 
United States Public Health Service. One of us 
(D. F.) was supported by a National Science Founda- 
tion Predoctoral Fellowship. 
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Pure Culture of the Trichomycete, 
Amoebidium parasiticum 


Tue Trichomycetes as defined by Duboscq et al.t 
include four orders of little-known fungi. Common 
characteristics of this class include a polarized 
thallus of limited growth, a basal holdfast, and 
association with various arthropods, usually as 
endocommensals in the digestive tract. 

Previous work on the Trichomycetes has raised 
some interesting problems for both the botanist and 
zoologist. There are repeated suggestions in the 
literature that the resistant stages of the Tricho- 
mycetes are induced by host moulting. If this should _ 
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be the case, it immediately brings to mind the close 

ation existing between the wood-roach flagellates 
and their host during the moulting period?. Numerous 
questions on host specificity, host relations and 
nutrition await further investigation. A possible 
answer to some of these questions can be obtained 
through experimental approaches utilizing pure 
(axenic) cultures. Previous investigators have failed 
to isolate any member of the Trichomycetes in pure 
culture. Lichtwardt? and I (unpublished work), 
utilizing varied methods and conditions, failed to 
culture members of the Eccrinales. 

The discovery of a large population of various 
Cladocera infected with Amoebidium parasiticum 
(see Fig. 1, left) has made possible cultural attempts 
with this Trichomycete. Heavily infected animals 
were dissected in sterile diluted pond water. This 
dissection resulted in the release of numerous endo- 
spores into the water. The endospores were retrieved 
with a fine capillary pipette and carried through three 
washes of sterile water. The spores were then trans- 
ferred in a drop of water to dilute (0-1 per cent) 
tryptone agar plates and streaked with a sterile glass 
rod. Colonies of Amoebidium parasiticum, which 
were free from bacteria, were observed after three 
days (see Fig. 1b). They were then transferred 
to 1 ml. of water at the base of a tryptone agar slant 
and to a tryptone-glucose broth. Good growth 
occurred on both of these media and purity was 
maint&ined. (Composition of broth : 5 gm. tryptone, 
3 gm. glucose per litre. Total phosphate, 0-003 M ; 
inorganic constituents as indicated by Machlis*.) 





Fig. 1. (a) Thalli Ot A. Zeman attached to plumose sete of Simocephalus sp, (Cladocera). 
x 350. (b) of A. parasiticum grown in tryptone-glucose broth, x 170 


Reproduction in pure culture is by endospores and 
factors causing amceba formation have not yet been 
determined. As Amoebidium parasiticum is usually 
an ectocommensal and exhibits a rather low host 
specificity it is perhaps not surprising that it was 
obtained in pure culture. The techniques utilized are 
fairly standard® and have been used by Emerson in 
culturing O¢edogoniomyces lymnaeae and by me in 
culturing Harpochytrium hedenii. Both these fungi 
have unbranched thalli with basal holdfasts. However, 
their vegetative reproduction is by uniflagellate 
zoospores and they are not associated with animal 
hosts. It is believed that a comparative study using 
pure cultures of Amoebidium, Oedogoniomyces and 
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Harpochytrium will yield information on the biology 
and relations of these interesting organisms. 


Howarp C. WHISLER 


Department of Botany, 
University of California. 
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Furunculosis in Salmon Kelts 


ACCORDING to the report of the Furunculosis 
Committee", this disease is most common among 
salmonids during the summer, when river-levels are 
low and when the water temperature lies within the 
range 55-66° F. The final report of this Committee! 
does, however, mention the occurrence of this disease 
in spawning or spawned salmon “in at least two dis- 
tricts in Scotland”’, but no further details are given, 

Large numbers of salmon die in the rivers each year 
after spawning. The cause of this mortality, which is 
heavier among males than among females, is unknown, 
but it is commonly supposed to be the outcome of a 
period in fresh water without food and of the strain 
imposed by movement upstream followed by spawn- 
ing. 
During the autumn of 1958, salmon were impounded 
in the upper reaches of a Scottish river for stripping. 
Three of these fish died before 
stripping, and it was later found 
that they had died from furun- 
culosis ; more of the fish died after 
stripping, again, as was after- 
wards learned, from furunculosis. 
These results suggested either that 
these fish had become infected dur- 
ing their period of impoundment 
or that furunculosis was a more 
common cause of death in kelts 
than had been supposed. To ex- 
amine the latter possibility, dead 
or dying kelts were collected from 
the lower reaches of the river in 
question and from three other 
Scottish rivers. In all, 96 kelts 
were examined and, of these, 85 
had furunculosis. 

River-levels were very low dur- 
ing November and December 1958, 
and these unusual conditions may 
have contributed to this result, in 
that fish were more closely con- 
gregated than usual, offering fav- 
ourable conditions for the spread of disease, and dead 
fish were more easily seen and removed. Observa- 
tions on the occurrence of furunculosis in kelts were 
therefore again made in 1959. Most of the rivers were 
in spate during the spawning season of that year, so 
that recovery of dead kelts was more difficult. To 
date, 24 kelts have been received from 5 rivers, and 
9 of the kelts had furunculosis. This incidence of 
furunculosis in kelts was not confined to Scottish 
rivers, as during 1959, 14 salmon kelts were examined 
in England and Wales. I am indebted to Mr. F. T. K. 
Pentelow, chief salmon and fresh-water fisheries 
officer, for the information that 11 of these were 
suffering from furunculosis. 
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Whether or not the incidence of furunculosis among 
kelts in the Scottish rivers in 1958 was unusually 
high, the two sets of results suggest that the normal 
incidence of this disease in kelts is high enough to 
warrant further investigation. As this might be an 
important factor in the spread of the disease, these 
observations will be continued. 

i IsaBEL W. SMITH 
Marine Laboratory (Department of Agriculture 
and Fisheries for Scotland), 
Aberdeen. 


t Final Report of the Furunculosis Committee (H.M. Stationery 
Office, 1935). 


Genetical and Biochemical Studies of the 
Immobilization Antigens of Paramecium 
aurelia 


HiGu ty purified preparations of the immobilization 
antigens of Paramecium aurelia, about which extensive 
genetic studies have been described previously’, are 
now known to consist largely of protein (ref. 2 
‘and unpublished work by J. O. B.). With the aim 
of obtaining information on genetically controlled 
protein variations, we have made a preliminary study 
of the physicochemical properties of some of these 
antigens, using various stocks of P. aurelia (variety 1). 
The antigens studied are denoted 60D, 90D, 103D, 
33D, 60G, 60T. Formation of the first four is governed 
by a series of alleles denoted D*, D®°, ete., and of the 


- fifth by a non-allelic gene G* in conjunction with a 


different cytoplasmic state. The type 60T is produced 


in conjunction with a third cytoplasmic state ; but 


‘the genic basis of this type has not been investigated. 


The immunological relationships between the 
different types of antigen appeared to vary according 
to the kind of test which was performed. By the 
immobilization test very little cross-reaction was found 
when any heterologous combination of the above- 
mentioned antigens and the various antisera was 
made. Other tests, however (absorption of immobiliz- 
ing antibodies by whole Paramecia or migration of 
precipitin bands in agar-gel diffusion experiments), 
showed that the four D antigens are immunologically 
related to each other, and are unrelated to the 60G 
type (J. O. B., unpublished work). 

Electrophoretic behaviour of the antigens was 
studied on starch-gel at pH 9-6 by a modification of 
the method of Smithies*. A gradient of 30-40 V. per 
em. was found to be necessary to get appreciable 
movement of the antigens and the runs usually lasted 
6-8 hr. After this time a slice of the gel was removed 
and stained with nigrosin, showing the presence of a 


_single band of protein near the origin on the anode 


side. All other mobile proteins had passed into the 
anodic buffer vessel by this time. Correspondence 
of the stained band with antigen was shown by 
taking a parallel slice of gel and testing the eluate 
obtained from it for specific serum-blocking activity. 

In this way the electrophoretic mobilities of the 
antigens were compared and it was found that type 
60G moved toward the anode significantly more 
slowly than any of the D types (see Fig. 1), and type 
60T was the fastest. All four (allelic) D types were 
apparently identical in mobility under these con- 
ditions. 

Some of the antigens were also compared in regard 
to their adsorption—desorption behaviour on a column 
of calcium phosphate, using the technique of Tiselius 
et al.. Partially purified preparations of various 
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Fig. 1. Pho ph of starch-gel slice containing three samples 
ot antigen, stained with nigrosin after 4 hr. electrophoresis at 


30 V. per cm., pH 9-6 


antigens were applied to the column and elution was 
then carried out with phosphate buffer at pH 6-8, 
starting with an ionic strength of 0-001 M and 
increasing stepwise to 0-05 M. Protein in the samples 
of eluate was measured spectrophotometrically by 
ultra-violet absorption at 280 my and antigenic 
activity assayed by serum-blocking. It was found 
that antigen 60G was eluted by buffer at an ionic 
strength of 0-005 M, 60D and 60T at 0-01 M and 90D 
at 0-05 M. When two antigens (60D and 90D) were 
mixed together and chromatographed on calcium 
phosphate, two peaks of protein—each containing 
only one antigen—were obtained at positions on the 
elution diagram corresponding exactly to those found 
when the two antigens were chromatographed 
separately. 

We therefore conclude that the electrophoratic 
comparisons of the different antigens studied to some 
extent parallel the immunological and genetical 
relationships : antigens which are unrelated immuno- 
logically and controlled by genes at different loci 
(for example, the G and D types) differ electro- 
phoretically ; anti which are immunologically 
closely related and controlled by allelic genes at a. 
single locus do not show electrophoretic differences 
under the conditions chosen, but do differ in regard 
to their adsorption—desorption behaviour on calcium 
phosphate. 

More detailed accounts of the work referred to here 
will be*published elsewhere. Thanks are due to the 
Medical Research Council for a grant supporting this 
work. 

J. O. BISHOP 
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BACTERIOLOGY 


Mechanism of Immunity in 
Hemorrhagic Septicemia 


HÆMORRHAGIO septicemia of cattle and buffaloes 
caused by Pasteurella multocida type I kills many 
thousands of animals in Asia each year. It is possible 
to immunize against the disease effectively with 
improved vaccines, and in addition 5-10 per cent of 
animals possess a naturally acquired immunity. 
Both kinds of immune animals have in their sera 
circulating antibodies which are detectable by the 
passive mouse protection test. Hitherto, it has been 





it to find whether these “protective antibodies 
operated by a bactericidal or an opsonizing mechan- 
ism. Experiments using cultured bacteria, even those 
_ from primary plates sown with infected blood, showed 
“no significant differences between known positive 
and negative sera in the bactericidal test of Muschel 
and Treffers', or in phagocytosis tests in roller tubes 
“using heparinized or citrated blood. | 





Recent experiments in Australia and Thailand — 


using pasteurellas grown in vivo in cattle and buffaloes 
give clear results in both bactericidal and phagocyto- 
is tests. In 25 buffaloes and 6 cattle, complete corre- 
ation was obtained in mouse protection, serum 
pricidal, opsonizing tests and direct challenge of 
» donor animals by subcutaneous injection of 
000 LD of the pasteurella. Twenty-six were positive 
all tests and survived ; five were negative to all 
_ tests and succumbed. In the latter group an ocea- 
sional leucocyte was found containing a single 
_ pasteurella, whereas in the positives nearly every 
_polymorphonuclear cell in the smears from roller 
_ tubes contained several pasteurellas. The bacteri- 
_ cidal effect was measured by the ability of fresh sera 
in dilution of 1 ml. in 10 ml. broth to prolong the lag 
“phase of the inoculum of pasteurellas introduced in 
0:01 ml. infected serum. When growth occurred 
-after the period of inhibition there was no agglutina- 
tion except in the very strongly reacting sera. Mice 
_ino@ulated with 0-1-ml. samples withdrawn 30 min. 
_ after the positive tests were set up survived, whereas 
those inoculated from negative tests died. This 
indicates a bactericidal effect on the inoculum rather 
than a temporary agglutinating action ; the amount 
of serum in the inoculum was only one-tenth of a 
mouse protective dose in a conventional passive 
immunizing test. Parallel tests conducted with 
cultured pasteurellas were uniformly negative for 
_ bactericidal action, and phagocytosis was approxim- 
ately equal in both immune and control bloods. 
_ Extraction by 2-5 per cent aqueous solution of 
sodium chloride of dried cultivated pasteurellas 
¥ielded 0-5 per cent by weight of a ketose-containing 
“polysaccharide which is disposed mostly at the 
surface of the small capsules. This substance was not 
_ detectable in pasteurellas grown in vivo®. This is the 
only difference known at present between the two 
kinds of bacteria which might account for their 
different reaction in the bactericidal tests. 
oS R. V. 8. BAIN 
-Department of Veterinary Pathology, 
=> University of Sydney. 
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Nitrogen Fixation in Extracts of Azoto- 

i ndii 
oi] micro-organisms, 
er and Clostridia, fix 
gh.several attempts 
te: the incorporation of 
_of these micro-organisms 
eon variable and of doubtful 
ts pared from Azotobacter 
16° cells with lysozyme, incor- 
W amounts of nitrogen-15, namely, 
1 enrichment of 0-04 atom per cent excess? We 
ive recently succeeded in preparing cell-free extracts 
om. Azotobacter vinelandii, either by treating the 
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Fig. 1. Effect of lysozyme on the disruption of cells of wtzolobacter 
vinelandii measured in l-cm. cells at 660 my in a spectrophoto- 


meter, Assay system given in text. O--O, No lysozyme; 
x- x, lysozyme added aS AT seth 


colls with lysozyme or with the ultrasonic probe, 
which will incorporate nitrogen-15 at a measurable 
rate. The cells must, however, be disrupted in. 
the culture medium in which they were grown. eo 
Azotobacter vinelandii (O strain) was kindly supplied 
by Dr. R. Burris and Dr. P. Wilson, Wisconsin . 
University, Madison. The bacteria grown in 500 ml... « 
of Burk’s nitrogen-free medium? (pH 7-2) in litre 
flasks were well aerated in shake culture with sterile 
air. After 24-hr. growth, when the optical density = 
readings of 3 ml. aliquots of the medium in I em. ` 
cells were between 0-5 and 0-8, the cells were dis- 
rupted either with lysozyme or, alternatively, with 
an ultrasonic probe. The lysozyme treatment-was a 
modification of Repaske’s method? for lysing Gram- 
negative bacteria—50 ml. culture solution containing 
the cells was put in a 100 ml. conical flask, the pH. 
adjusted to 8-0 with 0-01 N sodium hydroxide and 
the following reagents added; 5 ml. 0-1M sodium 
pyrophosphate (pH 8-0), 5 ml. disodium vergenate 
(0:16 mgm./ml.) and 5 mil. egg-white lysozyme 
(0-2 mgm./ml.). The decrease in optical density of 
the suspension was followed at 660 my in a l-er. 
spectrophotometer cell. The results in Fig. 1 show 
that at pH 8-0 almost complete lysis of the cells was 
achieved within 2 hr. The pH of the lysate was then 
adjusted to 7-2 with 0-01 N hydrochloric acid since 
nitrogen fixation in whole cells is maximal at this 
value. ao 





The ultrasonic treatment with the Mullard probe — 
(20 ke./s.) was as follows: 30 ml. eulture medium 
containing the cells was put into a double-wall glass _ 
vessel (40 ml. capacity) which was kept cool by 
circulating iced water through the jacket. The 
contents were agitated with a magnetic stirrer and the . 
cells were subjected to ultrasonic treatment for 15 
min. 

Cell-free extracts from either treatment were 
prepared by centrifuging at 25,000g for 30 mim. in a 
refrigerated centrifuge at 4°C. Microscopie exam- 
ination confirmed the complete absence of whole 
cells from these extracts. i. 





fitted with Thunberg type stoppers so that the 
contents, usually 10 ml., could be evacuated to 0-1 
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mixture : 30 per cent nitrogen: 30 per cent oxygen : 
40 per cent helium.. The nitrogen was 30 per cent 
i iched with nitrogen-15. The vessels were sealed 

and put on a re¢iprocator for: 18 hr. (80 oscillations/ 
min.) at 30°C. “The samples were digested with 







4 ml. sulphuric acid (ðnalytical reagent) s.g. 1-84, 


0-5 gm. catalyst mixture (4 gm. mercuric oxide : 


for 6 hr. A suitable aliquot containing between 30 
‘and 400 ugm. total nitrogen, as determined in the 
Markham apparatus, was distilled into 5 ml. 0-07 N 
sulphurie acid (analytical reagent) and the volume 
reduced to approximately l ml. in a boiling-tube 
before transferring it into one arm of a Rittenberg 
tube. The enrichment of nitrogen-15 in the samples 


: _, was determined by the method of Sims and Cocking‘. 
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Table 1.° FIXATION oF NITROGEN-16 IN EXTRACTS OF Azotobacter 
vinelandit 
Atom percentage nitrogen-15 excess 
A. Extracts prepared by lysozyme treatment 
ot “(dp (2) ” | (3) | (4) | 
Lysis of cells with Supernatant solu- 
l lysozyme. Super- | Boiled tion from (2) 
i Whole | natant solution super- | treated with 10 
celis | used after centri- | natant | per cent w/v tri- 
fuging at 25,000g | solution | chloracetic acid | 
| for 30 min. from (2) | 
‘Exp.1 | 4-00 | 0-22 o | 0 | 
Exp. 2 | 354 0-54 | 0 0 | 
A Bs tnt vice bccn A TNS A a a] 
arn 7 A fe B. Extracts prepared by ultrasonic treatment 
oe i i a ae | Da | 
| * OG) (2) _ (3) (4) 
Whole Ultrasonic | Supernatant solution | | | 
cells treatment of | after centrifuging at: Boiled super- 
cells 25,000¢ for 30 min. | natant solution | 
| “(15 min.) | from (2) | 
| 2-54 0-885 ü | 
i i 








The results in Table 1 show that the cell-free 
extracts of Azotobacter prepared by either method 
incorporate appreciable amounts of the stable iso- 
tope. The ultrasonic treatment of the cells did not 
* appear to affect the nitrogen-fixing mechanism since 
enrichment of the isotope in the homogenate was 
similar to that of whole cells. Even after high-speed 
centrifugation the incorporation of the tracer into 
the cell-free extracts, although reduced, was quite 
substantial. Work is now in progress to determine 
the mechanisn of nitrogen fixation in the cell-free 
preparations and, in particular, the nature of the 
Co contributory factors in the culture medium in which 
the organism was grown. 

_ The mass spectrometer measurements were made 
` for us at the. Physical Chemistry Department of this 
University through the.courtesy of Dr. W. J. Dunning 
sng later by Dr. D. H. Tomlin, Physics Department, 
University of Réading. We acknowledge with thanks 
- ¿the help received from the two Departments. 


D. J. D, NICHOLAS* 
D. J. FISHER 


Long Ashton Research Station, 

a Prryonity of Bristol. 

* Member of the: Scientific Staff of the Agricultural Research Council 
seconded to the ag Ashton Research Station. 

i Batti -Hin “Tnorganle Nitrogen Metabolism”, edit, by McElroy, 
ae ., and Glass, B., 361 (Johns Hopkins Univ. Press, Baltimore, 
1006). 

o ¥ Jose, A. Go and Pengram, R. M., Bact. Proe.. 157, 132 (1957). 

a -> Burk, D., Linweaver, H., and Horner, ©, K., Soil Sei., 38, 413 (1932). 

s * Bepaske, R., Biochim, Biophys. Acta, 22, 189 (1958). 

sa Bima, A. P. and Cocking, E. C., Nature, 181, 474 (1968). 

















50 gm. potassium sulphate) in micro-Kjeldahl flasks = 3 
. ledge on the subject, and describes the adaptation of 








THE ron of Vibrio foetus in quantity, for 
antigen production, is generally regarded ‘as rather 
difficult and costly. Commonly employed culture 
media are semi-solid ‘Thiol’ (Difeo) and Brucella 


. broth (Albini), both containing 0-1 per cent agar. 


A recent paper! summarizes much of present know- 


a previously published method? for Pasteurella 
multocida, using a special liquid medium. Apart 
from a French reference? we have found no mention 
in the literature of the employment of ordinary 
(nutrient) agar for the growth of V. fetus, and no 
mention at all of the use of broth. 

The nature of vaginal ‘exudates’ and other speci- 
mens from which we recovered V. fetus led us to 
suspect that this organism thrived best in the presence 
of abundant moisture. We found that it grew more 
readily and luxuriantly on solid media, for example, | 
when the condensation water had not been removed | 
by drying (for example, during prior incubation as a 
sterility check, which we omit). Serial subeulturing 
on blood-agar plates was usually then successful. 

We originally used nutrient agar (equal parts meat 
extract‘ and Martin’s peptone’ plus 1-5 per cent agar) 
treated in this way for the production of antigen, 
setting it in 8 oz. ‘medicine’ bottles lying flat and 
distributing over the surface about 20 x° 098 ‘ml. 
heaps of young V. fetus culture in semi-solid agar 
(equal parts meat extract and Martin’s peptone + 
0-l per cent agar). After incubation in less than 10 per 
cent carbon dioxide the growth was harvested by 
washing with formol-saline, physiological saline or 
broth. The last two have the advantage that a 
second crop can be harvested after simply re-incubat+: 
ing the original agar bottles without further sowing. 

In semi-solid agar, in which the inoculum remained 
near the surface, rich growth occurred in tubes down 
to about 1 em. below the surface under 10 per cent 
carbon dioxide and in zones at various depths in air. 
Increased depth of the growth disks below the surface 
is associated with reduction in catalase activity, 
which usually reappears on subculture under 10 per 
cent carbon dioxide. 

For bulk culture, the semi-solid agar was placed in 
wide, flat-bottomed glass vessels to form a shallow 
layer the depth of which approximated that to which 
V. fetus grew in tubes of such agar when incubated 
under 10 per cent carbon dioxide, namely, 1-2 cm. 
After incubation at 37° C. for 2—4 days, harvesting 
was carried out by adding 10 volumes of saline for 
each volume of medium present. — at 

The agar was separated by centrifugation for 15 _ 
min. at 500g and the bacteria ‘sedimented by a 
second centrifugation for 15 min. at 3,000g in an 
angle head. Failure to remove che agar results in 
difficulties in reading the vaginal mucus agglutination . 
test. - 

The cells were washe 
fuging three times wi 
saline containing 0:3; 
then resuspended, inf 
per cent phenol, to th 
mucus agglutination- 

It was then found tha t 
nutrient broth (equal parts mei xtract and Martin’s 
peptone) without the addition of agar. In vertical 
tubes the inoculum sank to the bottom and no growth 
occurred ; but when the broth was dispensed in a 
shallow layer (1-2 em.) in wide, flat-bottomed vessels, 
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asiya st described for semi-solid agar, good growth 
ted. Greater depth of medium could probably 
be used if mechanical agitation were employed. 
Harvesting and washing procedures were as for other 
bacteria grown in broth. 
After two days incubation in an atmosphere of 
10 per cent carbon dioxide we were usually able to 
prepare a volume of antigen suspension (of opacity 
2 on the Burroughs Wellcome scale) a little greater 
than that of the broth originally inoculated. Incuba- 
tion for four days generally yields about double the 
volume, and even five days incubation does not seem 
to impair the specificity of the antigen. 
_ To date six strains of V. fatus (the English ‘Longs- 
don’ and ‘1980’, and four local field strains isolated at 
Glenfield) have been found to grow well in both media. 
Each of the four local strains did so immediately after 
primary isolation on blood agar plates. At present 
semi-solid agar is used for stock cultures and broth for 
antigen production. 
We aro grateful to Mr. J. C. Keast, director of 
veterinary research, New South Wales Department 
of Agriculture, for his encouragement and interest in 
this work, and to Dr. B. P. Setchell, also of this 
Station, for helpful advice in the preparation of notes 
for publication. 
Dusan JAKOVLJEVIC 
H. E. R. BEATTIE 
Votdinaty Research Station, 
Glenfield, 
New South Wales. 

* Dennis, 5. M., and Jones, R. F., Aust. Vet. J., 35, 457 (1959). 

* Bain, R. V. S., and Jones, R. F., Brit. Vet. J., 114, 215 (1958). 

* Gallut, J., Ann. Inst. Pasteur, 83, 449 (1952). 

* Mackie, T. J., and McCartney, J. E., “Handbook of Practical Bacterio- 

logy” (Livingstone, Edinburgh, 1953). 


vine, M., and Schoenlein, H. W., “A Compilation of Culture 
. + Media” (Bailliére, Tindall and Cox, London, 1930). 


GENETICS 


inheritance of Asymmetry in a Water- 
boatman (Krizousacorixa femorata) 


ASYMMETRY of the abdominal segments in the 
corixid males is a regular occurrence with the sense 
of asymmetry, dextral or sinistral, regularly uniform 
intraspecifically. One finds among the males no 
- intermediate forms, for all the asymmetrical structures 
of a dextral male are perfect mirror-images of those in 
a sinistral male and vice versa. More particularly, the 
sex-limited structures are confined to the body wall, 
and more precisely, to the last six segments where the 
exoskeleton and musculature display an asym- 
metrical pattern, ized by an oval black body 
(the strigil) and a curved genital capsule. In the 
dextral male the strigil is limited to the right margin 
of the sixth segment and the genital capsule is 
directed to the right. These, etrical structures 
are, of course, mirror-i of those in a sinistral 







male, while in the females bilateral symmetry 
prevails. Instances of situs inversus' are rare. 

At Lake Zumy o, near Mexico City, I discovered 
an unusually frequency of situs inversus in a 
large populati of} femorata, or water-boatman. 
In a sample of 475 were dextral and 175 
sinistral. Thou; mm ts A investigators have 


reported the pher enon of situs inversus in this 
corixid, I have not found any published account of 
the inheritance of dextro-sinistral asymmetry in this 
or any other species of corixid. 
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Fig. 1. Ventral view of the abdominal exoskeleton and muscula- ~ 
ture in asymmetrical males, dextral and sinistral, of K. femorata, 
Guer, 


In elucidating the mode of inheritance by means of 
breeding experiments, single-pair matings in various 
combinations were made in the laboratory. An all- 
dextral male line of some ten generations was estab- 
lished. Attempts to produce an all-sinistral line, 
however, resulted in families containing dextral and 
sinistral males in different proportions. The results 
from three single-pair matings of a sinistral male and 
a virgin female are shown in Table 1, meee a 


2:1, 1:1, and 1: 2 ratio. 

Table 1. PROGENIES FROM CROSSES BETWEEN SINISTRAL MALIS AND 
VIRGIN FEMALES É 

Family l 52 sinistral gő 49 dextral g - 

Family 2 52 sinistral gő 25 dextral g " 0099 - 

Family 3 17 sinistral ¢¢ 36 dextral óg 5099 


A sequence of experimental matings of dextral and 
sinistral lines was carried out and the segregation 
ratios analysed; these will be published in full 
detail elsewhere. From the results, however, one can 
conclude ex hypothesi that the inheritance of the 
polymorphic characteristic of asymmetry depends 
upon an allelomorphie series of three genes, D, D*, 
and d, of which D (dextrality) is dominant to D* 
(sinistrality), which in turn is dominant to d (dextral- 
ity). The intermediate member of the series is lethal 
as a homozygote. 

I am grateful to Sir Ronald Fisher for his direction 
of this work. 

WALTER PETERS* 

Department of Genetics, 

University of Cambridge. 


6 * Present address: Department of Eolenys Loyola University, 


! Peters, W., J. Morph., 84, 525 (1949). © y 


Triploid Rat Embryos and Other 
Chromosomal Deviants after Colchicine 
Treatment and Polyspermy 


Austin and Braden! have shown in their ciassıe 
paper on polyspermy in the rat that dispermy leads to a 
triploid fertilized egg and that such an egg may cleave 
normally up to at least the eight-cell stage.. These 
conclusions have been confirmed by the recent 
investigations of one of us*. However, Braden and 
Austin? found no instance of triploidy among rats 
born from delayed mated females in spite of the 
presence of about 9 per cent dispermic eggs at 
fertilization stages. 

The fate of heteroploid mammalian embryos coming 
from sources other than polyspermy has mostly been 
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Table 1. EFFECTS OF INTRAPERITONEAL INJECTIONS OF COLCHICINE ON FERTILIZATION IN THE RAT 
Dose | Eggs with 
(mgm./100 gm. No. of Penetrated | Polyspermic eggs | suppressed second Androgenetic Eggs with 
body-weight) females eggs | polar body eggs subnuclei | 
0 -025-0-05 13 111 7 (6-8%) 42 (38%) 1 (0:9%) | 16 (14% ) 
0-05 6 45 0 5 (11%) 17° (38%) | 8 (18°) 








* Includes four possible androgenetic eggs at the 2- to 3-cell stage. 


Table 2. CHROMOSOME CLASSES OF 9-15 Days OLD Rat EMBRYOS AFTER DIFFERENT TREATMENTS TO INDUCE HETEROPLOIDY 








Age of embryos | No. of < Classified as 
(days) | Group pregnant females | No. of embryos Diploid Triploid Mosaic Without mitoses- | 
8-12 Colchicine 14 | 63 42 2 13 4 
‘polyspermy" 12 130 115 8 8 I 
13-15 Colchicine 5 22 14 | 0 1 7 | 
‘polyspermy’ 9 89 R4 0 2 3 





a 


examined in the mouset. Some spontaneous triploid 
and mosaic embryos were recovered in ‘silver’ 
fernales up to 9}4-days gestation. But triploids were 
absent in the offspring of ‘silver’ mice (Beatty, R. A., 
personal communication). No heteroploid adult was 
observed either in the offspring of colchicine-treated 
mice’. It would seem, therefore, that most, if not all, 
heteroploid (triploid) mouse embryos die some time 
between mid-term and parturition. 

In the present communication we report attempts 
todnduce experimentally polyspermy and other types 
‘of heteroploidy in the rat. Parallel with this work, 
the fate of heteroploid rat embryos has been studied 
by chromosomal examination. 

Adult female rats of the Wistar CF, Long-Evans, 
and Sherman strains were used, all mated with 
Wistar CF males towards the end of cestrus. It is 
known’ that if mating is not allowed until after 
ovulation, sperm penetration in the rat begins about 
2-4 hr. after copulation and then is completed, in any 
one rat, in 1-2 hr. The eggs were examined under the 
phase-contrast microscope in the living state and, in 
some cases, after acetocarmine staining under the 
coverslip. 





aoe: os 
_ ` ied = Ns 
Fig.1. Diploid metaphase (2n = 42; 12-days-old embryo) ( x[2,500) 


In an attempt to induce polyspermy, eight females 
of each of the three strains used were subjected to a 
moderate hyperthermia for 3 hr. after mating. 
The body-temperatures were maintained at 40-41° C. 
by keeping the rats in a box heated at 35-36°,C. The 
incidence of polyspermic (dispermic) eggs reached 
8-10 per cent in the Sherman and Long-Evans 
strains but only 3-5 per cent in the Wistar CF strain. 

In order to inhibit the second polar division, 
Wistar CF females were injected intraperitoneally 
with colchicine after mating. In earlier work’, 
intraperitoneal injections of 0-05-0-1 mgm. colchicine 
per 100 gm. body-weight, 1-2 hr. after delayed 
matings, caused suppression of the second polar body 
in about 70 per cent of the eggs. Other abnormalities 
were: eggs with a single (presumably male) pro- 
nucleus and those with subnuclei in place of the 
female pronucleus. Our results are shown in Table 1: 

It appears that the frequency of the different 
anomalies depends closely on the time of application. 
If the drug is applied at 2 hr. after mating, the second 
polar body is suppressed in many eggs ; on the other 
hand, androgenesis is the principal anomaly at 2} hr. 
In the latter case the second ‘polar body’ is formed 





Fig. 2. Triploid metaphase (10-days-old embryo) (x 2,500) 
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without a spindle mitosis and includes the whole 
female chromatin. The higher doses of the drug 
frequently block the development of the pronuclei for 
up to 24 hr. Some evidence shows that androgenetic 
eggs may undergo cleavage, but their development 
stops at an early stage. 

Twenty-four colchicine-treated females, and twenty- 
two females subjected to treatments to induce 
polyspermy (mostly of the Sherman strain), were 
killed 8-15 days after copulation. For the chromo- 
somal examination whole embryos or, in later stages, 
the head were stained by acetic orcein after hypotonic 
pretreatment and squashed. Eighty-five embryos of 
the colchicine group and 219 embryos of the ‘poly- 
spermy’ group were analysed ; the results are given 
in Table 2. 

Embryos classified “as triploid contained pre- 
dominantly triploid and near-triploid mitoses. Most 
of the mosaics contained triploid or near-triploid 
mitoses as well as other types of mitoses, the diploid 
number being, in general, the most frequent ; these 
embryos might have come from originally triploid 
eggs. The remaining mosaics were diplo-aneuploid. 
There was practically no sign of ‘somatic inconstancy’ 
in the embryos classified as diploid. Jn an earlier 
study! by one of us, no deviation from the normal 
number was observed either in spermatogonia of 
adult rate. 

igt triploid embryos were highly retarded and 
clearly abortive ; two triploids, however, both 10 days 
old and obtained in the ‘polyspermy’ group, were of 
normal size and appearance. Eight of the mosaic 
embryos were abortive while 14 appeared normal 
although more or less delayed in some cases. 

To conclude, our results put forward new evidence 
that dispermic fertilization is a source of triploid 
embryos in the rat. It seems that most dispermic 
triploid embryos can become implanted and their 
further fate does not differ considerably from that of 
triploids of other origin. 

Colchicine treatment after ovulation is an efficient 
method to induce heteroploidy in the rat; but few 
heteroploid embryos survive to mid-term. A large 
proportion of the heteroploid forms (including most 
triploids) die before or soon after implantation. 

The disappearance of triploids, and the reduction in 
the number of mosaics, after 12 days gestation show 
that the chances of these heteroploid forms reaching 
term, whatever be their origin, are faint. This is in 
accordance with the failure (refs. 2-4 and Beatty, 
R. A., personal communication) to produce adult 
heteroploid (triploid) offspring. In fact, the 12 days 
old triploid embryos described here are, to our 
knowledge, the latest stage of triploidy recorded so 
fer in any mammal. 


L. Prro 
O. BOMSEL-HELMREICH 


Station de Physiologie Animale, 
Jouy en Josas 
(Seine-et-Oise). 


1 Austin, C. R., and Braden, A. W. H., Aust. J. Biol. Sei., 8, 674 (1953). 

* Piko, L; oe Soe. Brol,, Parts, 152, 1856 (1958) (and unpublished 
resulta). 

*Biaden A. W. H., and Austin, O. R , Scrence, 120, 361 (1954). 

‘cf Beatty, R. å., “Parthenogenesis and Ton pady in Mammallan 
Development” (Cambridge Univ. Press, 1957). 

t Edwards, R. G., J. Exp. Zool., 187, 817, 849 (1958) 

: sakes ER., and Braden, A. W. H., Awst. J Biol. Sci., 7, 179 

air R., and Braden, A. W. H., Aust, J. Brol. Sci., 7, 195 

Romsel-Helmreich, O., Ann. Zootech., 8, 327 (1959). 
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Fractionation of Genes 


AFTER study of a dwarf tribe of Papuans at Aiome 
in the mountains of New Guinea in 1958 (not yet 
published), the conclusion was reached that they 
originated as a single-gene dwarf mutation from their 
tali neighbours who live at lower altitudes. This 
conclusion has since been confirmed by Champness 
et alt, who find that the blood groups of the 
tall and dwarf tribes in this area are essentially the 
same while the serology of a dwarf tribe in another 
part of New Guinea was markedly different. This 
supporta the view that in mankind dwarf tribes or 
races have originated many times independently in 
different parts of the world, as they are known to have 
done m animals. In Africa it was concluded’ that the 
Congo Pygmies arose long ago as a single-gene 
achondroplastic dwarf mutation from a tall race 
probably with mahogany skin colour. 

In an extensive study of dwarf tribes in Dutch New 
Guinea, Bijlmer’ found records of male stature 
stretching, perhaps in a step-like series, from 167 
cm. (occasionally more) in the talls to 144:9 cm. 
as the lowest mean stature for a particular dwarf 
tribe. 

Contemplating these and various other facts of 
dwarfing during a journey m India during October— 
December 1959, the tentative conclusion was 
reached that the mtermediate heights of some Papuan 
tribes must have been derived in part from -bacék- 
crossing of dwarfs to talls, accompanied by frac- 
tionation of the original ‘large’ gene for dwarfing 
and the production of ‘smaller’ genes having various .. 
intermediate effects. This is ın accordance with the ` 
view I have always held that some mutations occur 
with large effects, as well as many with small effecta. 
Having reached the conclusion that fractionation of 
genes must occur in some dwarf racés, it was boldly 
decided to discuss this principle as soon as opportunity 
permitted a description of the Aiome dwarf race. 

That opportunity has not yet occurred ; but in the 
meantime, through the kindness of Dr. L. T. Ride, 
vice-chancellor of the University of Hong Kong, I 
was able in January 1960 to read back-numbers of 
Nature. In the number for December 19, 1959, I 
found & paper‘ which ın one senso forestalled, but ın 
another sense confirmed, the point of view mentioned 
above. 

Briefly stated, the conception of the sub-gene is 
based’ on experiments with the T4 bacteriophage 
and later with certain bacteria and lower fungi. From 
study of small differences in the phenotypic expression 
of & pair of genes in the cts-trans or coupling and 
repulsion phases it is shown that the cistron is a unit 
within the gene, and it may contain more than a 
hundred sensitive points at which a mutant pheno- 
type may occur. 

In the work of Fahmy and Fahmy‘, a large number 
of sex-linked recessive visibles obtained at the r 
locus by irradiation of Drosophila melanogaster proved 
to be æ pseudo-allelic series, apparently involving 
several functional sub-units (cistrons) one or more at a 
time. That these are all intra-genic point mutations 
is shown. by the absence of any band deficiencies in 
the X-chromosomes. Complementation maps indicate 
that six cistrons are involved in this series, which 
can be arranged in a linear sequence with over- 
lapping. 

Since the cistron conception is now established for 
an insect it may be assumed to apply to genes 
generally, including those of man. If genes contain, 
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or consist of, cistrons then frac- 
tionation of the gene can occur, 
which will reduce the original genic 
effect. This principle is of wido 
importance in human genetics. In 
Eskimo X Nordic’, the F, X 
Nordic can produce an individual «f 
having blue eyes, fair hair and 
white skin hke the original grand- 
father. Thus the gene for blue af 
eyes, for example, segregates as a 
complete unit in this racial cross. 
But in the European population 
many intergrades between blue 
and brown iris occur which havo 
never been properly studied but 
which may be reasonably attri- 
buted to fractionation of tho 
original gene. 

Ag regards the blood groups, 1b 
is evident that ABO are original or ancestral genes, 
and that A, A oto., are later developments produced 
by fractioning of the original gene so that its effect is 
mulder in different degrees. Similarly, there is evidence 
that brachycephaly first appeared in the Upper Palæ- 
olithic as a marked departure from the previous 
dolichocephaly. Later, more extreme forms of 
brachycephaly as well as intermediate cephalic 
indices have probably been produced, partly by 
fractionation of the origmal gene, through hybridi- 
zation,or otherwise. Thus in many cases the more 
extreme form of a gene appears firat and its lesser 
and later forms bridge the gap by means of a series of 
sub-genes. 


R. RoeaLms GATES 


18 Concord Avenue, 
. Cambridge 38, Mass. 
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GEOLOGY 


Geological Reconnaissance of the 
Sor-Rondane Mountains (Queen Maud 
Land) 


In the course of the summer field parties of the 
Expedition Antarctique Belge 1957-58, I carried 
out a geological reconnaissance in the Sor-Rondane 
ranges, unexplored up to then. 

This massif extends over approximately 260 km. 
east and west (from 23° E. to 28° E.) and has a depth 
of about 100 km. The foot-hills of the chain lie about 
150 km. inland from the coast, at approximately 
73° S. latitude. The summits are elevated between 
1,200 and 3,500 m. above sea-level and the snow-line 
lies between 1,000 and 3,000 m. 

The present topographical features have resulted 
from glacial erosion followed by a long stage of post- 
glacial erosion due mainly to mechanical weatheri 
The highest peaks investigated show evidence of 
heavy glaciation. 

The region investigated is formed entirely of 
crystalline rocks, there being no trace of non- 
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Fig 1. Queen Maud Land 


metamorphosed sedimentary rocks, nor of epizonal 
metamorphism. 

The nunataks to the north of the chain are formed 
of intrusive igneous rooks (coarse-grained red granite 
at Roemnesfjell, diorites at Nordtoppen and Sméa- 
hausane). 

The mountain chain itself 1s formed of migmatites 
and highly varied, though mainly biotitic and 
amphibolic, gneiss. In one occurrence (ab Aust- 
kampane) the gneiss is interspersed with layers of 
pure crystalline limestone associated with banks of 
calcium silicate gneiss. Homogeneous massifs of 
dioritic gneiss are also found. The general direction 
of the gneiss is east-west; the dip is very variable. 

The gneissic complex, at certain points, is tran- 


sected by a disordered network of pegmatitic and- 


granitic dykes. The imtensity and widespread 
occurrence of this phenomenon are striking charac- 
teristics of the region. 

The phenomena of anatexy and of migmatization 
are widespread. This gneissic complex obviously 
forms part of the eastern Antarctic Pre-cambran 
complex. The igneous jintrusives to the north of the 
chain are clearly later than the gneiss but of unknown 
age. 

There is no evidence of mineralization either in 
the gneiss or in the igneous intrusives. 

The following successive stages in the geological 
history of this region are identifiable: {l1} the 
deposition of a vast and varied sedimentary complex, 
including limestone deposits, under geosynclinal 
conditions ; (2) the folding and metamorphism of the 
sedimentary complex in a deep zone (upper cata- 
zone), accompanied by dioritic intrusions; (3) the 
intrusion of granitic and dijioritic rocks into the 
gneiss ; (4) the formation of granitic and pegmatic 
dykes cutting through the intrusive bodies. 

The radioactivity dating of the samples at present 
being carried out will furnish more precise information 
as to the chronology of these stages. 

I wish to thank Dr. Jacques Giot, who led 
the sled journey into the Sér-Rondane, and Drs. 
Paul and Jean Michot, who are carrying out the 
petrographical study of the samples collected. 

The geographical names refer to the map of the 
Sdr-Rondane Mountains, published by the Norsk 
Polarinstitutt, in 1957. 


E. E. Picorotso 


Laboratoire de Physique Nucléaire, 
Université Libre de Bruxelles. 
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- FORTHCOMING EVENTS 


(Meetings marked wiih an asterisk * are open to the public) 


Monday, May 30 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, Univer- 
sity Tolgo, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. B. 
Segre (U ty of Rome): “Galois Spaces”.* 


UNIVERSITY OF LONDON (in the Chemistry Theatre, University 
College, Gower Street, Lon W.O.1), at 5.80 p.m.—Prof. Sir Aubrey 
Lewis: “Agents of Cultural Advance” (Hobhouse Memorial Leoture) * 


ROYAL GHOGRAPHIOAL SOOTY (at 1 Kensington Gore, London, 
8.W.7), at 8.80 p.m.—S8ir Mortimer Wheeler* “An Ancient Metro- 
polis of the North-West Frontier; Recent Work at Oharsada’’ (The 
Dickson Asia Lecture 1960). 


Tuesday, May 31 


UNIVERSITY OF LONDON (at the Institute of Archmology, Inner 
Circle, Regent’s Park, London, N.W.1), at 5.45 p.m.—Mr W. E 
Grifiths: “Recent Excavations at Stone Oireles in North Wales’’.* 
(Seventh of nine lectures on ‘‘Recent Archeological Discovery m 
Britain”. Further lectures on June 7 and 14.) 


Wednesday, June | 


GEOLOGICAL SOOLETY OF LONDON (at Burlington House Piccadilly» 
London, W.1), at 5 pm.—Piof. E. Sherbon Hills (University of 
Melbourne). ‘‘Morphotectonica and the Geomorphological Sciences, 
with special reference to Australia” (Fifteenth William Smith Lecture). 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E.1), at 5 30 p.m.—Prof. 8. Chapman, F.B 8. (Geophysical 
Institute, Alaska): “ tro Currents in the Earth’s Ionosphere’’.* 


INSTITUTH OF INFORMATION SCIENTISTS (at the College of Preceptors 
2 Bloomsbury Square, London, W.C.1), at 6.15 p.m —Annual General 
Mee . 7.80 p.m.—Prof. J. D. Bernal, F.R.8.: “Can Communica- 
tions ence be used in tifie Information ?” 


SOCIETY OF CHEMICAL INDUSTRY, HEAVY O8GANIO CHEMICALS 
GROUP (at 14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Dr. 
R. d: ‘Cross Fertilization of Petroleum and Chemical In- 
dustry Techniques through Heavy Organic Chemicals”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9 p.m.—Prof. G. C. Drew: “Alcohol and Skilled Performance”. 


Thursday, June 2 


BRITISH ASSOCIATION FOR OOMMBROIAL AND INDUSTRIAL EDUOGA- 
TION (at the Polytechnic, Regent Street, London, W.1), from 10 a.m. 


to 4.15 p.m.—Conference nnd Exhibition on “Visual Aids for Technical 
Education’. 
ROYAL S§oompy (at Burlington House, Piccadilly, London, W.1) 


at 4.80 p.m.—Dr. H. Godwin, F.R.B.: “Radiocarbon Dating an 
Quaternary History in Britain’ (The Croonian Lecture). 


MINHRALOGIOAL SOCIETY (at the Geological Society of London, 
parington House, Piecadily, London, W.1), at 5 p.m.—Scientifto 
apers. 


UNIVERSITY OF LONDON (in the Physiology Theatıe, Umversity 
College, Gower Street, London, W.0.1), at 5 pm.—Dr. 8. J . Bach: 
“The Metabolic Fate of Protein-Nitrogen in the Mammal’’.* 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, St. 
Thomas’s Street, London, §.H.1), at 5.30 p.m.—Prof. 0. Liébecq 
cs Sa “Biochemical Aspects of Glucose Utilization ın Muscle 
. e”’. 


UNIVERSITY OF LONDON (at Queen Mary College, Mie End Road, 
London, B.1), at 5.80 p.m.—Prof. 8. Chapman, F.R.8. (Geophysical 
Institute, Alaska). “ tric Currents Beyond the Ionosphere’’.* 


WORSHIPFUL SOCIETY OF APOTHEGARIES OF LONDON, FAOULTY OF 
THA HISTORY OF BIBDIOINE AND PHARMAOY (at A thecaries Hall, 
Black Friars Lane, London, E.0.4), at 5.30 eral . K. D. Keele ` 
fe Medical ence” (Hirst Annual 


Wiliam Harvey: Pioneer of 
Students’ Lecture). 

OHBNMICAL SOOLETY (at B n House, Pı , London, 
W.1), at 7.30 p.m —Prof. M. Heidelberger : ‘Chemical Oonstitution 


and Immunological Speafcity” (Centenary Lecture). 


Friday, Jane 3 
INSTITUTION OF CHEMICAL ENGINEMRS (at the Imperial College of 


Science and Technology, De ent of Chemical eering, Prince 
Consort Road, London, 8.W.7), at 3.80 p.m.—HMr. N. G. Maroudas : 
“Alass Transfer in Liquid—-Liquid Systems: Simultaneous Transfer 


of Two Solutes between Two ible Solvente”. 


UNIVHRSITY OF LONDON (at Queen Mary College, Mile End Road 
London, 3.1), at 5.80 E apart 8. Chapman, B.8. (Geophysical 
Institute, Alaska): “The Solar Corona and tho Karth’s Outermost 
Atmosphere’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on oi 


before the dates mentioned : 
MAY AND BAKER È FELLOW (honours graduate in chem- 


ESHAROH 
eae Registrar, Wye College (University of London), Wye, 
en 


June 1). 
ASSISTANT Grade “B”, IN BIOLOGY; and an ASSISTANT 
L¥OTURER, -Grado “B”, IX OnmMISTRY—The Princtpal, Peel Park 
Technical College, Salford 5 (June 2). 
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ASSISTANT LECTURER IN GENETIO8; and a LECTURER or ASSIST- 
ANT LECTURER IN PURE MATHRBMATICS—The Registrar, The Univer- 


sity, Leicester (June 4). 

(graduate in pharmacology, physiology, biochemist y 
or ve medicine) IN THE DHPARTMENT OF VETERINARY PHARM- 
AOOLOGY—The Secretary, The University, Edinburgh (June 4). 

ASSISTANTS (2) IN MATHEMATIOS—The Secretary of University 
Court, The University, Glasgow (June 6). 

UNIVERSITY DEMONSTRATOR (with an honours degree in chemistry 
or agricultural chemistry) IN SoIL SOIENCE—The Secretary, School 
of Agriculture, The University, Cambridge (June 8). 

LECTURER or ASSISTANT LECTURHR er ete ın pure or applied 
mathematics) IN MATHENATIC8B—The tiar, University ege 
BIC8— The trar 


of North Staffordshire, Keele, Staffs (June 9). 

DEMONSTRATOR IN THE DEPARTMENT OF Regis i 
University College of North Staffordshire, Keele, Staffs (June 10). 

LECTURHR IN STATISTICS IN THH DSPARTWHNT OF PURM MATHE- 
MATIC8; a LACEURHR IN THE DEPARTMENT OF MATHENMATIOAL 
PHYSICS; LHOTURHRS (2) IN THE DEPARTMANT OF PHYSICS; LEBO- 
TURERS (2) IN THE DEPARTMENT OF OHMMOUSTRY; a LECTURER (prefer- 
ably MYCOLOGIST) IN THE DEPARTNWENT OF BOTANY; a LEOTURER 
IN THE DHPARTMANT OF MEOHANIOAL ENGINEERING; & LECTURER IN 
THE DEPARTMENT OF ENGINEERING PRODUCTION; LEOTURHRS (3) 
IN THE DEPARTMENT OF CIVIL ENGINEERING; LEOCTURMES (2) IN THR 
DWPARTMENT OF ELECTRICAL ENGDIXMHRING; a IN THH 
DEPARTMENT OF CHEMICAL RNGINHBRING; & LECTURER IN THE 
DEPARTMENT O¥ PHYSICAL METALLURGY; and a LEOTURER IN THE 
DEPARTMENT OF INDUSTRIAL METALLURGY—The Deputy Registrar, 
The University, Edgbaston, Birmingham 15 (June 11). 

TUTORIAL ASSISTANTS (2) IN THE DEPARTMENT OF GEOLOGY— 
The Registrar, University College of Wales, Aberystwyth (June 11). 

ASSISTANT EXPERIMANTAL OFFIORR (with a pass degree or five 
subjects at G 0.B. “O” level and at least two at ‘‘A”’ level) IN THR 
DEPARTMENT OF POTATO GENETICS, to agaist in routine tests and 
pathological investigations—The Secretary, John Innes Horticultural 
Institution, Bayfordbury, Hertford, Herts (June 15). 

LEOTURER (with a degree in textile industries, followed by research 
experience; or chemistry, followed by speciahzation in textile chem- 
istry) OX THXTILH OHMMISTRY at the Home Science School, University 
of Otano Dunedin, New Zealand—The Secretary, Association of 
Uni tles of the British Commonwealth, 86 Gordon Square, London 
W.O0.1, or The Registrar, University of Otago (New Zealand and 
London, June 15) 

ASSISTANT LECTURHR IN CHEMISTRY—The Registrar, The Univer- 
Bity, Leicester (June 18). ; 

EOTUREE or an ASSISTANT LECTURER (veterinary surgeon, or 
possessing a degreo ın an appropriate biological subject) IN VETER- 


INARY PATHOLOGY—The Secretary Royal Ve ‘ollege (Univer: 
sity of London), Royal College aueet, London, N.W.1 (June 19). 


OTURER or SBHNIOR LECTURER IN APPLIED ALATHBMWATIO8—The . 


sie oon The University, Sheffield (June 18). 
ENIOR LECTURER IN SOLID STATE Puyrysics—The Registrar, The 


University, Sheffield (June 18). 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS— 
The Registrar, The University, Leeds 2 (June 24), i 

CHAIR OF MECHANICAL EXGINHERING AND HEAD OF THE DEPART. 
HENT— The Registrar, The University, Nottingham (June 30). 

LECTURER (with a rough knowledge of the phyzics of materials, 
and industrial or erlence involving semiconductors, 
polymers, magnetic materials, etc.) IN MATERIALS TROHNOLOGY IN 
THE DEPARTMENT OF BELHOTRONIO ENGDYHERING—Tho Registrar, 
University College of North Wales, Bangor, North Wales (June 80). 

LBOTTRERS (2) In PSYCHOLOGY at the University of Melbourne, 
Australiae—The Secretary, Association of Universities of the British 
Commonwealth, 86 Gordon Square, London, W.0.1 (Australia and 
London, June $0). 

LECTURERS or ASSISTANT LECTURERS (with at least a good honours 
degree ın mathematics and experience in teac and research) 
IN MATHEMATICS at the TET of Malaya, K Lumpur— The 
Secretary, Association of Universities of the Bntish Commonwealth, 
86 Gordon Square, London, W.0.1 (Malaya and London, June 80), 

POSTDOCTORAL RHSHAROH FRLLOWs (with previous experience 
either in the chemical investigations of the structure of proteins or 
in the synthesis of tides)}—Dr. G. T. Young, The Dyson Perrina 
Laboratory, The University, South Parks Road, Oxford (June 30). 

WAYRELETH PROFESSORE OF PURE MATHMAIATIC8—The Registra, 
try, Oxford (June 80). 

ASSISTANT DIRECTOR OF THA SOLAR PHYSIOR OBSERVATORY, for 
1esearch in solar or stellar physics, with some lecturing and light 
admunistration—Tho Director, Observatories, The University, Mad- 
ingley Road, Cambridge (July 1). 


BNIOR and a LECTURER IN PHYSICS at Victoria Univer- 
sity of W n, New Zealand—The Secretary, Association of 
Universities of British Commonwealth, 86 Gordon Square, London, 


W.C.1 (New Zealand and London, mmy 1). 
CHAIR OF PHARMACOLOGY in the p oF Hong Kong— The 
Secretary, Association of Universities of the tsh Commonwealth, 
36 Gordon Square, London, W.C.1 (Hong Kong and London, July 15), 
PROFESSOR, and a RWADBR IN THA DEPARTMERT OF MATHEMATICS, 
University of Rajshahi, East Pakistan—The Secretary, Association 
of Universities of the British Commonwealth, 86 Gordon Square, 
London, W.C.1 (August 31). 
EXPERIMENT 


ASSISTANT AL OFFICER (OHEMISTRY) (male or female, 
with a unversity Rasa in chemistry or agricultural chemistry) 
area otari elsh Plent Breeding Station, Plas Gogerddan, 
near 


ABSISTANT, Grade “B” (with a good honours degree, and preferably 
industrial or research experience), FOR MATHEMATICSB—The Clerk to 
the Governors, South-East Essex Technical College, Longbridge Road, 
Dagenham, Essex. 

ASSISTANT PROFESSOR (medically qualified or with a science degree 
of eppropriate quality) IN THE DEPARTMENT OF MEDICAL BACTHRIO- 
LOGY—The Dean, Faculty of Medicine, The University of Alberta, 


Edmonton, Alberta, 
OHEMISTRY MASTER, teach throughout the school to “A” and 
“S” level G.C.2.—The Headmaster, The Perse School, Cambridge. 
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COMPUTERE to work in a small team concerned with plasma research The Coil Spring Federation Research Wid learner Spring Reseaich 
—-Prof. D. Gabor, F.R.S., Blectrical Engineering Department, Imperial for Industry. Pp. 16. (Sheffield: Coll Spring Federation Research 
College of Science and Technolo , London, 8.W.7. Organiza uon; 19680.) [78 

EXPERIMENTALIST (with G.O.E. at “A” level, H.N.C.- or equivalént ritish Broadcasting Corporation. B.B.O. Engineering Monograph 
and appropriate experience), to work m the Proton Physics Group No. 28: Programme Switching, Control, and Monitormg in Sound 
of the Nuclear Physics Division engaged in the. investigation of Broadcasting. By R. D Petrie and J. C. Taylor. Pp. 32. (London: 
various methods, such as plating and vacuum evaporation, for pro- British Broadcasting Corporation, 1960.) 6s. (73 
pees rose targets for exposure in the Proton Iinear Accelerator pore of Glass Techno . Glass Tech Vol. 1, No. 1 (Febru- 
and to work on nuclear detectors and to paruslpate in the experi- ary, 1960). Pp. xl+68. Publshed bi-monthly. . per {ssue or £6 168 
mental work of the up which is us e P.L.A. for studying per volume. Physics and Chemustry of Glasses, Vol. 1, No. 1 (February, 
nuclear structure— Senior Recruitment Officer (1672/34), 960). Pp. 64. Published bi-monthly 265s. issue or £6 LBs, r 
U.K A.E å., å.E.RB.E., Harwell, Didcot, Berks. volume. Jomt annual subscription £10 (Sheffield. Somety of Glass 

JUNIOR LECTURHE (Ph.D. standard in chemusiry or biochemistry,- Technology, 1960.) 73 
and interested m purswng research in microbiological pee Commission for Technical Oo-o tion in Africa South of the 
IN THE DEPARTMENT OF BIOCHENMISTRY—The Dean, London Schoo Sahara, OSA/OCTA. Publication No. 30, Joint Project No. 4: Inven- 
of Hygiene and Tropical Medicine (University of London), Keppel tory of Economic Studies Concernmg Africa Bonth of the Sahara—an 
Street; London, W.O 1. Annotated Reading List of Books, cles and Official Publications. 

LSOTURER (graduate, with teaching and/or industrial experience te 301. (London: Commussion for Technical Co-operation in 
in electronic and control technology, or a related branch of applied ca South of the Sahara, 1960.) [78 

hysics) IN THR SOHOOL OF PHYSICS AND APPLIED SorexoR—The Oam for Nuclear Disarmament. CND. Scientists Bulletin 


trar, College of Technology and Commerce, Leicester, No 1,19 Pp, 4. (London. Campaign for Nuclear Disarmament, 
KOTURBR (honours graduate, or with an equivalent qualificatio 1960 }) [88 
preferably with industrial and/or teaching experience in statistics 


IN STATISTICS AND MATHEMATIO8—The Principal, Medway College Other Countrles r 


of Technology, Horsted, Maidstone Road, Obatham, Kent. Institut Royal Météorologıque de Belgique. Publications, Berie B 
LECTURERS, Grade” B” (2) (graduates of a British university, wo97 Hquation Générale des Traa O ANONA Pseudoadlabatıques 
one with cations and experience in electronics, and the other Gans Atmosphère, Par Dr. L. Dufour. Pp. 10. (Bruxelles: Institut. 


with cations and experience in theoretical and nuclear physics) Royal Météorologi de Belgiqus, 1 

Olerk o ao Governing Body, Battersea College of Technology, tin of the Aala useum oe atural History. Vol. ie 

London, 8.W.11. Arti : Th Abeoronesla. 1. General Descrip 
Provasson (with a background of university teaching and sig- The Vegoiation of ho Mermene aa da Denne Descriptions, 


nificant research accomplishment, with relevant professional experi- is 
ence) OF AIROHANIOAL RNGINBBRING (Chairman of the De ent)— one É; alge add Hvam: By g nee apd Pp. 1 ee 
The Dean of Engineering, ‘University of Waterloo, Waterloo, Ontario, 5 50 ai tural , 73 


. Smithsonian Institution Bureau of American Ethnolo Bulletin 
RESRARCH ASSISTANT (with a degree in botany, and preferably : ; 
an interost ın mycology) I BoTaANy—The Director of Education, 0 172: The Story of a Thngit Communtty—a Problem in the 


The Polytechnic, 809 Regent Street, London, W.1. eto : Bekom a eae Bthnological, and Alstoncal 
RESMAROR ASSISTANT (with a degree in science or graduate member ton, D.C.: Government Printing Office 1960.) 2 FS 
of the Royal Institute of Chemlstry, or graduating this summer and 7, or fp De t of Mine and Techileal Surverc. “Geolanicl 


fied to work for a higher degree or research diploma) IN ORGANICO : Departmen logi 
dmmuerer—The Principal Bolton Technical College, Bolton, Lanes. Gur vo y of Canada. „Buletin No. 60. A Glacial Study of Central 
RESRAROH ASSISTANTS (honours graduates in physics or studenta (Ottawa i 
in the present ganon class), for work on prob eo concerned me 
counting techniques and high energy physics, gas discharges, spectro- des Principaux Résultats Obtenus F. Henri-A. Beauvois. Pp. 7 
scopy or electronics—The Clerk to Governors, Northern Poly- : par i, . Beauvols. Pp. 7. 
technto, Holloway Road, London, N.7. (Pessac Gironde F. Henm-A. Beauvois, 1960. 88 


[ 
Bulletin of the Astronomical Institutes of the Netherlands, Vol. 15 
RESEAROR BiloonmMIstT (Ph.D., preferably with a knowledge or ` ` , 
research experlence ın the flelds of pharmacology or pharmacol |1 No. 404 cee obruary 8): The aria of the Galactic Gravi- 


chemistry, clinical biochemistry or spectrophotometry), for investiga- 
tions deh the biochemical actions of drugs currently used in the Note on the Determination of Kz and on the Mass Density Near the 


1 Sun. By J. H. Oort. . 1-58. Vol. 15, No, 495 (1960 February 10). 

Tiira 1 or as Pri on The E T R o rea The Oomputation of Partition Functions in a Stellar Atmosphere. 
Crichton Royal, Dumfries. * By ©. de Jager and L. Neven. Pp. 65-66 (Leiden: Astronomical 
OFFICER, BIOGHEMIST (with a good honours degree in ‘ustitutes of the Netherlands, 1960.) 83 


RESHARCH United States Department of the Intenor. Fish and W 
“chemistry or biochemistry, with postgraduate experience ın biochem- g nc r. a e 
istry, ktp of eae nutrition and/or animal phystology) IN fg Po, ulati m8 lr No: ae 3 Fe rapa Pe 9 pon aioe 
THE ANIMAL HUSBANDEY Division, East African Agriculture and AnoGre i Do: iy TET yn eae i apie a). ae John 8, 
‘Forestry Research Organization, Kenya—Director of Recruitment, tine OB co 1959.) 20 conts ( n, D.O.: TAMEN 
Co Office, London, 8.W.1, quoting BOD.196/161/C.1. Printing , 2) A0 con 

“Sunton LECTURER (with a good honours degree in mathematics) Union of South Africa: Department of Commerce and Industries. 
IN PURE MATHEMATIO8—The Clerk to the Governors, Woolwich Gaeta eens vee Konal Report No 29- Tho Biology of 

' uano- uang Rea- . The ution, Abundance and Breed- 
Polytechnic, London, 8.B.18. , ing Habita of the Oape Ganet, Morus ca , off the South-Western 
- ai Coast of the gapo Province. By R. W. Band. Pp: 86. jenn from 

en 


ip did ae are Oy Protonin i Go Anaa Eo ES 
Vermmeant oO y. a è LOStt or or B 
REPORTS and other PUBLICATIONS year 1968. Pp. ih+56. (Bombay: Government Book Depot: Lon. 


n: High Commussoner for India, 1959.) Re. 0 62; 1s. 1d, [88 
(not tneluded in the monthly Books Supplement) Texas Ing Inc. Annual Report, 1969. Pp. 20. (Dallas: 


Texas Instruments tne., 1660.) 


: 83 

United States Department of the Interior’ Fish and Wildlife 

Great Britain and Ireland Service, Fishery Bulletin No. 165: Distribution and Abundeace ot 

National Institute of Industrial Psychology Annual Report and of the Pacific Sardine, 1952-1956. By B. H Ahlstrom. Pp. iv+ 


Statement of. Accounts for the year ended 30th September, 1959 185-213. 30 centa. Fish and Wildlife Circular No. 68. Pubhe Fish — 
Pp (London ` National Institute of Industrial m Culture in the United States, 1958 : a Statustical Summary. By Wham 
1960 ` 


Colonial Office Colonial Research 1958-1959 Reports of the Printing Office, 1959.) [88 
Colomal Research Council; Committee for Colonial Agneultural, Bibliography of Plasma Physics and Magnetohydrodynamıos and 
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MANAGEMENT, EDUCATION AND BUSINESS STUDIES 


N a circular issued to local education authorities 
on March 28, 1960*, the Minister of Education 
gave details of the radical changes which are to be 
made m schemes of management studies and com- 


mercial education in Bntain. Due to take effect m the- 


autumn of 1961, the changes will affect both the 
existing courses leading to the Intermediate Certificate 
end Diploma in Management, which are administered 
jointly by the Ministry of Education, the British 
Institute of Management and other professional 
management bodies, and the Ordinary National and 
Higher National Certificates in Commerce, which are 
administered by a joint committee of professional 
bodies, local education authorities and the Ministry 
of Education. 

The changes in management education and com- 
mercial studies have been announced jointly because, 
to some extent, future arrangements will lead to 
amalgamation of existing courses and to much more 
singplified administrative arrangements for the control 
of the new courses which have been devised. 

The development of education for management in 
England and Wales is described in the Report of a 
Working Party which is issued as an appendix to 
Circular 1/60. Following the report of the Committee 
on Education for Management appointed by the 
Minister of Education in 1945 under the chairmanship 
of Colonel L. F. Urwick, a scheme of management 
studies was begun in senior technical colleges about 
nino years ago. The courses recommended were of 
five years duration and led to examinations for the 
Common Intermediate Certificate in Management 
Studies at the end of three years and a Diploma in 
Management Studies which was taken at the end 
of five years. Over the nine years the Urwick 
courses have led to considerably increased interest in 
management education, and industry in Great Britain 
owes a considerable debt of gratitude to Urwick and 
his committee for devising practical schemes of 
management studies which at long last the country 
is beginning to take seriously. 

Inevitebly the pioneering courses have met with 
criticisms and these have been considered by the 
Working Party which began its work in October 1955, 
The need to reconcile conflicting views of numerous 
professional management bodies, industrial and 
commercial organizations, educational institutions 
and local education authorities has caused the Work- 
ing Party to tread a tortuous path and to take an 
unconscionable time in producing its report. This 
was submitted to the Minister in October 1958, and 
the changes now announced represent another 
triumph in producing an agreed scheme which should 
do much to put management education at a level 
where it can no longer be ignored by the purists or 

* Ministry of Hducation. Circular un. Cam Maroh, dt of Business 


Future Development of Managemen eation an 

filles Savision of Joint A Bohemen, Pps Appendix 
to Cireular 1 tae Report 4 the Working P inted to examine 
the Scheme t Studies. Pp. i+ Pras ndon: Ministry 
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by those practical men who came up the so-called 
hard way. 

At present there is a lack of adequate provision for 
extended management courses of an advanced nature 
suitable for men and women who are already profes- 
sionally qualified, and there are relatively few colleges 
with a nucleus of full-time staff able to develop such 
courses and to engage in research. So far, too, 
management education has been conditioned by its 
history in that it has usually been closely associated 
with economics and commerce, and has left in relative 
neglect the social sciences, particularly psychology 
and sociology. The Minister is convinced that there 
is both an educational and also a pressing economic 
need for a major advance, and proposes to set up & 
course leading to a Diploma in Management Studies. 
This course may not, in general, be taken by people 
unless they already possess graduate or equivalent 
professional qualifications and have had a measure 
of relevant practical experience in employment. If 
taken part-time, the courses will last three years, 
with a minimum entry age of twenty-three. --No 
diplomas will be awarded before the age of twenty-six- ` 

Entry to courses will normally be permitted only 
to students who hold a degree, a diploma in tech- 
nology, a final professional qualification approved for 
the purpose, or a higher national diploma, or people in 
managerial positions whose education has been 
interrupted since leaving school and who do not have 
the necessary ‘academic entry qualifications. For 
those with appropriate experience exceptional adris- 
sion will be available. 

Experience in management studies hae shown the - 
advantage of full-time, and especially full-time 
residential, courses over part-time courses. Those 
advantages are especially apparent for students of 
mature age and experience and of proved academic 
ability. The Minister indicates that full-time 
residential courses will increasingly be found to 
constitute the most satisfactory way of meeting the 
needs of the students for whom the Diploma scheme 
is designed. 

In the existing courses many of the students are 
young, inexperienced youths who seek to obtain 
managerial positions by long and arduous studies 
spread over at least five years of often badly taught 
evening classes; others are frustrated clerks and 
some of middle age who have been passed over for 
promotion, and who turn to management evening 
classes to prove themselves and restore their fortunes. 
Much misery has resulted from this system, and the 
Minister now roundly calls upon employers to remedy 
this unsatisfactory position by supporting part-time 
or full-time day or, even more desirable, full-time 
residential courses. 

In principle, postgraduate courses of the type 
envisaged should be conducted only in colleges which 
are well equipped and staffed for the purpose and 
which offer courses in other subjects at postgraduate 
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level as well as advanced courses in the separate 
aspects and techniques of management. So far as 
full-time and sandwich courses are concerned, the 
Minister recommends that provision should be 
restricted to the Colleges of Advanced Technology and 
those Regional Colleges which are already conducting 
well-established courses at the level of the Diploma 
in Management Studies. Only by such concentration 
will it be possible to build up the nucleus of full-time 
staff well, qualified in the economic, physical and 
social sciences and able to conduct the research and 
consultancy work which are the essential bases of 
-& lively postgraduate course. This long-overdue step 
will do much to improve the quality of management 
education. 

Students of management would have been much 
happier with the Circular, however, if greater empha- 
sis had been placed on the maintenance of adequate 
teaching standards at senior technical colleges by 
means of regular inspection. The Minister’s state- 
ment would also have been improved if it had 
contained some reference to the well-known passage 
in the Urwick Report that “Theoretical Training 
alone does not make a Manager”. 

Besides the Diploma in Management Studies, 
Circular 1/60 also describes the setting up of two 
new National Certificates in Business Studies—an 
Ordinary and a Higher. These will replace the 
existing Common, Intermediate Certificate in Manage- 
ment Studies ag well as the Ordinary and Highor 
National Certificates in Commerce. Unlike the 
proposal to develop a new Diploma in Management 
Studies, whieh is likely to meet with the warmest 
support from thinking management in industry, the 
proposal to introduce Ordinary and Higher National 
Certificates in Business Studies may not meet with 
much enthusiasm. Ordinary and Higher National 
Certificates have acquired significance as qualifications 
pursued by enterprising youths and young men who 
attend part-time day and evening classes. The 
Ordinary and Higher National Certificates in Com- 
merce have never acquired respectability, and to 
dissolve these into the new Ordinary and Higher 
National Certificates in Business Studies will give the 
Jatter emotional overtones which may take them a 
long ‘time to throw off before becoming accepted as a 
genuine first step in management studies. An Ordin- 
ary National Certificate for genuine students of 
commerce should have been preserved. The Higher 
National Certificate in Commerce could well have 
been dropped, and a new certificate, similar to that 
proposed both by the Minister and the Working Party, 
should have been introduced. It should have no 
direct connexions with the Ordinary National 
Certificate in Commerce, the name ‘National’ should 
not figure in it, and it should, as the Minister pro- 
poses, be available to all those studentas who at 
present take the Common Intermediate Certificate in 
Management Studies as well as students who hold 
Ordinary National Certificates in metallurgy, engin- 
eering, physics, commerce or any other discipline. 
The new Higher National Certificate in Business 
Studies will inevitably be regarded as the natural 
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development from the Ordinary National Certificate 
in Business Studies. Its name may lead to its demise. 

The third proposal contained in the Minister’s 
circular is that an Advisory Council on Education for 
Management should be set up. Unlike the new 
diploma and certificates, which only apply to 
England and Wales, the proposed Council will be 
established by the Minister of Education, Secretary 
of State for Scotland and the Minister of Education 
for Northern Ireland, and will be concerned with 
management education in the United Kingdom. 
Such a Council is badly needed; it was one of the 
major recommendations in the Urwick Report. The 
three Ministers concerned are to be commended for 
its establishment, for its proposed composition, and 
its wide terms of reference. The Council will consist 
not only of representatives of appropriate educational 
institutions and of the major professional bodies 
concerned with management education but also 
representatives of those scientific and technological 
institutions which sre themselves much interested in 
management education, together with representatives 
of both sides of industry and a number of other 
members with knowledge of management education 
generally, including management education M the 
universities. It will be concerned not only with the 
development of management education at levels 
beyond the equivalent of a university degree but also 
with the encouragement of research in management 
studies. 

The new proposals should lead to a silent revolution 
in British industry. Despite all our success stories, 
those familiar with industrial undertakings are only 
too aware that the general picture is still one of 
muddle, mis-management and the rule of the thumb, 
Real work-study is littl applied; budgeting is 
unknown; marketing is regarded ss hocus-pocus : 
stock control using operational research techniques 
is regarded as unsuitable for ‘practical’ men. A sig- 
nificant difference between American and British 
industry is that the Americans have long believed in 
the value of management education; the conse- 
quences are well known. Top management in British 
industry should now grasp the opportunities provided 
by the Minister to spread the scientific mode of thought 
along the lines advocated by Urwick and other pion- 
sors many years ago. Now that the Minister has come 
down, so heavily on the side of residential courses for 
management studies, perhaps he may soon announce 
what tho Government proposes to do to fulfil ite 
election promise of setting up an Advanced Centre 
for Management Education with university status. 
He should also ask his newly appomted Advisory 
Council to examine the existing facilities for manage- 
ment education to see if some order may not be built 
up from the existing confusion. The diversified 
activities at the Administrative Staff College, manage- 
ment consultant training centres, university and 
technical college management courses should be 
brought together to fit into a.unified pattern of 
education for management. Existing residential 
courses of the requisite standard should be accepted 
in part for the new Diploma in Management Studies. 
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RUSSIAN APPROACH TO 
MINERAL PARAGENESIS 


Physlochemical Basis of the Analysis of the Para-. 


genesis of Minerals 
By D. 5. Korzhinskii. Translated from the Russian. 
Pp. 142. (New York: Consultants Bureau, Ince. ; 
London: Chapman and Hall, Ltd., 1959.) 7.50 
dollars ; 63s. net. 


HIS book, which was originally published in 

Russian in 1957, is an excellent, clearly written, 
introductory discussion of the application of thermo- 
dynamics and the principles of projective geometry 
to the analysis of the paragenesis of minerals in 
multi-component heterogeneous natural silicate sys- 
tems 


The first chapter discusses the thermodynamic 
principles governing mineral paragenesis and is 
especially notable in two respects. First, by its con- 
sideration of the extensive parameters, that is to say, 
those such as mass, volume, entropy and enthalpy, 
the magnitudes of which depend on the size of a sys- 
tem or phase as distinct from the intensive parameters 
such as temperature, pressure and concentration. 
These extensive parameters have long been neglected 
oxen. in classical thermodynamics and this neglect has 
been*carried over into most of the thermodynamic 
discussions of natural silicate systems. Secondly, and 
equally notable, is the extension of the phase rule 
to cover open systems and not just isolated and closed 
systems, which are now generally recognized to be 
extremely rare in geological conditions. Apart from 
his memorable studies of the basement rocks of 
eastern Siberia, the author is perhaps best known for 
his views on metasomatism and the significance of 
‘perfectly mobile’ components the chemical poten- 
tials, activities and concentrations (not masses) m 
one of the phases or partial vapour pressures of which 
are factors of equilibrium ofa system. Withont such a 
concept of ‘perfectly mobile’ components the thermo- 
dynamic approach to open systems is impossible. 
The author is careful to restrict his consideration of 
components to independent components, but we must 
hope he will eventually extend his treatment. 

The second chapter deals with methods of repre- 
senting the chemical composition of various systems, 
especially multi-component ones, with emphasis on 
the use of projective geometry in graphical methods. 
Of particular Interest is the use of vectors to represent 
many (for example, seven) component compounds, 
following lLodochnikov’s earlier work. All the 
constructions are clearly explained and fully illus- 
trated with admirably labelled diagrams. 

Chapter 3 concerns the relation between the 
chemical and mineralogical composition of rocks 
under constant external conditions, and includes 
examples of the paragenetic analysis of minerals in 
multi-component systems, while Chapter 4 con- 
siders the dependence of mineralogical composition on 
external conditions. In this section more examples 
are given, which include the use of determinants in 
calculations of reactions in multi-component systems. 
A short explanation of the routine in using determ- 
inants is given. 

In the brief final chapter a few general comments 
emphasize that in most naturally occurring mmeral 
assemblages the problem is to find the conditions 
under which the minerals crystallized, using the 
observed or deduced paragenesis, and that the 


NATURE 


745 


determination of the stable assemblage in each of 
numerous different, but associated, rocks is important, 
but frequently difficult to achieve. No mention is 
made of the vital importance of synthetic laboratory 
studies. . 

Examples of the application of the author’s 
approach to particular systems such as the five- 
component system, CaO-MgO-Si0,-CO,-H,0, and the 
paragenetic analysis of granitic rocks in relation to 
the chemical potentials of sodium and potassium, 
both of which are fully examined, are particularly 
interesting, and more examples would have been 
generally welcomed. It is unfortunate that some of 
the examples do not use co-existing minerals actually 
analysed and that in the last-mentioned examplé’ 
average chemical compositions of biotites and horn- 
blendes in rather different rocks, and rather poor 
averages at that, should have been used as the basis 
for the caloulations. Integration of some of the 
experimentally determined laboratory results avail- 
able with the natural parageneses could have been 
profitably included. 

Perhaps most important of all, this book directs 
our attention to the woefully inadequate training in 
physical chemistry and mathematics of, unfortunately, 
nearly all geologists. The prevailing emphasis in 
most universities on laboratory and field studies, to 
the almost complete exclusion of theoretical geology, 
especially thermodynamics, has resulted m most 
geological research becoming a distressingly empirical - 
subject of unco-ordinated fact-finding, and we must 
welcome this new and fundamental, even if intro- 
ductory, synthesis. BurNnarD E. LEAKE 


STEROLS AND TERPENES 


Cholesterol l 
By Prof. David Kritchevsky. Pp. x42901. (New 
York: John Wiley and Sons, Inc. ; London: Chap- 
man and Hall, Ltd., 1958.) 78s. net. 


Ciba Foundation Symposium on the Biosynthesis 
of Terpenes and Sterols 

Edited by G. E. W. Wolstenholme and Maeve 

O’Connor. Pp. xii+311. (London: J. and A. 

Churehill, Ltd., 1959.) 45s. net. 


CCORDING to @ note on the dust cover, Dr. 
Kritchevaky’s book ‘‘provides a centralized 
source of information on the biological function and 
significance of cholesterol. It covers cholesterol 
chemistry, biochemistry, and physiology”. One 
must undoubtedly admire the courage of an author 
who is willing to undertake such a herculean task, 
especially when a rival work, which appeared almost 
simultaneously, required 15 co-authors. As a guide 
to the literature, it is of considerable value, for 
reference is made to approximately 2,000 publications. 
The first chapter, which deals with the chemistry 
of cholesterol and its derivatives, is only partially 
successful. In the space of about 50 pages, the reader 
is led from the first studies of gallstones in the first 
half of the eighteenth century to total syntheses of 
steroids at the beginning of the second half of the 
twentieth century. The result of such compression 
is likely to be difficult for biologists to understand and 
of little value to the chemist. For example, the 
Woodward synthesis is covered in eight lmes of text 
and a flow-sheet. Sarrett’s original synthesis of 11- 
ketoprogesterone is mentioned, but subsequent 
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improvements (J. Amer. Chem. Soc., 77, 1026, 3824 
(1955)) have not been included. Johnson’s synthesis 
of espiandrosterone is omitted entirely (J. Amer. Chem. 
Soc., 75, 2275 (1953)). This chapter closes with a 
useful account of methods of synthesis of isotopically 
labelled derivatives of cholesterol. 

Knowledge of the biosynthesis of cholesterol has 
increased so rapidly that already the second chapter, 
through no fault of the author, is badly out of date. 
Realization that cholesterol biosynthesis proceeds 
through phosphomevalonic acid has come since the 
publication of this book. Details of the rearrange- 
ments which occur during the formation of lanosterol 

from squalene have also been elucidated recently. 

- During the remainder of the book, the author 
appears to be more at home with his subject, and there 
are successive detailed accounts of the absorption, 
transport, and metabolism of cholesterol, the impli- 
cation of cholesterol in disease states, cholesterol- 
levels in the blood, and analytical methods for 
cholesterol. The overall impression which the reader 
is hkely to gain from this part of the book is one of 
confusion. The author gives a detailed account of a 
mass of experimental results which abounds with 
apparent contradictions. Perhaps a more critical 
approach would have been better. Generous use of 
subheadings and tables, however, simplifies the 
reader’s task to a considerable extent. 

The book ends with a long and useful appendix, 
which contains a wealth of physical data on chole- 
sterol, ite derivatives, and related sterols. In addition, 
there are tables giving the cholesterol content of 
foods, sera, breast milk and tissues of many species. 

phical errors m structural formul® were 
found on pp. 82 and 64. 

The Ciba Foundation has a happy knack of 
organizing symposia in which the most eminent 
workers on biological subjects of great current 
interest are invited to contribute. The published 
records of these symposia are valuable both to those 
directly interested in the subject and to those who 
gamely continue the struggle to keep abreast of 
modern advances. The uninhibited discussions, 
which follow the individual contributions, enable the 
oritical reader to appreciate divergencies of opinion 
among the experts, regions where hypotheses are 
ahead of experiment, and hence, the possible directions 
of future research. The present volume is no exception. 
The 17 papers, which comprise the symposium, cover 
most facets of the field of terpenoid and steroid bio- 
synthesis. From acetate to cholesterol and the bile 
acids through such intermediates as mevalonic acid 
and its phosphate esters, squalene, and lanosterol, 
is a long story, but such has been the interest, partic- 
ularly since the discovery of mevalonic acid, that most 
of the essential steps are now fairly clearly defined. 
The importance of acetate and mevalonate in the 
biosynthesis of triterpenes and carotenoids is clear, 
but these aspects of the field seern less fashionable 
than cholesterol, perhaps because of the clinical 
interest in the link between the biochemistry of 
cholesterol and atherosclerosis. 

It is difficult to select any of the work reported in 
this volume for particular mention. One must, 
however, pay tribute to the painstaking work of 
Folkers’ group; their discovery of mevalonic acid 
has provided a tremendous stimulus to biosynthetic 
studies in this field. For sheer brilliance of experi- 
mental technique, the elucidation, by Cornforth and 
his colleagues, of the mechanism of the rearrangement 
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of methyl groups, which occurs during the cyclization 
of squalene to lanosterol, is difficult to surpass. The 
paper describing the biosynthesis of terpenoid 
compounds in fungi by Birch and Smith has an 
originality of ideas which stems from a combination 
of a wide knowledge of natural product chemistry 
and the mechanisms of organic chemical reactions. 
Thus, structures as different as mycophenolic acid, 
mycelianamide, gibberellic acid, and rosenonolactone 
are shown to be closely related biogenetically. 
Durmg the chairman’s opening remarks and 
several times during the subsequent discussion, Sir 
Robert Robinson parades his anti-carbonium ion 
banner without seemmg to intimidate all the 
authors, for a number of structures with integral 
positive charges on carbon are to be found within 
these pages. It should be remembered that this 
symposium deals necessarily with only a part of the 
story of the biosynthesis of terpenes and sterols, 
namely the nature of the reactions undergone by the 
substrates in the enzyme-controlled sequence which 
starts from acetate. Perhaps one day it will be possible 
to add the missing chapters and write out detailed 
reaction mechanisms, which include the parta played 
by the various enzymes, and then it may well be 
recognized that Sir Robert’s criticisms are justified. 
D. T. ELMORE 
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STATISTICAL METHODS IN 
BIOLOGICAL AND MEDICAL 
SCIENCES 


Statistical Methods in Biology 

By Dr. Norman T. J. Bailey. (Biological Science 
Texts.) Pp.ix+200. (London: English Universities 
Press, 1959.) 25s. net. 


Elementary Statistics with Applications in Medicine 
and the Biological Sclences 

By Prof. Frederick E. Croxton. Pp. vii+380. (New 

York: Dover Publications, 1959.) 16s. net. 


HESE books are intended for different audiences. 

Dr. Bailey’s book “is to provide workers in the 
biological and medical sciences with an elementary 
account of the chief statistical methods liable to be 
needed in practice”. It does this admirably, in a very 
readable manner. 

One of the features of the book is a separate 
summary of statistical formuls, arranged so that the 
reader may easily find the technique appropriate to 
his problem. In the main text Dr. Bailey is careful to 
underline the pitfalls surrounding each method, but 
for obvious reasons of space these do not reappear in 
the summary. At the beginning of the summary Dr. 
Bailey warns: “If there is any doubt as to the 
application or interpretation of any formula, the 
reader should refer back to the full discussion”. The 
reader should act on this frequently. 

The main part of the book covers the usual field of 
such a treatise—basic ideas of estimation and signifi- 
cance teste, standard distributions and teste, and first 
principles of experimental designs. Mathematical 
symbolism is kept to a minimum. As a result, many 
formula appear without introduction: but this is 
justified, by the book’s intentions. Curiosity about 
mathematical derivations may be satisfied elsewhere. 

The biologist will find this book extremely useful, 
both as a ‘field guide’ and for an insight into the 
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methods employed in statistica. The statistician also 
would be advised to study this book, as an example of 
how lucidly statistical principles and arguments may 
be presented to non-mathematicians. 

Dr. Bailey’s book is not intended for under- 
graduate students as yet unfamiliar with research 
problems. It is to them that Prof. Croxton’s book is 
directed. But as a whole, although the many excellent 
worked examples are medical in origin, the book is 
strongly biased towards methods more important to 
social scientists than to medical or biology students. 
The first third of the book is devoted to methods of 
presentation of data, and calculations of medians, 
modes, skewness and kurtosis. Thereafter the student 
is led through linear and non-linear correlation, 
(the word ‘regression’ appears only in the index), the 
no binomial and Poisson distributions, the 
reliability and significance of means and proportions, 
y? tests, and finally a brief section on analysis of 
variance and allied procedures. As in Dr. Bailey’s 
book, mathematical symbolism is avoided as much as 
possible ; but replacing e by its numerical value in 
the normal distribution is surely carrying this 
‘sumplification’ too far. Prof. Croxton uses language 
and notation which is not standard, and some 
arguments, presented in general terms, are applicable 
only to the particular example under consideration. 
Although the book might be useful to a student of 
sopial medicine, it is on the whole unsatisfactory 
as af introduction to statistical methods as applied 
to experimentation. 

Both books are attractively presented, Dr. Bailey’s 
solidly bound, Prof. Croxton’s in the well-constructed 
series of Dover reprints; and both are inexpensive 
by modern standards. R. M. CORMACK 
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ADVANCES IN PLANT 
PHYSIOLOGY 


Annual Review of Plant Physiology ° 

Vol. 10. Edited by Leonard Machlis, in association 
with John G. Torrey. Pp. viit483. (Palo Alto, 
Calif.: Annual Reviews, Inc., 1959.) 7 dollars. 


HE tenth annual review of plant physiology 

follows the same pattern as previous volumes in 
that no attempt is made to cover advances made in 
the whole range of plant physiology, but rather to 
concentrate on a number of restricted fields so as to 
give a picture of the present position of knowledge in 
them resulting from recent developments. 

The subjects dealt with in the 19 articles which 
make up the present volume are diverse. Metabolism 
is well represented. iratory mechanism in higher 
plants, a subject which has attracted a great deal of 
attention in recent years, is dealt with by D. P. 
Hackett, and the closely related topic of the metabol- 
ism of carbon compounds by M. Gibbs. P. K. Stumpf 
and C. Bradbeer report on fat metabolism in higher 
plants, R. H. Burris on nitrogen nutrition and N. W. 
Pirie on leaf proteins. Two articles are concerned 
with chlorophyll-containing bodies, one by J. T. 
Wolken on the structure of the chloroplast, the other 
by A. W. Frenkel on reactions of bacterial chromato- 
phores induced by light. Various aspects of mineral 
nutrition considered by W. H. Chandler, T. C. Broyer 
and P. R. Stout, and S. H. Wittwer and F. O. Teubner 
have a special bearing on hortioulture and agriculture, 
while the article by G. G. Laties on active transport 
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of salt into plant tissue deals with a fundamental 
problem of salt relations of plants. 

As regards growth and development, J. Doorenbos 
and S. J. Wellensiek discuss the influence of photo- 
period on floral induction, while two articles are 
concerned with growth-regulating substances, one on 
the chemical regulation of growth by a number of 
substances by F. C. Steward and E. M. Shantz, 
the other, by H. E. Gruen, on auxin and fungi. 
Phototropism and phototaxis are discussed by J. 
Reinert. 

The remaining four articles are a miscellaneous 
assemblage, the subjects dealt with being lignins by 
R. E. Kremers, the pine tree by N. T. Mirov and 
R. G. Stanley, virus diseases by F. C. Bawden and 
plant chemotherapy by A. E. Dimond and J. G. 
Horsfall. l 

These articles are for the most part well written 
and generally avoid the fault of developing into a 
series of abstracts. They are highly informative and 
their production must have involved a vast amount 
of work on the part of the various authors. The high 
standard and usefulness of previous volumes is fully 
maintained in this latest annual review. 

W. StTILEs 


ROTATING FLUID MASSES 


Figures of Equillbrium of Celestial Bodies, with 
Emphasis on Problems of Motion of Artificial 
Satellites : 

By Zdeněk Kopal. Pp. vi+135. (Madison: Univer- 

sity of Wisconsin Press, 1960.) 3 dollars. 

Tra important monograph is an exposition of the 

hydrostatic theory of self-gravitating fluid masses 

subjected to the distorting effects of rotation and tidal 
attraction. After a short introductory chapter, Prof. 
Kopal describes in Chapter 2 the first-order theory, 
due essentially to Clairaut, Legendre and Laplace, 
and discusses the mathematical properties of Clairaut’s 
equation. The first-order theory assumes that the fluid 
mass departs from spherical symmetry by only a small 
amount, the square of which can be neglected. In 
Chapter 3 the theory is extended to cover the second- 
order effects of either the rotation of the body or the 
tides raised on it by a near neighbour ; and in Chapter 
4 the effects of interaction between rotation and tides 
are worked out. Second-order theory has previously 
been formulated by Callandreau, Darwin, de Sitter, 
Jeffreys and others; but Prof. Kopal’s treatment is 
more general, and the contents of his Chapters 3 and 4 
represent an impressive extension to the existing 
theory. The short Chapter 5, which concludes the 
book, discusses the free and forced oscillations of fluid 
bodies, with special reference to the possibilities of 
resonance. 

The main application of the new theory is in double- 
star astronomy: in close binary systems the tidal 
effects in particular can be large enough to require ` 
a treatment correct to the second-order. ` 

The subtitle of the book, ‘with Emphasis on Pro- 
blems of Motion of Artificial Satellites”, is most misg- 
leading, and would seem to have been added as an 
afterthought. These problems are not discussed, 
except in brief assertions on pages 4, 53 and 113 that 
the new theory will have an impact on Earth-gatellite 
orbital studies. Since neither the solid Earth nor the 
atmosphere is exactly in hydrostatic equilibrium, and 
the Earth’s surface is not an exact equipotential, it ig 
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difficult to see how the new theory can be directly 
relevant to the study of Earth-gatollite orbits, and 
more explanation would certainly have been 
welcome. 

It cannot be pretended that the book is easy to 
read, though this is due partly to the difficulty of the 
theory. When the author has the chance to relax 
from the rigours of mathematics, as in the introductory 
paragraphs of each chapter, his writing is lucid and 
lively : the last paragraph on page 87 is particularly 
admirable in giving new life to a well-worn metaphor. 
The book is printed by a photographic method from a 
typescript. The resulting product is extremely clear, 
but the appearance of some of the formule would 
have been improved by more frequent use of small 
type, especially in fractions. Trivial errors and mis- 
prints are commendably rare, though equation (1-39) 
of Chapter 2 seems to be wholly erroneous and should 
be replaced by equation (2-3) of Chapter 3. 

D. G. Krna-HELE 


FROM NUCLEUS TO UNIVERSE 


From Nucleus to Universe 

A Course of Selected Lectures in Physics and Astro- 
nomy, University of Sydney, January 11-22, 1960. 
Edited by Prof. 8. T. Butler and Prof. H. Messel, 
Pp. 335. (Sydney: Shakespeare Head Press, Pty., 
Ltd., 1960.) 84s. 


HE excellent lectures delivered at the first of the 

gummer schools for science teachers at the Univer- 
sity of Sydney, sponsored by the Nuclear Research 
Foundation, were reviewed in these columns some two 
years ago (Nature, 182, 623; 1958) and have recently 
been re-issued by Messrs. Macmillan. This present 
volume containg those given at the third summer 
school of January 1960. They are of the same 
high standard, and given by a most distinguished 
group of scientists. The chief difference from 
the earlier volume is the thread of continuity that 
makes it more like a symposium on a single central 
theme. 

The first contribution, by Prof. 8. T. Butler, on 
mtroductory atomic and nuclear physics, deals with 
nuclear structure in general, and the interaction 
between charged particles and radiation. Next, Prof. 
C. N. Watson-Munro, on advances in thermonuclear 
research, discusses the physical conditions for main- 
taining a thermonuclear reaction and the orders of 
magnitude to be expected. The problems of stability 
in both linear and toroidal pinch machines, the field 
convolutions of the Stellerator type, the magnetic- 
bottle devices and the means of ion injection, are 
described with helpful diagrams; and there is a 
short summary of the means available for studying 
what goes on inside a plasma. 

Prof. G. Gamow’s account of the universe and its 
origin is the longest individual contribution. He 
discuases both the evolutionary and steady-state 
cosmologies, together with the kind of evidence 
which would help to discriminate between them. 
On the evolutionary theory, for the first tenth of the 
lifetime of the universe, radiation must have pre- 
ponderated over matter; and the first critical stage 
from which the protogalaxies emerged came when 
matter began to play a significant part in affairs. 
This lively field of controversy was, it appears, 
submitted to American astronomers by the Gallup 
pollsters ; unanimity was expressed in the answer to 
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one question only—that asking whether such a poll 
was of any use! Prof. Bart J. Bok continues Prof. 
Gamow’s story with an account of the observational 
basis for stellar evolution. 

R. Q. Twiss, on stellar interferometers, describes 
the Michelson interferometer as originally used for 
the measurement of stellar diameters, and then 
shows how, as an ‘intensity’ interferometer, it was 
adapted to measurements on radio stars. The next 
stage in the development, which involved so much’ 
discussion a few years ago on the correlation of 
photons in two coherent interfering beams, was to 
bring it back as an intensity interferometer into 
optics. This work has led to a new type of interfero- 
meter, of which an account is given. 

T. Gold discusses the origin of the solar system, the 
structure and evolution of the Earth, and the probable 
state of the surface of the Moon. A. A. Day, on the 
interior of the Earth, takes two models of the mantle- 
core arrangement and describes the physical con- 
ditions associated with each, mentioning the inform- 
ation expected to be given by the project of boring a 
hole down to the Mohorovité:é-discontinuity. “Space 
Physics” 18 the title of D. F. Martyn’s contribution, 
which describes the problems of launching satellites, 
the processes of observing and tracking and obtaining 
information from them, and the results of satellite 
observations. H. D. Rathgeber describes the Van 
Allen. belt of radiation, and its probable part in the 
origin of the auroræ. G. B. A. McCusker gifes’an 
account of cosmic radiation, mentioning the associ- 
ation with solar flares, and describing some of the 
very high-energy nuclear events observed in photo- 
graphic emulsions exposed to cosmic rays. The study 
of conditions in the upper atmosphere by observations 
of meteor trails, micrometeorites and the zodiacal 
light are among the topics mentioned by G. Elford 
in his account of the science of meteors. Finally, 
K. B. Mather writes of research in Antarctica during 
the International Geophysical Year, and of work on 
the structure of the Antarctic continent. 

The original aim of the summer school was to give 
teachers the means of arousing enthusiasm for 
science among their pupils, and to stimulate the flow 
of entrants to the university science courses ; and the 
1958 publication was effectively a permanent record 
for the participants. This is a more luxurious pro- 
duction, which ıs intended for a. wider creole of 
teachers, and could be understood by their more 
enterprising pupils or by the interested layman.-.I do. 
not feel justified in complaining about the price, which 
seems fair for a handsome limited edition of real 
intrinsic value ; indeed, it would be conniving at the 
major education heresy of our times to imply that 
one can expect to get what is first-rate on the cheap. 
At the same time, it is a pity that this book is out of 
the reach of the thousands of teachers who would 
read it with delight, and of most of the librarians who 
are working to a budget. There must be some way of 
meeting the latent demand and the not-so-latent 
need for such a book; and perhaps on a future 
occasion it may be found. For this is more than a 
shot in the arm for the jaded teacher whose equipment 
is a little obsolete ; it embodies the new outlook, or 
the resurgence, of a science that 1s stil an adventure 
of the human spirit rather than the mere handmaid 
of technology. If we are to begin to think seriously, 
as we shall surely have to, about science as a liberal 
study in schools, this is the kind of book that will 
direct our thoughts along the right lines. 

G. R. Noarzus 
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SPACE SCIENCE 


HE First International Space Science Symposium 
held during the second week of January at 
_ Nice was attended by nearly two hundred delegates 
from all over the world. The meeting was organized 
by the International Council of Scientific Unions 
Committee on Space Research and was held in the 
Centre Universitaire Méditerranéen. In the foyer 
and on the landing was arranged an exhibition of 
instruments for space research with a display of some 
experimental results. A particularly strong contribu- 
tion from the United Kingdom brought the work of 
this country for the first time before the eyes of the 
world. 

During the first decade after the War geophysical 
and astronomical research by means of rockets, or 
space research as it has now come to be called, 
made important but for the most part undramatic 
progress. With the approach of the International 
Geophysical Year the rate of firings increased greatly 
as rockets were launched by way of a dress rehearsal 
far that period of intensive effort. During the period 
itself this research with rockets ceased to be the 
prerogative of the United States and the U.S.S.R., 
as they were joined by Australia, Britain, Canada, 
and Japan and later by France. In the meantime 
artificial satellites were launched, and scientists of 
several nations who did not have facilities for their 
own. launchings joined in the tracking of these bodies 
and made use of their orbital behaviour to determine 
more precisely the figure of the geoid and to study the 
density of the atmosphere above 200 km. 

The meeting at Nice was the first opportunity for a 
comprehensive presentation of the work being done 
in various paris of the world, and it providéd, both 
in its formal sessions and in informal periods, time 
for the discussion which was now due. Much of the 
work had been carried out during the International 
Geophysical Year, but important results obtained 
since, especially with lunar and deep space probes, 
were also presented. Indeed, the success of the 
‘International Geophysical Year firings, together, 1t 
must be admitted, with an element of international 
competition between the U.S.S.R. and the United 
States, has ensured that more use than ever is being 
made of rockets for research. 

Table 1 compiled from the Committee of Space 
Research reports on national activities gives an 
mdication of the various national efforts. Only 
successful firings are included, that is those in which 
the original objective was largely achieved. 

The rockets used were generally either of the 
1 ton-150 Ib. payload class (for example, the British 
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Skylark) or of the multi-stage small solid-propellant 
type (for example, the American Ntke-Cajun). 
Altitudes were generally around 150 km. However, 
the Russians used their geophysical rockets. These 
can carry payloads of about 2 tons and reach altitudes 
of more than 450 km. Frequently much of this 
payload was used for experimental animals. In 
terms of payload carried, therefore, their effort 
compares favourably with that of the United States. 
Aspect control in the Russian work haa been achieved 
by spherical containers, weighing about 700 lb. 
ejected from the geophysical rocket. Lunik III was 
of similar form. The Americans have made good use 
of aspect control for solar spectroscopy by employing 
Aerobees fitted with the University of Colorado Sun- 
Seeker. 

Russian work has been characterized by a relatively 
high degree of standardization in the instrumentation 
(so that one type of instrument is flown again and 
again) and in the use of one rocket to many 
different experiments. On the other hand, the fleld of 
study of the Americans has been wider both as 
regards the phenomena investigated and the tech- 
niques used. 

The hundred papers read at the conference were 
classified under seven headings. I shall endeavour 
to direct attention to some of the more important 
conclusions and results rather than to remark on 
individual papers. 

In the opening session, on the Earth’s atmosphere, 
Wexler discussed some of the doubts which have been 
current concerning the value of meteorological 
pictures made from satellites. He showed a film 
made during an Atlas firing which revealed a broad 
band of cloud associated with a front over the North 
Atlantic, the complex zone of the tropics and‘: 
the organization of tropical clouds into streets, 
many of them aligned with the wind in the sub- 
cloud layer. 

Important results obtamed by the velocity of sound 
method in the Arctic, reported by Stroud et al., showed 
the seasonal variation of wind and temperature. 
In the summer the prevailing winds were relatively ` 
gentle, usually less than 60 m./sec. from the east, 
while the temperature minimum at 80 km. was very 
deep, about 170° K. In the winter it was 60° warmer 
at this height and the winds were twice as fast and 
from the west. Two winter firings showed a break- 
down of the ciroulation with strong northerly and 
southerly winds associated with sharp temperature 
increases in the stratosphere. 

A comprehensive paper by Poloskov presented the 
Ruasian results on the neutral gas and the ionization. 
On the whole the data agreed well with the better- 
known American data. Mass spectrometer results 7 
showed the degree of dissociation of nitrogen up to ` 
203 km. to be less than 2 per cent. Diffusive separa- 
tion set in above 100 km., and the major positive ions 
found were atomic and molecular oxygen and, nitric , 
oxide. 

In view of the importance of the ionosphere, and 
the amount of work done on it, the number of impor- 
tant results reported was remarkably small. Con- 
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spicuously lacking were data on sporadic and polar 
ionization, and on irregularities and motions. There 
was a tendency for the papers to deal with methods 
rather than results in this section. It is clear that 
Langmuir probes are emerging from the cloud of 
suspicion which has surrounded them since Lang- 
muir’s immediate successors found that their use 
was not always simple. Several of the papers were 
concerned with results from a study of eatellite radio 
signals. Especially interesting are Garriott’s results 
on the Faraday effect, which tend to confirm Evan’s 
Moon echo measurements, that there are four times 
as many electrons above the F maximum as below. 
Thus above the maximum the concentration falls 
slowly. It was also found that magnetic activity 
could be accompanied by severe distortions of 
the profile, although the total content did not 
change. 

The great importance of the discovery of the Van 
Allen belts of charged particles, trapped in the 
geomagnetic field, was reflected in the session on 
cosmic radiation and interplanetary gas. Eighteen 
papers were read, with important contributions from 
Van Allen, Vernov, Dolgmov and Kursanova and 
their collaborators. Van Allen gave the flux of 
electrons in the outer zone of energy greater than 
40 keV. as 101 (om.* sec.)-?. At 200 keV. this had 
fallen by three orders of magnitude. The proton 
flux in the outer zone was less than 10? (cm.* sec.)-} 
for particles more energetic than 60 MeV. The outer 
zone undergoes large fluctuations associated with 
solar activity, auroræ, atmospheric heating and 
magnetic storms. The inner belt is very constant in 
intensity and form and is thought to be due to decay 
of cosmic-ray neutrons. The electron fluxes are 100 
times smaller than in the outer zone while the proton 
flux is about 100 times greater. 

The Russian data agree fairly well with Van Allen’s 
and extend the energy-range of the measurements. 
However, Vernov reported some apparent magnetic 
control of the inner zone intensity. In the same 
paper he gave the y-ray flux in interplanetary space 
as less than 0-1 photon om.-? sec.~! for energies greater 
than 450 keV., and less than 3 photons cm.-? sec,~? 
for energies greater than 45 keV. 

Magnetic field measurements made by flux gate 
magnetometers were reported by Dolginov. These 
showed the existence of the field associated with the 
outer terrestrial radiation belt and also that the 
field of the Moon was less than 100y. This gives a 
value for the lunar magnetic moment not more than 
į per cent of the Earth’s, in accordance with the 
idea that the Moon has no liquid core. The same 
general conclusion is indicated by the lack of evidence 
for a lunar -radiation belt in the data obtamed by 
Lunik IT.- 

Cosmic ray measurements by Lunik II gave the 
following ratios for the fluxes of heavy rays, 1,000: 
75:3 for Z values kane Riss ee 

ibiltty suggested by some of these results, but 
poe confirmed, is the trapping of «-particles in 
a radiation-belt situated 20,000 km. from the Earth’s 
centre. 

In the sessions on tracking and telemetry the paper 
by O’Keefe was of geophysical importance. Early 
studies of artificial satellite orbits gave a value of 
1/298-3 for the equatorial bulge, which is about 
14 per cent leas than the internationally accepted 
value. These studies considered only the second 
harmonic, but in 1958 it was pointed out in Great 
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Britain that the use of orbits at various inclinations 
would make it possible to determine higher harmonics 
simply from the precession-rates. On the other hand, 
it was found that a careful elimination of the effects 
of drag from the high satellite Vanguard I resulted 
in & motion containing two secular terms and four 
terms of period equal to the period of revolution of 
the line of apsides. Two of the periodic terms are 
interdependent, but the remaining five coefficients 
lead to values for the 2nd, 3rd, 4th and 5th harmonics. 
These results show that the shape of the geoid is not 
that which it would have if it were in rotational 
equilibrium. Indeed, it is not even symmetrical, as 
there is @ significant 3rd (but not 65th) harmonic. 
O’Keefe considers the possibility that the distortion 
is due to convection currents, and rejects it on 
energetic grounds in favour of Jeffrey’s model. Ho 
concludes that the Earth has considerable mechanical 
strength. It does not seem possible that the Earth’s 
interior is a viscous fluid with a viscosity around 
10%? poises as has been supposed. 

The study of solar radiation is one of the most 
important branches of space science. As a sample 
star, close at hand, the Sun is of immense astrophysi- 
cal significance, while its short-wave radiation 1s 
responsible for the ionosphere, with its varied struc- 
ture and behaviour. The extensive and systematic 
work of the team at the Naval Research Laboratory, 
Washington, was among the most beautiful Gf the 
term may be allowed) reported at the symposium. 
This team has used ionization chambers, high- 
resolution grating spectrographs and double-grating 
imaging monochromators to obtein valuable data 
on the emission spectrum, and to photograph the 
solar-disk in Lyman-« radiation. Good use has been 
made of the University of Colorado Sun-seeker to 
obtain details of the Lyman-« profile and to reveal 
strong reversal in the centre of the line. 


Taking the American work as a whole (no work on 
solar ultra-violet or X-rays was reported from the 
U.S.S.R.) the outstanding results to date are sum- 
marized in the following quotation from a paper by 
Rense: “(1) Extension of the solar Fraunhofer 
spectrum to about 1500 A. and the identification of 
over 1,000 absorption lines. (2) The detection of the 
promiment hydrogen Lyman-« line and the measure- 
ment of its absolute intensity. (3) The determina- 
tion of the half-width and profile of the hydrogen 
Lyman-« line. (4) The detection of several members 
of the Lyman series and the continuum. (5) The 
detection of the ionized helium resonance line at 
303-8 A. and the establishment of its relatively high 
mtensity. (6) The detection and wave-length meas- 
urements of several hundred emission lines extending 
from about 1900 A. to 84 Å., with positive identifica- 
tion in many cases. (7) The measurement of 
the approximate absolute intensities of several 
of the lesa-intense emission lines. (8) Successful 
photography of the Sun’s disk in hydrogen Lyman-« 
radiation”’. 

The work on X-rays has concentrated chiefly on 
the effects of the flares. For flares in the range class 
2-3 the flux between 20 and 100 A. has averaged 
about 2 cm.-*. Between 8 and 20 A. it was 
found to be about 3 x 10-* erg. om.-* and between 
2 and 8 Å., about one-third of this value. Considerable 
hardening of the radiation thus occurs during such 
flares, together with a doubling of the total flux. 
Results suggest the existence of local thermal sources 
with a temperature of the order of 10° ° C. 
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The session on the Moon and the planets contained 
a number of papers, reflecting the stimulation of 
interest in these fields by the rapid development of 
space technology. Of special note is the serious 
consideration now being given to space biology. 
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The only rocket results reported in this session, 
however, concerned the now well-known Lunik III 
photograph of the reverse side of the Moon. It isa pity 
that the unique techniques employed in this superb 
piece of work were not discussed in greater detail. 
R. L. F. Boxp 


PRIMARY PROCESSES IN THE ACTION OF IONIZING 
RADIATIONS ON WATER: FORMATION AND REACTIVITY 
OF SELF-TRAPPED ELECTRONS (‘POLARONS’) 


By Pror, JOSEPH WEISS 


Department of Chemistry, King’s College, University of 
Durham, Newcastle upon Tyne 


URING recent years, the study of the chemical 

action of ionizing radiation hae been largely based 
on the hypothesis that the chemically active species 
are atoms and free radicals produced by radiation. 
This was introduced into the radiation chemistry of 
wafer, when it was suggested’ that the absorption of 
the iation leads to H atoms and OH radicals 
(H,0 ——~~~—> H + OH). These general ideas were 
later also extended to other systems. From a physical 
point of view, the absorption of ionizing radiations is 
known to lead to ionization and excitation. It seemed 
hkely, therefore, that some primary species in the 
nature of ions and excited molecules could pley some 
part in these processes. At first, it was generally 
assumed that any such species formed would be 
very short-lived precursors and of no importance for 
the chemical reactions. In 1953, it was suggested? 
that such a view cannot be wholly correct, because 
while it was reasonable to suppose that ‘excited 
molecules would undergo pre-dissociation into free 
radicals in times of the order of 10-™ gec., it seemed 
probable that, in general, the 1onic precursors may 
play quite an important part in the mechanism of 
chemical reactions induced by radiation. In 1957, 
some definite evidence could be produced? to show 
that positive as well as negative ionic species formed 
from the. water may be umportant in the radiation 
chemistry of aqueous systems. In fact, it could be 
demonstrated that there were two reducing species 
present in solution, namely, hy n atoms and 
electcons. The (‘self-trapped’) electrons in the 
dielectric medium (water) were tentatively identified 
with the ‘polaron’, which was known from the work 
of Landau‘, Mott® and Pekar* on the behaviour of 
electrons in ionic crystals. 

Recent work has fully confirmed these views’,® 
and has also shown that these ‘polarons’ are normally 
relatively stable. On the basis of the known physics 
of the ‘polaron’, this is exactly what was to be 
expected: the polaron is an electron produced 
by radiation and thrown into the water, where it 
polarizes the surrounding medium and in turn, by 
its own field, keeps the polarization of the medium 
in a stationary state. From the theory of Pekar, one 
can calculate the mean radius (rp) of the polaron, 
which is given by the equation’ : 


_ on 
, = oue 





(1) 


where the parameter c is (1/n* — 1/e), in which n? is 
the optical dielectric constant ; e is the static dielec- 
tric constant ; u is the effective mass of the electron ; 
A is Planck’s constant; e is the electronic 

In the case of water {0 œ= 0-58), thus would lead to a 
value of the order of r~10A., assuming that u is 
equal to the rest mass (m) of the electron. In water, 
the conditions for the existence of a polaron are, in 
fact, fulfilled’, as the electronic frequency of the 
polaron is always very much greater than the proper 
frequency of the ionic vibrations and considerably 
less than the frequency of the bound electrons in the 
dielectric medium. 

The polaron is thus not to be pictured ag an electron 
attached to a particular water molecule, but as an 
electron belonging collectively to 4 comparatively 
large number of water molecules with a cor- 
responding to the de Broglie wave-length of the 
electron. This makes it conceivable that the polaron 
should be relatively stable with regard to dissociation, 


according to : 


(H,0)--—> H + OH- (2) 
which is due to the fact that the average time which 
the electron spends on a particular water molecule is 
small compared with the time (10-7! sec.) necessary 
for the dissociation and solvation of the resulting 
OH- ion. 

On the other hand, it is equally obvious that the 
polaron should be capable of interacting with a suit- 
able centre ın the water, by which ıt can be trapped 
or annihilated. In the absence of any other. ‘traps’, 
the positive centres resulting from the removal of an 
electron from @ molecule of the solvent, which may 
be regarded as positive polarons, would react 
according to: 


(H,0) + (B0) > 2H,0 (3) 


Such @ reaction may, in fact, be the main cause for 
the relatively low yields of free radicals produced by 
radiation of liquid water as compared with the yields 
in water vapour’. If, on the other hand, there are, 
for example, a sufficient number of hydrogen ions in 
solution, competition will be set up by the reaction 
of the polaron with the hydrogen ions, according to : 


(H,0) + H>H + H,0 (4) 


a 


752 


leading to the formation of hydrogen atoms. There 
is, however, also some direct formation of hydrogen 
atoms, in & relatively low yield, from the dissociation 
of excited water molecules according to: 


H,O* > H + 0H 


The above considerations do not affect the 
secondary formation of H,* ions? from H atoms and 
hydrogen ions (H + H+ 2 H,*) im relatively acid 
solutions. 

In the presence of a suitable solute which can act 
ag & polaron, acceptor, this will also be competing for 
the polaron. For example, in the cage of mono- 
chloroacetic acid, this reaction can be represented 
by?: 


(H,0)- + CL.CH,.cOOH — 
Cl- + CH,COOH + H,0 (5) 


Other reactions are, for example, the reaction with 
hydrogen peroxide, according to: 


(H,0)- + H,O, > OH- + OH + H,O (6) 
or (H,0)- + O, > 0, + H,O (7) 


In solutions containing more than one acceptor one 
will, of course, have competition, as, for example, 
between, reactions (3) and (7), respectively. 
Another point of interest concerns the interaction 
of two polarons. It is well known that in the radio- 
lysis of water a certain amount of molecular hydrogen 
18 produced directly, presumably in the tracks of the 
ionizing particles. It has been thought previously 
that this may be due to the interaction of hydrogen 
atoms. However, such an assumption is not in agree- 
ment with many of the experimental facts. More 
recently’, it has been suggested that this is due to the 
interaction of two of the ionic precursor species, 
which may lead to the formation of molecular 
hydrogen on one hand, and molecular hydrogen 
peroxide on the other hand, according to: 


2(H,0)- > H, + 20H- (8) 
2(H,O)*—> H,O, + 2H (9) 


In view of the relatively great stability of the 
polarons, it is now perfectly conceivable that such 
bimolecular interactions may take place, particularly 
in regions of relatively high-ionization density. 

Tt is interesting to look again at the physical 
situation: it is well known that the so-called F” 
centres can exist in an ionic crystal; these are 
believed to be two electrons occupying a negative 
vacancy. Such a configuration is stable and its 
stability is essentially due, in spite of the repulsion 
of the electrons, to the interaction of the electrons 
with the positive charges surrounding them. In fact, 
the net charge of the F” centre is the same as that of 
a mononegative particle. The situation is, however, 
different if there are no free positive charges present. 
In the case of a single polaron, the theory predicts 
considerable stability in a medium of high dielectric 
constant. However, for the same reasons one can 
show that what could be a ‘bi-polaron’ must be & 
highly unstable entity’ ; that is, if two polarons meet, 
they either repel each other or, if there is a possibility 
of a chemical interaction, mutual annihilation will 
occur. 
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Irradiated Ice 


Some other indications for the existence of polarons 
can be derived from electron spin resonance meas- 
urements on irradiated ice and frozen acids (for 
example, sulphuric or perchloric acid). When acids 
are present ın the ice, atomic hydrogen has been 
definitely established from observations of the hyper- 
fine structure, and this was also confirmed by work 
on the D,O-system’*. On the basis of the above 
considerations, the formation of hydrogen atoms 
would be due to a capture of the polaron by the 
hydrogen ions of the acid according to equation (4). 
Such a view is to some extent supported by the fact 
that, in pure ice, no evidence for hydrogen atoms 
could be obtained!!. A doublet and some other 
unresolved limes were observed after irradiation of 
pure ice, the former corresponding to a g = 2-0085. 
Such a spectrum would not be incompatible with the 
presence of polarons, but cannot, of course, be 
regarded as a proof for these species. 

When pure ice is irradiated, for example, with 
X-rays, a steady-state fluorescence and a weak, but 
reproducible, thermoluminescence is obgerved!?. The 
fluorescence induced by irradiation of ice is suppressed 
m the presence of 2 x 10% M hydrogen peroxide, 
but on further irradiation the original luminosity is 
restored ; this was found to be due to the gradual 
decomposition of the hydrogen peroxide during the 
irradiation. Presence of hydrogen peroxide likewise 
suppresses the thermoluminescence. 

These phenomena, again, can be interpreted on the 
basis of the conversion of radiation energy into 
ionization and excitation. 

Excitation in the solid may result in the formation. 
of an ‘exciton’, and it is quite possible that the 
emission of fluorescence is, in fact, dus to the radiative 
deactivation. of ‘excitons’ in the ice. 

On the other hand, ionization would lead to the 
formation of polarons: the observed decay of thermo- 
Salo A which is a first-order process and cor- 

to a trap depth of about 0-3 eV., would be 
compatible with such an assumption. The trap depth 
of 0:3 eV. is, in fact, rather close to the value for the 
binding energy of the polaron in the ground state 
(H,), which can be derived from Pekar’s ee who 
gives the expression’ : - 


H, = — 147} E o ey 7 
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(10) 


Thermoluminescence could thus be due to the radiative 
annihilation of a positive and negative polaron accord- 
ing to reaction (3), or the radiative interaction of the 
polaron with en impurity centre. For water (c? = 0:3) 
and u ~m, this gi a value of H, = — 0-44 eV. 

I wish to thank Prof. N. F. Mott for his very 
helpful commenta. 
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EQUIVALENCE OF LIGHT AND ADENOSINE TRIPHOSPHATE. l 


By Dr. M. LOSADA, Dr. A. V. TREBST, S. OGATA and Pror. DANIEL I. ARNON 
Laboratory of Plant Physiology, University of ‘California, PETES 






PypHOTOSYNTHETIC phosphorylation»? has pro- 
. vided direct experimental evidence for the view 
that the key event in photosynthesis, the conversion 
light into chemical energy, is independent of the 
jassical manifestations of this process in green 
- plants—oxygen evolution and carbon dioxide reduc- 
tion. In the light-dependent phosphorylation of the 
__eyclic type, that is the common denominator of photo- 
synthesis in plants and bacteria, carbon dioxide is 
not assimilated “nor is oxygen evolved; the only 
identifiable chemical product of the absorbed light 
_ energy is adenosine triphosphate®.*, 
An photosynthesis of green plants the contribution 
of light is not limited to the synthesis of adenosine 
triphosphate, but also includes the formation of 
< reduced triphosphopyridine nucleotide’. Adenosine 
_ triphosphate and reduced triphosphopyridine nucleo- 
tides, jointly called assimilatory power’, are then 
used for carbon dioxide assimilation. All the reactions 
of carbon dioxide assimilation occur in the dark and 
are also present in non-chlorophyllous cells*-* and 
< must therefore be considered as being removed from 
the energy conversion process peculiar to photo- 
‘synthesis. The validity of this concept of photo- 
synthesis has been documented in isolated chloro- 
plasts by separating experimentally their light and 
dark reactions, and by characterizing their carbon 
dioxide assimilation’, 

We have recently reported that, in the presence of 
hydrogen gas, the contribution of light in bacterial 
photosynthesis may be limited to the formation of 
adenosine triphosphato®. ` ‘Similar. views have also 
_ been expressod’ on thg basis of dependent evidence 
_ by Stanier, Doudor off, Kanisiwa and Conto 

oe reductant requirec ido: e 






















an follows. hydrogen 
i ae if light i is teoa CS exogenous adenosine 
triphosphate, photosynthetic carbon assimilation 





ould proceed entirely in the dark. a 
The substitution of adenosine ETE E A for 
ght would be particularly significant if it could be 
monstrated in such photosynthetic bacteria as 
hromatium, that are unique in the living. world in 
being strict phototrophs. Chromatium, unlike, for 
example, Chlorella, or photosynthetic bacteria of the 
genus Rhodospirillum, cannot replace its» light- 
dependent mode of life by a heterotrophic, aerobic 
etabolism in the dark!*-", Chromatium grows 
y in the light, and being an obligate anaerobe, 
annot carry out oxidative phosphorylation. | 

‘The purpose of this article is to report evidence 
hich we have now obtained’ for the equivalence of 
ght and adenosine triphosphate in the photo- 
assimilation by Chromatiwm-of carbon, supplied either 
carbon dioxide or acetate. The findings to 


S reported support the view that bacterial photo- 
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acetate did not aid the assimilation of labélled carbon 





Fan, 










synthesis is the prototype of photosynthesis i in 1 green 
plants, where it became modified in the course of- 
biochemical 6volution, to include oxygen evolution | 
and the formation by light of a reductant for carbon — 

dioxide assimilation’. aot 


Carbon Assimilation by Whole Cells 


Until recently, the prevailing view of carbon 
assimilation in photosynthetic bacteria was that 
these organisms resemble green plants in forming 
most of their carbon compounds by redueing carbon 
dioxide. It was known for a long time that Chroma- - 
tium can assimilate organi¢ substrates in light: 
but, in the main, these came to be regarded as hydro- 
gen donors, rather than as sources of organic carbon 
for further photosynthetic elaboration into cellular 
material. Stanier et al.# have now reopened this 
subject by showing that in “resting” cells of Rhodo- 
spiriilum rubrum “acetate is converted anaerobically Po 
in the light largely to poly-beta-hydroxybutyrate”. s 
We have therefore re-examined the assimilation of 

arbon under different conditions uaing ‘gagwing’ 
Chromatium cells. 

As shown in Table I, significant fixation’ of alee 5 
dioxide, labelled with carbon- 14, by Chromatium cells 
occurred, as expected, only in the light and was 
greatly increased by the addition of malate, succinate, 
thiosulphate, sulphide, and molecular hydrogen. . 
Acetate was an exception; it did not increase 
fixation of carbon dioxide, sod 

The assimilation of acetate acquired special interest. 
when we found, in parallel experiments, that Chroma- 
tium was able to grow with acetate as the sole soure 
of carbon without added carbon dioxide.. Chromatium 
has been grown with acetate previously’ but always 
in the presence of added carbon dioxide. Since 










dioxide (Table 1) and supported growth without the | 
addition of carbon dioxide, it might mee served ais 






Table 1. EFFROT OF LIGHT AND oF INORGANIC Kp ORGANIC. 
TANTS’ ON CARBON-14 DIOXIDE ASSIMILATION BY Chromatin 


Treatment 
No ‘reductant’ added*, dark 
No ‘reductant’ added, light 
Acetate, light 
Malate, Hight 
Sueeinate, light 
Hydrogen, light 
Thigsuliphate, light 
Sulphide, light 


Ge Sg om gee 


| 
| 
| 
| 
| 
= 


annann tee te eetan Annana i Š 
mearan aa reat Ieee seni ator 








* In the dark, no increase in carbon dioxide. fixation was-observed 
on adding any one of the ‘reductants’ listed in treatments £? 

Each vessel contained a modified eulture’selution (ref. 28). and cells 
equivalent to 0-2 mgm. Pacera ophi; also the, following in 
moles: Tris, p 8, 60; carbon-14 bicarbonate, 10; ‘reductant', 
10 (except in (reai mehi 6). Final volume 2-5 mi. Gas phase was 
argon, except in treatment 6, which received hydrogen gas. The 
reaction was carried out at 25° C. and stopped after = min, by adding 
Gi mL 5 N hydroehloric acid, “ae 


“Si 
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EFFECT OF LIGHT AND CYANIDE INHIBITION ON CARBON 
ASSIMILATION BY Chromatium CELLS 


Table 2. 








Total carbon-14 fixed 





Treatment | (counts x 1,000/min.) 
a. Carbon-14 acetate, dark 8 | 
2. Carbon-14 acetate; light | 480 | 
3. Carbon-14 acetate, light _ l | 520 | 
i4, Carbon-14 acetate, 107* M cyanide, light | 520 | 
6. Carbon-14 dioxide, hydrogen, light _ 3,200 
(6. Carbon-14 dioxide, hydrogen, 10 M p l 
a cyanide, light i 1,500 
E NER an Reet eee eae meen kee ree EEES J 


Prior to the experiments the cells in treatments 1-4 were grown 
with acetate as the ‘reductant’ and the cells in treatments 5 and 6 
with hydrogen gas (ref. 26). (Treatments 1 and 2 were run for 
20 pain. and included, in each reaction vessel, cells equivalent to 
0-13 mgm. bacteriochlorophyll; final volume 1-9 mil, Treat- 
ments 3-6 were run for 30 min. and included cells, equivalent to 
0-2 mgm. bacteriochlorophyll, and 3 smoles carboxyl-labelied 
acetate; final volume 2-5 ml. Gas phase was argon, except in 

treatments 5 and 6. Other conditions as in Table 1. 


a direct source of carbon, but one that in Chromatium 
cells could be assimilated only in light. 
We tested. this interpretation by supplying radio- 


active acetate in the light and in the dark to ‘grow- 
“ing” Chromatium cells in short-term experiments. The 
results are shown in Table 2. No significant assimila- 


tion of Jabelled acetate occurred in the dark. In the 
light a marked incorporation of acetate took place 
and was not affected by the addition of carbon 
dioxide. 

Table 2 also presents evidence that the photo- 
assimilation of acetate occurred by a pathway 
independent of that of carbon dioxide assimilation. 
We have previously reported that, in chloroplasts. 
the reductive carbohydrate cycle for carbon dioxide 
assimilation is inhibited by cyanide’. Table 2 
shows that, in Chromatium cells, cyanide inhibited the 
assimilation of carbon dioxide, but not that of acetate. 
It seems, therefore, that carboxydismutase, which is 
the enzyme of the reductive carbohydrate cycle that 





Fig. 1. Radioautograph of a chromatogram showing soluble 

products of ecarbon-14 dioxide assimilation in the light by Chrom- 

atium cells. Experimental conditions as in treatment 5 of Table 2, 
except that thiosulphate was used instead of hydrogen 
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Fig. 2. 
products of carbon-14 acetate assimilation in the light by @hro%&- 


Radioautograph of a chromatogram showing soluble 


atium cells. Experimental conditions as in treatment 3 of Table 2 
is specifically inhibited by cyanide in Chromatium 
and in chloroplasts’, is not involved in the photo- 
assimilation of acetate by Chromatium. Acetate 
was apparently used by Chromatium cells not as 
a reductant in carbon dioxide assimilation but as 
a carbon compound that was readily photo-assimilated 
into cellular substance without external carbon 
dioxide and without being first oxidized to carbon 
dioxide. 

The conclusion that carbon dioxide and acetate 
represent two independent pathways for carbon 
assimilation in Chromatium cells was strengthened 
by a comparison of the products formed. The 
identification was made by the techniques of paper 
chromatography and radioautography?!. When 
labelled carbon dioxide was the sole source of carbon, 
and the reductant was either molecular hydrogen, 
thiosulphate, sulphide, malate or succinate, the main 
soluble products formed (approximately 50 per cent 
of the total carbon fixed) were in all cases amino- 
acids, principally aspartic acid. 

A typical chromatogram is shown in Fig. 1. In 
general, phosphorylated sugars were much less 
prominent in Chromateum than in isolated chloro- 
plasts'!-!* and in certain experiments no sugars were 
detectable by the identification techniques which we 
used. The prominence of aspartic acid among the 
products of carbon dioxide fixation is m agreement 
with the report of Fuller that “in Chromatin 
the primary pool of fixed carbon is aspartic acid”. 

With radioactive acetate the products of photo- 
assimilation in the soluble fraction (about 10 per 
cent of the total carbon fixed) were again mainly 
amino-acids, but here glutamate was the principal 
produet formed (Fig. 2). 

To recapitulate, then, carbon dioxide and acetate 
assimilation seemed to proceed im Chramatium 
by two separate pathways that had a common 
lnk in being strictly dependent on light. It now 
remains to be shown that, in both pathways, light is 
replaceable by exogenous adenosine triphosphate. 
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Carbon Dioxide Assimilation by Cell-free 
Preparations 


The equivalence of light and adenosine triphosphate 
might have been directly demonstrated in whole 
cells if it were possible to accumulate or introduce 
substrate quantities of adenosine triphosphate for 
driving carbon dioxide fixation in the dark. However, 
a preliminary accumulation of adenosine triphosphate 
in the light is not possible because whole cells have 
only catalytic amounts of adenosine diphosphate. 
The introduction of exogenous adenosine triphosphate 

: 438 also excluded by the impermeability of whole cells 
to adenylates. Experimentally, therefore, the pro- 
-blem is how to overcome the permeability barrier of 
ithe cells to adenylates without damaging excessively 
he photosynthetic apparatus. 
¿In the case of green plants the permeability barrier 
of whole cells was set aside by using broken chloro- 
 plasts'®, In the case of Chromatium the cells were 
ground with alumina and the cell-free fluids were 
separated by differential centrifugation into chromato- 
--phores that contained the photochemical apparatus 
“proper, capable of photosynthetic phosphorylation 
outside the cell", and into a supernatant fluid 
which contains the carbon dioxide fixing enzymes??. 
-The role of light and adenosine triphosphate in carbon 
assimilation by the cell-free preparations was investi- 
gated in parallel experiments using either carbon 
-dioxide or acetate as the source of carbon. 
Carbon dioxide assimilation in cell-free prepara- 
tions of Chromatium seemed to proceed, as was the 
case in broken chloroplasts'?, by the reductive carbo- 
hydrate cycle. However, in the case of Chromatium, 
phosphoglycerate was the product that was being 
removed from the cycle and converted into phospho- 
enolpyruvate, which is the substrate of a second 
‘carboxylation reaction resulting in the formation of 
_axalacetate and aspartate. The enzyme that catalyses 
this carboxylation, phosphoenolpyruvate carboxylase, 
~is also present in chloroplasts**, but there, on present 
evidence, it does not seem to play as direct apart in 
photosynthetic carbon dioxide assimilation. 
-o In the presence of exogenous ribulose diphosphate 
¿or phosphoenolpyruvate, cell-free preparations of 
Chromatium, like whole cells, assimilated carbon 
dioxide mainly into aspartic acid without any further 
equirement for energy either as light or as adenosine 
tiphosphate. The dependence for either light or 
exogenous adenosine triphosphate became apparent, 
however, when ribulose diphosphate or phospho- 
-enolpyruvate were replaced in the reaction mixture 
_ by ribose-5-phosphate or pyruvate. 
< Typical results, shown in Table 3, indicate that in 
the presence of ribose-5-phosphate, a marked increase 

























able 3. EFFECT oF LIGHT AND ADENOSINE TRIPHOSPHATE ON 
ARBON-14 DIOXIDE FIXATION BY CELL-FREE PREPARATIONS OF 
iy Chromatium IN THE PRESENCE of RIBOSE-5-PHOSPHATE 


| 

| i 

Treatment soluble compounds 

l | feounts x 1,000/min.) 

| scariest reins eimai pa wisi AO AIE E EO bce reopen, $ ameen nnii remiss tanta ere n ae 
: 1. Dark, control i 54 | 
2. Dark, ATP, R-5-P omitted 43 ! 
; 3. Dark, ATP 138 | 
4. Light, control 54 | 
5. Light, ADP + P | 108 | 


Each vessel contained in a final volume of 1°5 ml. : cell-free 
extract, containing 0:3 mgm, bacteriochlorophyli and the following in 
ptmoles: Tris, pH 7:8, 80; evsteine 20: magnesium chloride, 5; 
manganese chloride, 2; potassium chloride, 20; carbon-14 bicarbonate, 
10;  ribose-5-phosphate (R-5-P), 5; and, when added, adenosine, 
“diphosphate (ADP), 0°53; orthophosphate (P), 5; and adenosine 
triphosphate (ATP), 4. Other experimental conditions as in Table 1. 
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Fig. 3. Radioautograph of a chromatogram showing the soluble. 

products of carbon-14 dioxide fixation in the dark by a cell-free 

preparation of Chromatium in the presence of ribose-5-phosphate 

and added adenosine triphosphate. Experimental conditions as 

in treatment 3 of Table 3. The same pattern of carbon dioxide 

fixation was obtained in the light without added adenosine 
triphosphate 


in carbon dioxide fixation was observed in the light 
when adenosine diphosphate and inorganic phosphate 
were added to the reaction mixture. The addition of 
adenosine diphosphate made photosynthetic phos- 
phorylation by chromatophores possible and thus 
supplied adenosine triphosphate to the reaction 
mixture. In the dark, a similar increase in-carbon 
dioxide fixation oceurred on adding exogenous 
adenosine triphosphate. The main product of 
carbon dioxide assimilation, aspartate, was the same 
in the light as in the dark with exogenous adenosine 
triphosphate (Fig. 3). 

The equivalence of light and adenosine triphosphate. 
was also observed when pyruvate was used as “a 
carbon dioxide acceptor. The bacterial preparation 
were found to have a very active enzyme catalysi 
an exchange reaction (cf. ref. 24) between the carboxy! 
group of pyruvate and carbon-14 dioxide. The 
exchange reaction itself was independent of light or 
adenosine triphosphate, but carbon-14 dioxide fixation 
into aspartate and other dicarboxylic acids oceurred 
only when light or adenosine triphosphate was 
present. For example, in the presence of pyruvate, 
carbon-14 dioxide, and exogenous adenosine triphos- 
phate the main radioactive compounds formed 
(Fig. 4) were aspartate and pyruvate (by the exchange 
reaction). Other identifiable compounds were alanine, 
malate and fumarate. The formation of malate was 
in agreement with the presence in Chromatium 
extracts of the malic enzyme reported by Sisler 
and Fuller? and confirmed by us in other experi- 
ments?®, 4 

A ‘photosynthetic’ pattern characteristic of Chroma- 
tium was also obtained without either light or exo- 
genous adenosine triphosphate, in the presence of 
bon-14 dioxide acceptor. The prominence of aspartate 
as the product of carbon-14 dioxide assimilation via 
the phosphoenolpyruvate carboxylation is illustrated 
by Table 4. s : 










































i xp Giant eon g pelle free pe done, 
either in en or in dark with exogenous adenosine 
= triphosphate, is summarized below. The diagram 
“shows the regeneration of ribose-5-phosphate from 
phosphoglycerate. We found in Chromatium extracts 
_an active diphosphopyridine nucleotide-linked triose 
“phosphate dehydrogenase, the snzyme which accounts 
-for the reduction of phosphoglycerate that is involved 
im this step. 


o ATP 
N 


ATP cO, 


N N 
Ribose-5-P ——» Ribulose-di-P —--» P-glycerate 


Assimilation of Acetate by Ceil-free 
Preparations 


The assimilation of acetate by cell-free preparations 
confirmed and extended the conclusions drawn from 
the acetate experiments with whole Chromatium cells. 
As shown in Table 5, in the presence of coenzyme A, 

acetate assimilation was greatly increased by light 
and by the addition of acetate ‘acceptors’, namely, 
oxalacetate or pyruvate. 

Table 6 shows that the role of light was specifically 
concerned with the formation of adenosine triphos- 
phate., Acetate assimilation occurred also in the 
dark, but only when exogenous adenosine triphosphate 







was added. No significant assimilation occurred 
Table 4, PROPORTION oF ASPARTATR IN SOLUBLE Propvucts OF 
CARBON-14 DIOXIDE ASSIMILATION BY CHLL-FREE PREPARATIONS OF 
Chromatium 
7 ae Per cent of HCO, fixed 
i Treatment ga aspartate 
» Dark, pyruvate 15-7 4 
. Dark, pyruvate, ATP 50-1 
. Light, pyruvate, ADP + P 69:5 | 
>o 4. Dark, phosphoglycerate 40-0 | 
2 Dark, phosphoenolpyruvate S1-0 | 
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-The reaction riie common to all treatments wss that given for 
treatment 4 in Table 3, except that ribose-5-phosphate was omitted 
und the: following additions were made (in moles) where indicated: 





ivato, 5+ phosphoglycerate, 5; phosphoenclpyruvate, 4; 
sine: triphosphate ae sek eS adenosine diphosphate (ADP), 0 ‘5: 
t orthophosphate Œ), 8 f 





` fable 5, _AEverct OF LIGHT, OXALACRTATH AND PYRUVATH ON THE 
. ASSIMILATION OF CARBON-L4-ACETATE BY ČELL-FRES PREPARATIONS 
i OF Chramatium 


ers Semnarea crate meea ree cert irate doin RAIA AAE AE A Arrest IRA RR EAI A lhe CME e a n ese MLA A 


Carbon-14 fixed in 





Treatment sohible compounds 
sae {counts x 1,000/min.} 

Dark, mer 5 
Light, control 42 

- Dark, oxalacetate 42 
Light, oxalacetate 300 

Light, control l 27 | 
Light, pyruvate 75 









5 The reaction mixture common to all treatments was that given for 

treatment Tin Table 3, except that ribose-5-phosphate and carben-14 
bicarbonate were omitted and 06-3 umole of coenzyme 4 and 3 zmoles 
earboxyl-labelled. carbon-14 acetate was added, 10 «moles each of 
lacetate or er was added where indicated. 





Pyruvate peer eegynere tee gong tote ree yee ge eet tee en 


: to glutamate. 
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| when sdonesene: Cohort was either omitted or 


when it was made unavailable for acetate assimilation 
by being trapped, in the light or in the dark, by a. 
hexokinase—ghicose esera These results, as well as 
the response from added coenzyme A, suggest that 
the role of light in acetate assimilation by Chromateum — 
is to provide adenosine triphosphate that is required , 
for the formation of acetyl-coenzyme A. 

In cell-free preparations, as in whole cells, acetate 
was assimilated to glutamate. The investigation of 
glutamate synthesis from acetate revealed the pre- 


CO, NH, 
N \ 


P-enolpyruvate —~>» oxalacetate —.—» aspartate 


Pai 


K, 
(DPN + Hy) 


sence in Chromatvum of certain new synthetic path- 
ways that have not been found in chloroplasts. 
Chromatium preparations, like chloroplasts (unpub- - 
lished data), are able to activate acetate by converjing 
it to acetyl-coenzyme A, and condensing acetyl- 
coenzyme A with oxalacetate to give citrate. Citrate 
is then converted via isocitrate and a-ketoglutarate. 
Unlike chloroplasts, 
preparations also condense acetyl-coenzyme A with 
glyoxylate’. and, as we have now found with 
a-keto acids, pyruvate (reaction 1) and its analogue, 
a-ketobutyrate (reaction 2): 


pyruvate -+ acetyl coenzyme A-—» citramalate 
(methyl malate) (1) 


a-ketobutyrate + acetyl coenzyme A-—ethylmalate* (2) 
* The compound has been isolated but not yet unequivocally identified. 


Of the newly found condensations, the one of Speci 
interest was that of citramalate since Barker et al, 
have shown that in Clostridium tetanomorphum, — 
another obligate anaerobe, the citramalate pathway: 
provides a mechanism for the degradation of gluta- 
mate to pyruvate and acetate: 





COOH COOH COOH 
| 
GEN H, CH-NH, bu 
p | | 
lu, CECH, NH, C-CH,, +H, 
Cn, boon "coon 
COOH T 
glutamic methyl aspartic mesaconic a 
COOH OH 
l COOH | 
H, ] O==() 
| | + | 
HO-C-CH, CH, CH, 
OOH 
citramalic acetic pyruvic 


It now appears that in Chromatium the reversal 
of the PERAS citramalate pathway ici lead to 





Chromatium 
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Table 6. EQUIVALENCE OF ADENOSINE TRIPHOSPHATE (ATP) AND 
LIGHT IN THE ASSIMILATION OF CARBON-14-ACETATE BY CELL-FREE 
PREPARATIONS OF Chromatium 


No. 4727 





Carbon-14 fixed in 
soluble compounds 





| Treatment (counts x 1,000/min.) 
1. Dark, control | 27 
2. Dark, ATP 180 
3. Dark, ATP, hexokinase 186 
4. Dark, ATP, hexokinase, glucose 6 
5. Light, control 414 
6. Light, hexokinase 348 
7. Light, hexokinase, glucose 20 





Experimental conditions as in the oxalacetate treatments in Table 5. 
1°5 mgm. hexokinase, Type LIT (Sigma Chemical Co.) and 10 moles 
glucose were added where Indicated 


glutamate synthesis. Among the products of pyru- 
vate condensation with acetyl-coenzyme A, we have 
identified citramalate and glutamate and another 
compound, which at first seemed to be mesaconate, 
but turned out to be the closely related itaconic acid 
(it may be noted that the Rp value for citramalate 
resembles that of compound X which Glover et al.?® 
reported as the main product of acetate assimilation 
R. rubrum) : 


COOH 
bu, 
C=CH, 
OOH 
itaconic acid 


When oxalacetate was the acetate acceptor, the 
main products, that is, citrate and glutamate, were 


$ 





| BUTANOL/ACETIC ACID/WATER —> 





Y ` 


wegen of a chromatogram showing soluble products of carbon-14 dioxide 
Hora in ithe dark by a cell-free preparation of Chromatium in the presence of pyruvate 
and added adenosine triphosphate. Experimental conditions as in treatment 2 of Table 4. 
The same pattern of carbon dioxide fixation was oe in the light without added 


adenosine triphospha 
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the same in light as in the dark with added adenos- 
ine triphosphate (Fig. 5). With pyruvate as the 
acetate acceptor the main products of acetate assimila- 
tion, either in light or with added adenosine triphos- 
phate in the dark, were citramalate and glutamate 
(Fig. 6). 

The reactions of carbon assimilation in Chromatium, 
for which there is now experimental evidence, are 
summarized in Fig. 7. Most of the component 
reactions have already been discussed. In this scheme 
the only contribution of light (except perhaps in the 
photo-production of hydrogen*®) for both carbon 
dioxide and acetate assimilation is in the formation 
of adenosine triphosphate. Carbon dioxide assimila- 
tion is shown in Fig. 7 to be dependent on exogenous 
hydrogen, whereas the assimilation of acetate by the 
citrate or citramalate pathway indicated yields hydro- 
gen for metabolice purposes in accordance with the 
overall equation 3 or 4 


5 ATP 
3 acetate + NH, —————> glutamate + CO, + 6H 
(citrate pathway) (3 





4 ATP 
3 acetate -+- NH, glutamate + CO, + 6H 
(citramalate pathway) (4) 


Further evidence for the reactions shown in Fig. 7 
will be given elsewhere?*®. 


Concluding Remarks 


The similarity between the carbon assimilation 
patterns of cell-free systems supplemented with 
adenosine triphosphate in the dark, and those found 
in whole cells of Chromatium in the light, provides, in 
our judgment, significant evidence 
that in this obligate phototroph 
exogenous adenosine triphosphate 
is equivalent to light. The role 
of adenosine triphosphate, whether 
formed by photosynthetic phos- 
phorylation or supplied from with- 
out, was twofold. Adenosine tri- 
phosphate was either required for 
the formation of an ‘activated’ sub- 
strate (ribulose diphosphate, phos- 
phoenolpyruvate or 1,3-diphospho- 
glycerate) for a subsequent carb- 
oxylation or reduction, or it was 
required for the formation of an 
‘activated’ carbon source, as by 
forming acetyl-coenzyme “A from 
acetate and coenzyme A. The 
activated compounds are then ready 
for participation in the synthetic 
reactions that are catalysed by 
specific enzyme systems, all of which 
function in the dark. 

In this view of photosynthesis, 
carbon dioxide assimilation, al- 
though quantitatively the dominant 
form of photosynthesis on the Earth, 
is fundamentally only a special case 
|. of the use of light energy. It was 
previously suggested® that even in 
green plants, light energy, when con- 
verted to adenosine triphosphate, 
may be used for driving endergonic 
reactions other than carbon dioxide 
reduction. Experimental evidence 
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Fig. 5. Radioautograph of a chromatogram showing products of carbon-l4-acetate assimilation in 
the dark by a cell-free gpeosaraton of Chromatium in the presence of adenosine triphosphate, coenzyme 

Experimental conditions as in treatment 2 of Table 6. The same pattern of formed by light © sup- 
acetate assimilation was obtained in the light without added adenosine triphosphate 


A and oxalacetate, 
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of exclusively dark re- 

SUCCINATE actions that are not pecu- 
CITRAMALATE liar to photosynthesis. It 
was already anticipated 
by Benson and Calvin, 


rete one that “it is not to be 
CITRATE expected that this type 


of work (investigation of 
the carbon cycle) will lead 
directly to a solution of 
the unique problems of 
= GLUTAMATE photosynthesis, namely, 

the knowledge of the act 
or acts by which electro- 
magnetic energy is trans- 
formed into chemical 
onergy’ **. The discovery 
of photosynthetic phos- 
phorylation has since pro- 
vided evidence that this 
transformation of energy is 
more closely linked with 
phosphorus than with car- 
bon assimilation. 





PHENOL / WATER ——> The photo-assimilation 


of acetate by Chroma- 
tium with the aid of 
adenosine triphosphate 


ports the suggestion made 
earlier®, that, if in the 


for this has recently come from the work of Mac- early period of evolution of life forms, organic com- 


lachlan and Porter*. 


pounds were abundant and the Earth's atmosphere 


In the case of photosynthetic bacteria, carbon was a reducing one”, then the light-dependent 


dioxide assimilation may, 
not even be the principal 
pathway for using the con- 
verted light energy for the 
synthesis of organic com- 
pounds (cf. ref. 14). As 
was shown here, Chroma- 
tium is able to assimilate 
acetate directly without an 
external source of carbon 
dioxide, either with the 
aid of light or with exogen- 
ous adenosine triphos- 
phate. In this instance, 
therefore, the photo-assim- 
ilation of acetate is a case 
of photosynthesis without 
either carbon dioxide 
assimilation or oxygen 
evolution. In the conven- 
tional view of photosyn- 
thesis this state of affairs 
would be inadmissible, but 
according to the present 
concept the photo-assimila- 
tion of acetate by Chroma- 
tium constitutes photosyn- 
thesis because it involves 
biochemical syntheses that 
are being driven by light 
energy after it has been 
converted into adenosine 
triphosphate. 

Carbon dioxide assimila- 
tion, in any event, in both 
green plants and photosyn- 
thetic bacteria, consists 


in certain circumstances, mechanism for adenosine triphosphate formation was 


-_ 


CITRAMALATE 


———_—_»> 
. 


GLUTAMATE 


BUTANOL /ACETIC ACID/ WATER 


PHENOL / WATER — > 


Fig. 6. Radioautograph of a chromatogram showing products of carbon-14 acetate assimilation in the 
dark by n cell-free preparation of Chromatium in the presence of adenosine triphosphate, coenzyme 
A and pyruvate. Experimental conditions as in treatment 2 of Table 6, except that pyruvate 
(5 pmoles) replaced oxalacetate, the gas phase was air, and chromatophores were removed from the 
cell-free preparation by centrifugation. The same pattern of carbon-14 acetate assimilation was 
obtained in the light, in the presence of chromatophores, without added adenosine triphosphate 
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ACETATE ASSIMILATION AND CARBOHYDRATE CYCLE IN CHROMATIUM 
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Fig. 7. Reactions of carbon assimilation m OAromatium. Further details are given In the text 


the most important event for the newly emerging 
photosynthetic organisms. In this view, an obligate 
anaerobic phototroph such as Chromatiwum would 
represent the most primitive type of photosynthesis, 
one in which no oxygen is evolved, organic com- 
pounds serve ag carbon sources and the main contribu- 
tion of light is the formation of adenosine triphos- 
phate. This primitive type of photosynthesis, it seems 
reasonable to suppose, was paralleled by transi- 
tional types in which the contribution of light 
was still the formation of adenosine triphosphate, 
but carbon dioxide wag an important source of carbon, 
and the carbon dioxide reductant, reduced pyridine 
nucleotide, could be formed by dark reactions as, 
for example, with hydrogen gas. Finally, in the 
most advanced type of photosynthesis, carbon 
dioxide became the sole carbon source and the 
function of light was to provide both adenosine 
triphosphate and reduced pyridive nucleotide. Only 
in the last cage, typified by green plants, when 
photosynthesis became strictly dependent on water 
for pyridine nucleotide reduction by light did oxygen 
evolution form an inseparable part of photosynthesis, 
as is envisaged by the electron-flow mechanism 
proposed elsewhere’. 

It would thus appear that oxygen evolution, which 
gave Priestley** almost two hundred years ago the 
first clue to the existence on this planet of what we 
now call photosynthesis, is, in the evolutionary time 
scale, the most recent aspect of the process (cf. van 
Niel, ref. 17). Photosynthetic bacteria, which have 
greatly contributed to our understanding of photo- 
synthesis by showing that this process can occur with- 


out oxygen evolution", now also provide us with 
evidence that photosynthesis can occur without car- 
bon dioxide assimilation. What remains fundamental 
to all photosyntheses is the conversion of light into 
chemical energy. This conversion appears to be 
intimately bound to photosynthetic phosphorylation 
and its product adenogine triphosphate, which is the 
universal ‘energy currency’ of all cells, whether they 
live in the light or in the dark. 

This investigation was aided by grants from the 
National Institutes of Health and the Office of Naval 
Research. f 
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OBITUARIES 


Prof. W. E. Garner, C.B.E., F.R.S. 


THe news of the death of Prof. W. E. Garner at his 
home in Bristol on March 4 was received with much 
sadness by his former colleagues at the University 
of Bristol, and particularly by those who had the 
privilege of working with him and under his leader- 
ship. 

Garner was a man of great charm and kindness who 
won the affection and admiration of all who came into 
contact with him. His unselfishness and sincerity 
made him the most likeable of men. He was quiet, 
unobtrusive, entirely devoid of personal ambition 
and devoted to his work, whether it be in his labora- 
tory, the councils of the University, or in the com- 
mittee room. But these unassuming qualities did not 
obscure the greatness of the man. He was an enthusi- 
astio and inspiring leader of research : keenly critical 
in scientific matters, yet very kindly and tolerant 
in his attitude to the ideas of others. Always most 
conscientious in the discharge of his duties, he maim- 
tained the tradition of lecturing to first-year students 
and he liked to know the students personally. The 
wide circle of friends, students and of many others 
who sought his advice and received it, valued a friend- 
ship which will endure as a cherished memory of a 
lovable character. 

Garner was a student of the University of Birming- 
ham, where he carried out research with Prof. P. F. 
Frankland. He was awarded an 1851 Exhibition in 
1913 and proceeded to the University of Göttingen 
to work with Prof. Gustav Tammann. His work 
there was mterrupted by the outbreak of the First 
World War, and on his return to England he worked 
at Woolwich Arsenal with Sir Robert Robertson on 
the calorimetry of high explosives. 

On leaving Woolwich, Garner was appointed 
assistant lecturer in the University of Birmingham 
(January 1919) and assistant lecturer at University 
College, London (October 1919). From that time 
began a close and happy association with Prof. F. Q. 
Donnan and a fruitful period of research. 

In 1927, Garner was appointed to the Leverhulme 
chair of physical and morganic chemi in the 
University of Bristol, a post which he held until his 
retirement in 1956. 

Durmg the Second World War he established an 
extra-mural research team in the University of 
Bristol under the Ministry of Supply to assist Govern- 
ment ordnance factories in research on explosives 
and munitions. The group continued until the end 
of the War, although Garner himself moved to Fort 


Halstead in Kent to become in turn supermtendent 
of Chemical and Explosives Research, deputy chief, 
and later chief, superintendent of Armament Research 
in the Ministry of Supply. His wide knowledge, 
enthusiasm and wise guidance were of paramount 
importance to the war effort, and he was associated 
with many important developments in armaments 
and munitions. His services were recognized in 
1946 when he was made C.B.E. 

On the cessation of hostilities, Garner once ggain 
returned to Bristol and continued his fundamental 
researches with increasing vigour. He had a wide 
interest in, and keep knowledge of, many branches of 
physical chemistry, and his mental qualities were 
only fully employed when he was simultaneously 
developing many research lines. Broadly, his main 
contributions to physical chemistry fall into the 
following groups: (a) The study of explosive reactions 
im. gases and the ionization and radiation from flames ; 
notable among these researches was the discovery 
of the effect of small amounts of hydrogen on the 
radiation from carbon monoxide flames. (b) Hetero- 
geneous catalysis and particularly the measurements 
of heats of adsorption. He and his colleagues in 
Bristol made outstandmg contributions to the 
mechanism of adsorption on metals and metallic 
oxides, and he was a leader in applymg the newer 
ideas of the physics of the solid state to the inter- 
pretation of heterogeneous reactions. (c) The kinetics 
of solid reactions. Garner’s pioneering studies on the 
mechanism of the interface reactions and nucleation 
processes in solid reactions, and the development of 
suitable experimental techniques, constitute a chapter 
to the progress of a subject in which he was the 
acknowledged leader in Britain. 

After his retirement in 1955 his continued interest 
in these topics and his freedom from other responsi- 
bilities enabled him to organize a symposium on 
chemisorption at Keele, Staffordshire, which was 
published by the Chemical Society, and to edit a large 
volume on the ‘‘Chemistry of the Solid State”. Most of 
the contributors to the latter volume were his former 
students or close scientific colleagues, and the book is 
very much a tribute to his work and inspiration. 

Garner was a well-known figure at scientific gather- 
ings, and scientific societies and Government com- 
mittee made great calls upon his time. He was 
president of the Faraday Society (1945-47); a 
member of the Soientific Advisory Council of the 
Ministry of Supply for most of the period 1942-60, 
and also a scientific advisor for civil defence in the 
south-west region of Britain. 


No. 4727 June A, 1960 
He recerved many honours: he was elected to the 
. fellowship of the Royal Society ın 1937; and was a 
. Fellow of University College. He was well known 
abroad ; he was an honorary member of the Polish 
Chemical Society, a corresponding member of the 
Patronato “Alfonso el Sabio”, Madrid (1959), and 
a member of the Joint Services Mission to the 
United States and Canada in 1948. 
C. E. H. BAWN 


Prof. A. J. H. Goodwin 


ASTLEY Jonn Himany Goopwin was born in 
Pietermaritzburg on December 27, 1900, and died on 
December 5, 1959, after a long illness. The son of 
Canon W. A. Goodwin, he was educated at St. John’s 
College, Johannesburg, and at the University of 
Cambridge, where he graduated m archmology. At 
the age of twenty-three he joined the staff of the 
University of Cape Town, serving there until his 
death. He was appointed associate professor in 1954 
in recognition of his academic achievements and 
original work. 

From the sixties of the nmeteenth century, col- 
lectors had amagsed considerable quantities of stone 
implements from large numbers of sites m southern 
Africa. Goodwin, on his return from Cambridge, 
first applied his mind to the problem of the systematic 
clasgjfication and chronological arrangement of this 
material and soon realized the need for a terminology 
that would be more applicable to the southern 
African facts than the European one hitherto 
accepted. He envisaged a subdivision of the Stone 
Age into three—Earher, Middje and Later—each of 
which embraced a number of cultures and their 
variations. Collaboration with van Riet Lowe and 
Neville Jones led to the foundations of South African 
prehistoric classification being laid and to the elab- 
oration of conjoint ideas in “Theo Stone Age Cultures 
of South Africa”. This contained basic systematic 
descriptions and has been used as the foundation for 
prehistoric studies in both South and East Africa. 

Goodwin stressed the need for a strictly scientific 
approach to field exploration and to the drawing of 
conclusions. His method of approach is to be found 
in his handbook entitled ‘Method in Prehistory”. 
His own, field-work was intensive and marked by 
meticulous accuracy of observation, whether it was 
concerned with the excavation of caves and shelters 
or with the examination of sequences of styles in 
rock engravings. Mainly undertaken within the 
confines of the Cape Province, his original field 
observations were supplemented by visits to many 
critical stes in other parte of Africa; and he ox- 
cavated and studied important more recent archol- 
ogical sites in Nigeria on the invitation of the 
Government of that country. 

Goodwin’s methodical and lively mind embraced 
many cultural interests and made him & good organ- 
izer. He took a leading part in founding the South 
African Archsological Society, was its secretary for 
a number of years, edited its Bulletin, and at the 
time of his death was its president. With A. L. 
du Toit he was enthusiastic in founding the Athensum 
Trust, which provided a ‘home’ for the scientific and 
cultural societies, the headquarters of which are in 
Cape Town. For some years he served as the honorary 
general secretary of the Royal Society of South 
Africa and on its council and, again in the year of 
his death, was elected to its presidency. Whatever 
task of this nature he was called upon to perform, he 


NATURE 


761 


carried ıt out with quiet unobtrusive natural efficiency 
and forthrightness; what he had to say was said 
quietly, succinctly and directly. Discussion with 
him was a pleasure, but acrimonious discussion was 
impossible. To all those who had contact with him 
he WAS “F o ein 

Our late colleague is survived by his widow, a 
son and a daughter. 8. H. HAUGHTON 


Prof. C. J. Bakker 


Pror. C. J. BAKKER, whose death in an aeroplane 
accident in New York occurred on April 23, was on 
his way to attend a meeting of the American Physical 
Society in Washington. He had been invited to 
address the Society on recent researches at CERN °° 
and particularly on the successful. operation of the 
25-GeV. proton synchrotron. 

Cornelis Jan Bakker was born in 1904 and studied 
physics under Zeeman in Amsterdam. After taking ' 
his doctorate (cum laude) in 1931 for original research ~ 
on the Zeeman. effect in the spectra of the noble gases, 
he spent a year in London at the Imperial College of 
Science and Technology continuing his work in spectro- 
scopy. In the following year he joined the scientific 
staff of Philips, Eindhoven, where he worked on the 
physical problems of radio communications. His 
mterests soon turned to nuclear physics and during 
the War, in collaboration with Prof. Heyn, he designed. 
the Philips cyclotron. In 1946, he sueceeded Gorter 
as professor of physics and director of the Zeeman 
Laboratory of the University of Amsterdam. He 
also became director of the Institute of Nuclear 
Physics, the focal point of Dutch nuclear research 
sponsored by Fundamental Onderzoek der Materie, 
by the City of Amsterdam and by Philips. He was a 
member of the Royal Netherlands Academy of Sciences. - 

In 1951, Prof. Bakker was invited by Prof. Auger, 
director of the Unesco Department of Natural 
Science, to be one of the eight experts charged with | 
drawing up plans for the future European Organiza- 
tion for Nuclear Research (CERN). 

At the first session of the Council of CERN during 
May 5-8, 1952, Prof. Bakker was appointed a member 
of the directorate and director of the Synchro- 
Cyclotron Division. On July 1, 1955, he became 
deputy director-general of CERN, succeeding Prof. 
Felix Bloch as director-general on September 1, 1958. 

During the years 1955-60 CERN has grown from 
an idea put forward by a few European scientists to 
one of the best-equipped laboratories for high-energy 
nuclear physics research in the world. In 1957 the 
CERN 600-MeV. synchro-cyclotron was commis- 
sioned, and since that time it has been in full uge as 
a nuclear physics research tool. More recently, at 
the end of 1959, the 25-GeV. proton-synchrotron 
came into operation at CERN. 

In June 1957, Prof. Bakker received an honorary 
doctorate from the University of Geneva, and m 
April 1960 the Queen of the Netherlands awarded 
him the high honour of “Ridder in de orde van de 
Nederlandse Leeuw’’: His death took place before 
the official ceremony at which this award was to 
have been given. 

Prof. Bakker believed firmly in European collabora- 
tion in science, and CERN, which is a unique and 
successful example of such collaboration, was inspired 
by his devoted leadership. His sudden death is a 
tragic loss to his wife and children, to CERN and to 
international scientific collaboration. 

J. B. ADAMS 
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NEWS and VIEWS 


J. H. Plummer Professorship of Experimental 
Physics at Cambridge : 
Prof. A. B. Pippard, F.R.S. 


De. A. B. Preparp, who has been elected to the 
John Humphrey Plummer professorship of experi- 
mental physics in the University of Cambridge, went 
to the Royal Society Mond Laboratory immediately 
after the Second World War, and in a series of 
elegant experiments on the high-frequency behaviour 
of metals at very low temperatures laid the founda- 
tions of much of his subsequent work. Observations 
on metals in the superconducting state led him to 
postulate a ‘non-local’ relation between supercon- 
ducting current and magnetic field, which proved 
very suggestive in the later development of a funda- 
mental theory by Bardeen, Cooper and Schrieffer. 
The study of normal metals brought not only a 
deteiled und ing of the ‘anomalous skin effect’, 
first noticed by H. London, but also led Pippard to 
consider other aspects of the theory of metals, and 
he has recently heen. particularly concerned with the 
relation between the electronic structure of a metal 
and its physical properties. All his work has been 
distinguished by a remarkable combmation of 
experimental skill with an ability to see his way 
through complicated theory m terms of simple 
physical concepts. This has enabled him not only to 
devise ingenious experiments but also to contribute 
effectively in fields which are usually regarded as 
the preserve of the professional theoretician. He was 
elected a Fellow of the Royal Society in 1956 and 
was awarded the Hughes Medal of the Society in 
1969 ; his election to the Jobn Humphrey Plummer 
chair at Cambridge is a well-merited recognition of 
his outstanding position in metal physics. 


Physics at Southampton: Prof. G. W. Hutchinson 


Dege. Hotoaxmson, who has been appointed to a 
newly established second chair of physics in the 
University of Southampton, was educated at Abergele 
Grammar School and at St. John’s College, Cambridge. 
After graduating in physics, he spent five years in 
industry and then, in 1947, started research in the 
Cavendish Laboratory under Prof. O. R. Frisch. He 
first investigated the properties of liquid argon as a 
conduction counter for nuclear particles, and, as & 
result, became interested in the analysis of pulse- 
height distributions. After trials of a number of 
systems Hutchinson realized the possibilities of com- 
puter techniques in this field, and working with G. G. 
Scarrott, devised in 1950 the pulse-height analyser 
which now bears their names. This elegant and power- 
ful instrument represented a major advance in nuclear 
counting technique, and its widespread use was fitly 
recognized by the award of the Duddell Medal of the 
ee Society to Hutchinson and Scarrott jointly 
in 

Since 1952 Hutchinson has been Fellow and lecturer 
in the Department of Natural Philosophy, University 
of Glasgow, and lecturer and senior lecturer in the 
Department of Physics, University of Birmingham. 
His research interests have ranged widely, and include 
nuclear reactions at low energies, the proton—proton 
interaction at 1 GeV. and the origin of coamic rays. 
Recently, he has been responsible for the experi- 
mental programme of the Birmingham proton syn- 


chrotron, and haa developed techniques of fast 
counting and new forms of Cerenkov counter which 
have proved valuable for work with this machine. 
Hutchinson has always wished to extend his work 
through contact with the National Institute for 
Research in Nuclear Science, and his appomtment to 
a chair in the University of Southampton at this 
time should help him to further his interests in high- 
energy physics. 


The Advanced School of Automobile Engineering, 
Cranfield : Prof. J. R. Ellis 


THE governing body of the College of Aeronautics 
hag appointed Mr. John Romaine Ellis as professor 
of automobile engineering and first director of the 
Advanced School of Automobile Engineering being 
established at Cranfield in Bedfordshire, in associa- 
tion with the College of Aeronautics. Mr. Ellis gradu- 
ated in mechanical and aeronautical engineering in the 
University of London in 1947, and was awarded a 
master's degree in 1954. He became an associate 
member of the Institution of Mechanical Engineers in 
1952 and of the Automobile Division in 1958. During 
the period January 1944—December 1948, Mr. Ellis 
was employed successively at the Royal seg ed 
Establishment and the Fairey Aviation Co., Ltd. 
In 1949 he joined the lecturing staff of the Royal 
Military College of Science, Shrivenham, first in the 
Materials and Structures Branch, and is at present 
principal lecturer in the Machines Branch. His 
published papers have dealt with wind-up m multi- 
axle drive vehicles, the effect of speed of rotation and 
torque on the effective rolling radius of a pneumatic 
tyre, and with torque converters. He is at present 
investigating the steermg mechanics of the pneumatic 
tyre. 


Chemistry at Queen Mary College, London: 
Prof. M. J. S. Dewar, F.R.S. 


AYTER eight years as head of the Department of 
Chemistry at Queen Mary College, London, Prof. 
M. J. S. Dewar was appointed to the chair of organic 
chemistry in the University of Chicago, in October 
1959. His stimulating personality and exceptionally 
wide scientific interests, ranging from physical theory 
to organic synthesis, produced striking developments 
in both teaching and research at Queen Mary College. 
Outstanding among his achievements, which led 
to his election to the fellowship of the Royal Society 
earlier this year, are his contributions to the molecular 
orbital theory of conjugated molecules, the synthesis 
of tropylium salts and new hetero-aromatic boron 
compounds, and the development and use of radio- 
spectroscopic techniques for nuclear quadrupole, 
electron spin, and nuclear magnetic resonance. His 
departure is a great loss to chemistry in Great 
Britain, but every good wish goes with him for success 
and happiness in the United States. 


Prof. B. C. L. Weedon 


Dr. B. C. L. WrxDoN has been appointed to the 
chair of organic chemistry at Queen Mary College, 
where he will take up his duties in October 1960. 
Dr. Weedon graduated with first-class honours at 
the Imperial College of Science and Technology, 
London, in 1942 and, after a year’s research, joined 
the Dyestuffs Division of Imperial Chemical Indus- 
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tries, Ltd. In 1947, he returned, as a lecturer in 
organic chemistry, to the Imperial College where he 
collaborated with the late Sir Ian Heilbron and 
afterwards with Sir Patrick Linstead. He was 
awarded the Meldola Medal of the Society of Macca- 
beans and the Royal Institute of Chemistry for 
1952, and became reader in organic chemistry in 
1955. Dr. Weedon is well known for his distinguished 
work in the fields of natural and synthetic polyenes, 
carotenoids and vitamin A, terpenes, acetylenes, 
fatty acids, pigments and other constituents of algae, 
fungi and ia, and the reactions of organic 
compounds in molten alkali and at electrodes. He 
is co-author, with Sir Patrick Linstead, of “A Guide 
to Qualitative Organic Chemical Analysis”, and this 
year became scientific editor of Pure and Applied 
Chemisiry, a journal to be published by the Inter- 
national Union of Pure and Applied Chemistry. 
Dr. Weedon will be a source of great strength to the 
Chemistry Department at Queen Mary College in 
the period of expansion and development which 
undoubtedly lies ahead. 


Commonwealth Scientific and Industrial Research 
Organization (Australia) Division of Entomology 


Dre. Dovetas F. WATERHOUSE has been appointed 
chief of the Commonwealth Scientific and Industrial 
Regearch Organization (Australia) Division of Entom- 
ology*in succession to Dr. A. J. Nicholson, who has 
occupied the post for twenty-seven, years. The 
Division of Entomology was one of the first Divisions 
formed when the Council for Scientific and Industrial 
Research was set up in 1936. Dr. Nicholson has been 
appomted to a C.8.1.R.0. research fellowship and 
will continue in the Division of Entomology his 
notable research in the field of animal populations. 
He was a foundation Fellow of the Australian 
Academy of Science and & member of its first Council, 
and has held the offices of secretary (1954-55) and 
vice-president (1955-57). 

Dr. Waterhouse graduated with first-class honours 
and the University Medal from the University of 
Sydney in 1937. During the War he held the rank 
of captain in the Australian Army Medical Corps. 
He was awarded the degree of D.Sc. from his 
University in 1952, and in the following year he 
shared the David Syme Research Prize with Dr. 
F. J. P. Dwyer. He has made two trips overseas in 
connexion with his research work in insect physiology 
and toxicology, spending six months in Cambridge 
just after the War, and six months in New Haven, 
U.S A., during 1955-56. 


Movements of Scientific Men 


In a written answer in the House of Commons on 
May 19, the Minister of Education, Sir David Eccles, 
as representing the Mmister for Science, stated that 
the Department of Industrial and Scientific Research 
is at present undertaking, m co-operation with 
industry, a series of combined technical and economic 
studies of particular industries of national importance 
designed principally to discover where additional 
scientific research and development effort can most 
usefully be applied. A question was also asked 
referring to the emigration to the United States of 
another member of the scientific team working the 
Jodrell Bank radiotelescope. Sir David stated that 
as regards mvestigation into the reasons for emigra- 
tion of scientists, he had nothing to add to replies 
given on March 28 and April 14, when he had pointed 
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out that the general problem had been under con- 
sideration for some years by the Advisory Council on 
Scientific Policy, and had stated that, while there were 
no complete statistics of scientists who had emigrated 
to the United States or Canada, in 1958 7 scientists 
were recruited in America by the Civil Service 
Commissioners and the Atomic Energy Authority and - 
in 1959, 16 were so recruited. Many scientists go 
overseas purely for further education, and others 
obtained valuable experience with which they later 
returned to Britain. In Sir David’s opinion, a 
scientist should not be denied such opportunities, nor 
does it seem feasible for Britain to provide in every 
field of science, facilities identical with those in the 
United States. i i 


Industrial Research in the United States 


THe final regults of surveys, conducted for the 
National Science Foundation by the United States 
Department of Labour, Bureau of Labour Statistics, 
of funds and personnel for industrial research and | 
development m 1956 present a picture genorally 
very smmilar im character to that shown in Britain 
by the recent report from the Department of Scientific 
and Industrial Research (Science and Engineering in 
American Industry—-Report on @ 1956 Survey. 
Pp. ix+117. (NSF 59-50.) (Washington, D.C.: 
Government Printing Office, 1960.) 70 cents). There 
was an increase of 75 per cent m expenditure on 
industrial research and development in the period 
1953-56 from 3,500 million dollars to 6,200 million, 
and in January 1957, 223,000 scientists and engineers 
and 396,000 other personnel were engaged in research 
and development. Tho Federal Government’s con- 
tribution roge by 126 per cent to almost 3,000 million 
dollars and company-financed research and develop- 
ment increased by 45 per cent; in 1956 about 48 
per cent of industrial research and development was 
Government-financed, compared with 37 per cent in 
1953. In 1956 basic and applied research projects 
accounted for nearly one-fourth of the volume of 
research and development, basic research accounting 
for 244 million dollars and applied research for 
1,200 million dollars. Manufacturing and other 
industries employed 728,000 scientists and engineers 
in all activities in January 1957, an increase of 28 
per cent on January 1954, as well as 570,000 tech- 
nicians, of whom 157,000 were employed in research 
and development. It is estimated that independent 
commercial laboratories, engineering service firms 
and trade associations spent more than 100 million 
dollars on research and development in 1956, and 
employed a further 5,000 engineers and scientists 
and 7,000 other personnel on such activities. The 
chemical industry spent about 55 milion dollars 
on bagic research in 1956 and the electrical equipment 
industry 50 million dollars, aircraft manufacturing 
coming third with 41 million dollars. Projects in 
engineering sciences accounted for about 30 per cent 
of the total cost of basic research and research in 
chemistry for another 30 per cent, but the most 
rapid growth in bagic research was in the medical 
sciences, on which the chemical industry spent nearly 
25 per cent of its basic research effort. 


Haffkine Institute of Bombay 


Tau annual report of the Haffkine Institute for 
1958 (pp. ii+56. (Bombay: Government Books 
Depot; London: High Commissioner for India, 
1959.) Rs. 0.62; ls. 1d.) records the supply of large 
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amounts of typhoid vaccme to Ceylon and cholera 
vaccine to Thailand during epidemics, through the 
World Health Organization; the demand for 
cholera vaccine was unusually high, while that for 
plague vaccine continued to be low. Assistance was 
also offered in an epidemio of encephalitis, and influ- 
enza vaccine was prepared at the Institute and 
released for distribution. Research activities included 
investigation of the anti-coagulant action of cobra 
venom m human and horse blood, and the preparation 
of new chromogenic substrates for detection and 
location of enzymes m venom after separation by 
starch electrophoresis. New thiourea derivatives of 
the type #.S50,.NH.CS.NH.R’ were synthesized to 
- study their anti-tubercular properties, and tolylbutyl- 
amide was prepared by desulphurizing N’-p-methyl- 
benzenesulphonyl-N°-n-butylthiourea with hydrogen 
peroxide. Various epidemiological features of sal- 
monellosis are under study and also the pharmaco- 
logical actions of cholera endotoxins with the view of 
determining the pathogenicity of the disease, while a 
gravimetric method has been developed for determin- 
ing the halogen derivatives of 8-hydroxyquinoline 
commonly used m medical practice. Manufacture of 
cholera vaccine by the submerged culture method was 
attempted, and studies were continued on salivary 
glands of rabid animals, while trials of mfluenza 
vaccine in animals led to the development of a bio- 
logical test for the standardization of the potency of 
the vaccine. A study of the iron-binding capacity of 
serum was started as well as further work on the 
nutritive evaluation of foodstuffs commonly consumed 
m the State of Bombay. A list of papers published 
during the year is included. 


Bulletin of the Provisional International Computation 

Centre 

Tan Bulletin of the Provisional International Com- 
putation Centre, the eighth issue of which has just 
appeared, is essentially a serial publication listing 
computing laboratories, facilities, and conferences 
throughout the world (Rome: Palazzo degli Uffie:, 
Zone del UER, 1960). <A few articles are printed 
from time to time, and the latest issue contains an 
account of electronic computing facilities in Czecho- 
slovakia. Many of the machines described im this 
article are unfamiliar in the Western world, and it is 
to be hoped that fuller details may appear in future 
issues of the Bulletin. It is interesting, also, to read 
the paper, by Dr. J. E. Holmstrom, on his multi- 
lngual terminology project. This seeks to rationalize 
the computer vocabulary and, most appropriately, 
takes the new draft British standard on the subject 
as its basic material. 
Comparative Biochemistry and Physiology 

THE first number of Comparative Biochemistry and 
Phystology (Vol. 1, No. 1 (January 1960). Pp. iv- 
100. Subscription rate (including postage): (A) For 
institutions, 20 dollars per volume; (8B) for indi- 
viduals, 15 dollars per volume. New York and 
London: Pergamon Press, 1960) contains a foreword 
by Dr. Joseph Needham, in which he points out that 
in the development of physiology ad biochemistry, 
the emphasis hag been on the study of man and the 
mammals because of the close association of these 
sciences with medicine. This journal, in which 
special attention is to be given to the compara- 
tive aspects of animal physiology and biochemistry, 
will help to increase knowledge of all types of 
animals. It should appeal to zoologists and marine 
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biologists as well as to physiologists and biochemusts. 
The first number contains, among others, com- 
munications on toads, fishes, worms, snails and 
insects. The editors are Dr. G. A. Kerkut, Univer- 
sity of Southampton, and Prof. Bradley T. Scheer, 
University of Oregon, and there is an honorary 
editorial advisory board of distinguished scientists 
from many different countries. 
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Solvents and Dry Cleaning 


UNLIKE laundries, which have been facing serious 
competition from washing machines and ‘launderettes’ 
for more than a decade, the dry cleaning business hag 
been little changed by technical development. Durmg 
the past twenty years the gross annual turnover of this 
growing industry has mereased from £10,000,000 in 
1939 to a probable £35,000,000 to-day. 43,000 
people are employed im dry cleaning, two-thirds of 
them women, in about 2,000 separate companies. 
The industry handles nearly 400,000 garments a day, 
which represents about three garments a year for 
every man, woman and child in Britain. In a 
dry-cleaning establishment the cleanmg liquids are 
organic solvents, either petroleum-derived white spirit 
or chlorinated hydrocarbons, such as perchloretbyl- 
ene. While solvents alone will release and carry 
away much of the dirt held in the fibres by greasy 
matter, they make little or no impression on water- 
soluble sugar and food stains. The advent of the 
steam gun has speeded up what is called the ‘spotting’ 
process. The gun spurts a jet of steam on to the 
stains, 80 them and knocking the food and 
other particles off the fibres of the garment. In the 
more modern charged system of cleaning, electronic 
controls are widely used and give a very high and 
consistent standard of cleaning. The subject 1s 
treated in more detail in Catalyst (Vol. 3, winter 
edition 1959-60). 


Flora of the Belgian Congo 


HE pinth volume of the monumental “Flore du 
Congo Belge et du Ruanda-Urund.”’ has now been 
published by the Institut National pour l'Etude 
Agronomique du Congo Belge. In its format it 
follows the same lines as 1ts predecessors. It contains 
the famihes Buxaceae, Anacardiaceas, Aquifoliacese, 
Celastraceae, Hippocrateaceae, Salvadoraceae, Icacin- 
aceso, Sapindacesae, Melianthaceae, Balsaminacease, 
Rhamnaceas, Vitaceae and Leeaceas, some of which 
are both large and taxonomically complicated. 
Among the more noteworthy treatments are that of 
Anacardiaceae by P. Van der Veken, in which the 
largest genera are Trichoscypha with 20 species and 
Heeria with 10; the troublesome Sapindaceae, 
including 26 species of Allophylus, by Hauman; the 
revision of Impatiens by Wilezek and Schulze in 
which 35 species are enumerated; and the Vitaceae 
by De Wit and Willems in which the genus Oissus 
runs to no less than 95 species in addition to others 
imperfectly known. The Hippocrateaceae (which 
are mainteined as distmet from Celastraceae) have 
been subjected to an elaborate revision by Wilczek. 
Thirteen genera are recognized, from which it will 
be seen that the merease in generic segregation in 
this family, as carried out in recent years by A. C. 
Smith for America and N. Hallé for Africa, is sup- 
ported. The largest genus is Salacta with 54 species. 
Students of the family Melianthaceao will have to 
take notice of a new classification of the formidable 
genus Bersama differing considerably from that of 
Verdcourt published in 1950. 
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Health of the Executive 


Dugme the past six years the Diagnostic Cline of 
the Graduate School of Medicine, University of 
Pe Ivania, has carried out investigations into 
the health of 2,000 executives from 70 firms (Medical 
Affairs, University of Pennsylvania. 1, No. 3, 
Spring, 1960). On thei first examination in the 
Clinic, 40 per cent of these individuals were found to 
have previously unrecognized disorders and only 
28 per cent were diagnosed as completely healthy ; 
the remaining 31 per cent bad had previous illness 
which currently had an adverse effect on their physical 
status. Of the newly discovered disease, 57 per cent 
was considered potentially serious, 34 per cent was 
minor in importance, and 9 per cent insignificant. 
Disease in the serious category increased with age. 
In those 40 years of age or under, only 38 per cent 
of the newly diagnosed disease was considered serious, 
while in those over 60 years it rose to nearly 70 per 
cent. The conditions occurring in the older age 
groups are as susceptible to treatment as are those 
in younger individuals. 64 per cent of the newly 
discovered disease was concentrated in only 13 
per cent of the group. There is thus a healthy group 
of 28 per cent having no disease, either new or old, 
and 13 per cent of the group having more than half 
of all the disease found. This small ‘disease prone’ 
group is being further examined. 


Rugby School Natura! History Soclety 


Tam report of the Rugby School Natural History 
Society for 1959 contains a number of articles for 
which the boys concerned were awarded school 
prizes (Pp. 24+2 plates. Rugby: Rugby School 
Natural History Society, 1960). One of the most 
interesting is by I. H. R. Thompson, who obtained a 
distinguished-work prize. During a period of three 
years, Thompson has been collecting mformation 
about the disposal of dung and carrion and, in this 
article, describes the part played by beotles.in dung 
and carrion disposal. Although four-footed scaven- 
gers and maggots play the greater part in disposal of 
carrion, Thompson shows that Necrophort beetles 
are responsible for the elimination of congiderable 
quantities of carrion. Almost invamebly, the beetles 
bury the corpses by excavating the earth under it 
and allowing the body to sink down into the hole. 
During burial the fur or feathers are usually removed, 
but the animal is never dissected. Beetles play a 
much larger part in the disposal of dung than they 
do of carrion. Although other agents, such ae flies 
and worms, dispose of some dung, the bulk of it is 
dealt with by beetles. As early as March a patch of 
dung will yield a quantity of the smaller dung beetles, 
particularly the smaller Aphodius ; by May the larger 
Geotrupes can be found in large numbers. About this 
time the smaller Aphodius appear in numbers again, 


Population in [958 


THH second part of the Registrar General’s 
Statistical Review, which used to be called “Civil 
Tables”, is now pubhshed under the title ““Tables, 
Population” (pp. xi+181. London: H.M. Stationery 
Office, 1960. Ils. 6d. net). The contents remain 
unchanged, however; mortality statistics continue 
to be published in the medical tables, and Part 2 of 
the volume for 1958 deals with births, marriages and 
total population. There have been no major changes 
in the presentation of statistics compared with 
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previous years. Nor were there any striking new 
trends in the figures themselves during that period. 
Divorces continued to decline im numbers, new 
petitions filed stood at the lowest figure since 1945, 
when the married population was lower in absolute 
numbers than to-day. Live births were up by about 
18,000 compared with the previous years, raising the 
birth-rate from 16-1 to 16-4 per thousand of the 
total population and the legitimate birth-rate from 
111-5 to 113-9 per thousand married women of 
reproductive age. Births have been increasing 
steadily since 1955, and provisional figures for 1958 
indicate that the rise has continued in that year. 


Principles of the Extraction of Metals 


MonoaRarPuH No. 3 of the series being published by 
the Royal Institute of Chemistry for the guidance of 
teachers in schools is concerned with the application 
of physico-chemical principles to extraction meial- 
lurgy (Royal Institute of Chemistry Monographs for 
Teachers. No. 3: Principles of the Extraction of 
Metals. By Dr. D. J. G. Ives. Pp. vi+57. London : 
Royal Institute of Chemistry, 1960. 6s.). The author, 
Dr. D. J. G. Ives, has done a very good bit of work, 
and no better preparation for a prospective student of 
metallurgy could well be imagined. The first of the 
four chapters is concerned with the thermodynamical 
background, the reader being introduced to, or 
reminded of, the fundamental concepts. In the next, 
these are applied to pyrometallurgical processes. 
Chapter 3 gives a short account of the factors which 
govern the choice of extraction methods, and the 
booklet ends with a description of some typical 
operations such as roasting, the extraction of iron 
and copper and an outline of hydrometallurgy. This 
is an excellent introduction to the subject ; the only 
question which can arise 1s whether tho, treatment 
may not be a bit too ambitious for its purpose, but 
this is a fault, if indeed it be one at all, which is 
easily remedied. 


A Blood Parasite from the California Yellow-legged 
Frog 


DURING the summer and early autumn of 1958, 
eleven Rana b. boyli were collected from Dutch Mill 
Creek, Sonoma County, California. Examination of 
the peripheral blood showed the presence of extra- 
cellular and intra-erythrocytic hemogregarine-like 
parasites (considered to be Karyolysus sonomae) in 
five of the hosts. Sections and tissue impressions of 
the viscera indicated that the parasite underwent 
schizogony in endothelial cells. Donald L. Lehmann 
reports that this is the first authentic report of a 
species of this genus to be recorded from any group 
but the Reptilia (Proceedings of the American Philo- 
sophical Soctety, 103, No. 4; August 1959). Previous 
reports from the Amphibia have been based upon 
the morphology of the parasite in the peripheral 
blood and were not confirmed by demonstrating the 
vertebrate life-cycle. 

The genus Karyolysus was established by Labbe 
(1894) to include those intra-erythrocytic sporozoans 
capable of fragmenting the nucleus of the host-cell. 
Reichenow (1921) found that this lytic activity was 
of uncertain generic worth ; he did, however, demon- 
strate that the parasite could be distinguished from 
other hsmogregarine-like species on the basis of the 
life-cycle in the vertebrate host, where schizogony 
occurs in endothelial cells and the resulting mero- 
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zoites, following their penetration into erythrocytes, 
develop into gametocytes. Infections were determined 
by staming thin smears of peripheral blood with 
Wright’s stain, and more detailed observations were 
made following Giemsa’s stain. Sections of viscera 
(liver, spleen, kidney, lung and heart) were fixed in 
alcohol—formalin-acetic acid, stained with Heiden- 
hain’s tron hematoxylin and cut 15 microns in 
thickness. 


Factors affecting Tubers in Begonia evansiana Andr. 


Tras species of Begonta, which is evidently a useful 
plant for investigations of developmental physiology, 
has buds which consistently form aerial tubers when 
exposed to short days. These tubers, when given 
sufficient short-day treatment, do not sprout when 
afterwards exposed to long days. However, if the 
plants are transferred to long days after a certain 
- minimal short-day exposure, the tuberizing buds 
resume growth. There is evidence, from defoliation 
experiments, that the tuber may itself be sensitive 
.to light (Esashi and Nagao, Sct. Rep. Tohoku Univ., 
Ser. 4 (Biol.), 24, 81; 1958). These authors (sbid., 
25, 191; 1959) have now reported that aerial tubers 
of "Begonia evanstana Andr., which are formed under 
short-day conditions, begin to sprout when isolated 
and exposed to continuous light while they are 
actively thickening. After the completion of thicken- 
ing, however, the tubers sprout no more in response 
to light. These dormant tubers can be induced to 
sprout after low-temperature treatments. Whether 
or not the tubers sprout, they develop roots. In a 
study of the action of gibberellin on the dormancy 
of the tubers, Nagao and Mitsui (ibid., 199) found 
that gibberellin treatments in the concentration 
range from 0-1 to 100 p.p.m. had no dormancy- 
breaking effect. Gibberellin treatments at concen- 
trations of 10 and 100 p.p.m. inhibited the sprouting 
of aerial tubers. The gibberellin effect was greater in 
more dormant tubers. Gibberellin seemed to induce 
or prolong the tuber dormancy. The gibberellin- 
induced dormancy appeared to be broken by low- 
temperature treatments like natural dormancy. 
Rooting of aerial tubers was affected but slightly by 
gibberellin. 


Rensselaer Polytechnic Institute 


A REPORT on gifts, grants and bequests to Rens- 
selaer, 1958-59, has been issued by the Rensselaer 
Polytechnic Institute as a supplement to the annual 
development report, and to emphasize the major 
importance of such assistance in helping the Institute 
to achieve its educational goals (pp. 16. Troy, New 
York: Rensselaer Polytechnic Institute, 1960). 
Without such contributions the Institute could 
neither survive nor establish firm plans for future 
growth. In the past fiscal year such gifts of cash 
and equipment amounted to 1,362,854 million dollars. 


Summer School In Crystal Structure Determin- 
ation 


A SUMMER School in “Modern Methods of Crystal 
Structure Determmation” will be held in the Man- 
chester College of Science and Technology during 
August 29-September 9. The main topics to be dealt 
with, by lectures, practical work and discussions, 
will be direct methods, Fourier-transform and optical- 
transform methods, anomalous scattering, and refine- 
ment procedures. In addition, there will be some 
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lectures and discussions on recent results in various 
fields, with assessment of their implications. The fee 
for the course will be £25, including accommodation 
in one of the University halls of residence. The fee 
for attendance without accommodation will bo £5. 
Further information can be obtained from the 
Director, Extra-Mural Department, The University, 
Manchester 13. 


Association of Consulting Sctentists 


Az the annual general meeting of the Association 
of Consulting Scientists, held in London recently, 
the following officers and Council for 1960-61 were 
elected : chairman, Dr. J. G. Davis; hon. treasurer, 
Dr. G. W. Ferguson; hon. secretary, Mr. W. H. 
Stevens; other members, Dr. M. Barent, Dr. H. H. 
Chambers, Dr. Julius Grant, Dr. J. H. Oliver, Mr. 
O. W. Roskill, Mr. F. G. Sarel Whitfield. 
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The Linnean Soclety of London 


AT the anniversary meeting of the Linnean Society 
of London, held on May 24, the following were elected 
officers and Council for the session, 1960-61: prest- 
dent, Prof. C. F. A. Pantin; treasurer, The Earl of 
Cranbrook ; seoretartes, Dr. C. R. Metcalfe (botany), 
Dr. H. G. Vovers (zoology), Dr. John Smart (editor- 
ial). Vice-prestdents appointed were: Mr. E. J. H. 
Corner, The Earl of Cranbrook, Asst. Prof. H. R. 
Hewer and Dr. W. G. Templeman. New members of 
Oounctl: Dr. A. J. Cain, Prof. A. R. Clapham, 
Dr. W. P. Crowcroft, Mr. F. C. Deighton and Mr. J. F. 

. Linnean Gold Medals were presented to: 
Dr. Libbie Henrietta Hyman and Dr. H. Hamshaw 
Thomas. The Trail Award and Medal was presented 
to Dr. Laurence Ernest Rowland Picken. Prof. 
Dr. C. G. G. van Steenis and Dr. Robert E. Snodgrass 
were elected foreign members and Mr. H. F. Comber, 
Mr. Dennis A. Kempson and Prof. Alexander Eric 
Kohts were elected associates honorts causa. 


Royal Society of South Africa 


Tas following were elected as officers and Council 
for 1960: president, Dr. 8. M. Naudé; honorary 
general secretary, Mr. W. J. Talbot ; honorary treasurer, 
Dr. N. Sapeika ; acting honorary editor of transactions, 
Mr. A. M. Talbot ; honorary librarian, Dr. J. H. Day ; 
other members of council, Dr. R. A. Alexander, Dr 
S. F. Bush, Dr. A. L. Hales, Dr. W. E. Isaac, Dr. 
M. R. Levyns, Dr. R. H. Marloth, Dr. S. H. 8kaife. 
Dr. R. H. Stoy and Dr. C. L. Wicht. 


The Leopoldina German Academy of Sciences : 
Elections 


Dir Deutsche Akademie der Naturforscher, Halle, 
recently elected the following new members to the 
Sections indicated: Astronomy, Prof. Paul ten 
Bruggencate (Qöttingen), Prof. A. A. Miobailow 

owo, }, and Prof. Martin Schwarz- 
schild (Princeton) ; Medicine, Prof. Heinrich von 
Hayek (Vienna), Prof. Josef Kimmig (Hamburg), Prof. 
Friedrich Matzen (Leipzig), Prof. Hens Netter (Kiel), 
Prof. Karlheinz Sommer (Halle), and Prof. Werner 
Wacbsmuth (Wurzburg). 


‘Ataxia In Hens poisoned by Triparaethylpheny! 
Phosphate” 
Wrrs reference to her communication under this 
title in Nature of January 23, p. 247, Miss Ann Silver 
writes: “I should like to emphasize that the first 
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evidence that this substance produces ataxia in hens 
- was observed by Bondy, Field, Worden and Hughes 
== ab the N utritional Research Station in Huntingdon, 
~~ and it was first synthesized in the laboratories of 
Coalite and Chemical Products, Ltd., and the sample 
tested by me was provided by Dr HLF. Bondy”. 














University News : Belfast 


Tue following appointments to lectureships are 
announced: Dr. 8. M. Nelson (organic chemistry) ; 
Dr. A. R. Johnston (physics); Dr. L. T. Threadgold 
(zoology); Mr. T. J. Black and Mr. D. McCloy 
{mechanical engineering). 


Birmingham 


< Tux title of reader in reactor physics has been 
conferred on Dr. J. Walker, senior lecturer in physics. 
Appointments to lectureships are as follows: Gillian 
<0 Vaisey (civil engineering) ; G. Lees (road materials) ; 
Dr. G. H. Burkhardt (mathematical physics) ; 
Dr. M. J. Lawrence (genetics); G. H. Bak Nera 
and E. Amini (mechanical engineering); Dr. D. C. 
~~ Champeney and D. A. O’Connor oe. D. R. 
-Milner has been appointed Lucas Fellow in metal- 
joining in the Department of Industrial Metallurgy 
for seven years. 


Edinburgh 


| À fan following have been appointed Imperial 
Chemical. Research Industries Fellows: Dr. J. L, 
Holmes, Dr. K. R. Jennings, Dr. G. R. H. Jones, 
Dr. A. J. Charlson, and Dr. J. W. Sutherland. Mr. 
M. J. O'Hara has been appointed lecturer in geology 
and Mr. E. R. S. Fifoot, University librarian (as from 
October 1). 


Leeds 


APPOINTMENTS to lectureships are as follows: 
W. G. Collins and J. A. Fox (civil engineering) ; 
Dr. ©. M. Reeves (electronic computing); ©. G. 
Woods (pathology); Dr. P. J. Wyllie (experi- 
mental petrology). Dr. D. M. Robertson has been 
awarded the Portsmouth fellowship for research in 
multiple sclerosis for three years. The Department of 
Zoology has received a grant of £2,055 from the 
oi Department of Scientific and Industrial Research for 
research projects under the direction of Dr. Broad- 
head. The Department of Biomolecular Structure 
<: -reeeived grants of 152,517 dollars from the United 
-co States Public Health Authority and £1,100 from the 
: Medical Research Council ; the latter is to be used in 
establishing a research fellowship. The Houldsworth 
“Sehool of Applied Science has received among other 
grants £3,500 from the British Coke Research 
Association and £1,200 a year to establish a research 
fellowship in ceramics from the Thermal Syndicate, 
Ltd. 


























Nottingham 


Dr. CYRIL CLIFFORD ADDISON, at present reader 
in the Department of Chemistry, has been appointed 
professor of inorganic chemistry as from October 1. 
Dr. Addison graduated at Durham in 1934 and 
obtained the research degrees of that University of 
Ph.D. in 1937 and of D. Se. in 1947. During the War 
: he worked for the Ministry of Supply at Runcorn and 
: Preston, and was later head of the Analytical Research 
Laboratories at Sutton Oak. He was appointed 
‘lecturer in inorganic chemistry at Nottingham in 
~ 1946, and in 1952 the title of reader was conferred 
“upon him. 
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Dr. Maurice Wiliam Partridge, at present. ‘Lord’ 
Trent reader in pharmaceutical chemistry, has been = 
appointed to the Lord Trent chair in ‘the same 
subject as from October 1. Dr. Partridge graduated 
with honours at University College, Nottingham, and 
in 1941 was awarded the research degree of Ph.D. 
of the University of London. During the War he wa 
research assistant to the British Pharmacopei 3 
Commission and later was senior scientist in the a 
chemical research laboratories of Boots Pure Drug. © 
Co., Ltd. He was appointed lecturer in pharma- ce 
coutical chemistry in 1947, and in 1955 was appointed — 
to his present readership. 











Oxford : 


Tae following appointments to. readerships have E E 
Dr. E. P. Abraham (chemical as 


been announced : ee 
pathology); Dr. E. Biilbring (pharmacology) > yee 
Dr. W. 





A. Waters (physical organic chemistry); oh 
and Dr. N. Kurti (physics). 4 


St. Anii DE 


Taer following appointments to senior lectureships goes 
are announced : Dr. Ann R. Sanderson, Department. = = 
of Zoology, Queen’s College; and Dr. D. V. Osborne, > 
Department of Natural Philosophy, St. Salvator’s 
College. 


Announcements 


Lorp Hives, who was the first chairman of the 
National Council for Technological Awards, has been 
given an honorary diploma in technology (engineer- 
ing); this is the first honorary award to be made by 
the Council. 


Tue Chemical Research Committee of the Indian 
Council of Scientific and Industrial Research is organe — 
izing a two-day symposium on “Proteins” at Mysore 
during the first week of August. Further information _ 
can be obtained from Dr. A. Sreenivasan, Central. 
Food Technological Research Institute, V. V.: 
Mohalla, P.O., Mysore 2, 


THE tenth International Congress of the History 
of Science will be held in the United States during 
August 26-September 2, 1962. Opening sessions of 
the Congress will be held at Cornell University, 
Ithaca, New York, and the concluding sessions will 
be held at the American Philosophical Society, | 
Philadelphia, Pennsylvania. The president of the 
Congress is Prof. Henry Guerlac, of Cornell Univer- 
sity. Further information can be obtained from the... 
secretary, Prof. C. Doris Hellman, Cornell DITES o 
Ithaca, New York. e 


THe fourteenth congress of the International 
Scientific Film Association will be held in Pragu 
during September 16-24, and will include, as. 
previous years, a festival of films on “Presenting 
Science’. Responsibility for selecting the British 
film entry for the Congress rests with the Scientific 
Film Association of Great Britain. Further informa- © 
tion can be obtained from the Scientific Film 
Association, 3 Belgrave Square, London, 8.W.1. 













AN international conference on “Natural Rubber 
Research”, sponsored by the Rubber Research Insti- _ 
tute of Malaya with the support of the Government of ~~ 
the Federation of Malaya and the Rubber Producers’ | 
Council, will take place in Kuala Lumpur during 
September 26-October 1. Further information can 
be obtained from the Rubber Research Institute of _ 
Malaya, P.O. Box 150, Kuala Lumpur. | 
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NEW PHYSICS LABORATORY OF THE UNIVERSITY 
OF READING 


HE new physics laboratory of the University of 


Reading was opened on May 17 by Sir George 
Thomson, who named the building “The J. J. 


Thomson Physical Laboratory”. On the occasion of 


the opening, honorary degrees were conferred on Dr. 
T. E. Allibone, Prof. N. F. Mott, Prof. F. Seitz and 
Sir George Thomson. It is of interest to recall that 
Sir J. J. Thomson received an honorary degree 
from the University in 1935 and that both the 
first professor of physics at the University of Reading 
(J. A. Crowther) and the present professor (R. W. 
Ditchburn) worked in the Cavendish Laboratory 
under him. 

. The Laboratory was planned to accommodate 
undergraduate classes of up to 100 in each of the 
first two years (post-intermediate), and about thirty 
in the special honours final year. Facilities for about 
fifty research workers (including members of staff) 
were also provided. It was expected that the inter- 
mediate science class would be very small, but that 
teaching at this level would be required for about 100 
students in agriculture, ete. It now appears probabla 





that the numbers of students in these elementary 
classes will be much smaller than was expected, but 
the teaching laboratory space released will be required 
to deal with the large increase of students now pre- 
dicted for the next decade. 

The Laboratory is a three-storey steel-framed 
building with a floor area of about 63,000 sq. ft. 
The structure has brown-grey brick walls and the 
groater part has a low pitch roof covered in copper. 
The western end of the Laboratory, connected to the 
main building by a two-storey glazed link, is the 
lecture theatre block. This has a flat roof surrounded 
by a parapet wall. The ground floor contains two 
lecture theatres, with a projection room for each and 
a preparation room common to both. On the first 
floor, above the lecture theatres, are two large 
teaching laboratories for the general honours students 
and for special honours students in their first ang 
second years. These laboratories cover an ard of 
5,000 sq. ft. with a single-span roof, internal steel 
partitions being used to provide dark-rooms, ete. 
The absence of internal structural pillars and load- 


Fig. 1. The J. J. Thomson Physical Laboratory, University of Reading 


June 4, 1960 


bearing walls enables the space to be utilized in a 
very economical way. 

The larger lecture theatre contains seating for 180 
and the smaller for 105. Each has bench-type 
seating, specially modelled for maximum comfort, 
and fitted with hinged writing flaps. In each theatre 
the lecturer’s demonstration bench is equipped with 
all laboratory services and, in addition, the elec- 
tricaly operated windows, blinds and di 
apparatus for the lightmg can be controlled from it. 
The walls behind the demonstration benches are 
prepared to form a permanent projection surface 
12 ft. wide and 6 ft. high, on which two pictures can 
be projected side by side. Below the projection 
surface is a 12-ft. glass chalk-board. On the left-hand 
side of the central wall is a splayed wall with a trans- 
lucent glass chalk-board, which can be illuminated 
from behind when the room is darkened; on the 
tight-hand side 1s another splayed wall fitted with a 
chalk-board of conventional type. 

Heating in the lecture theatres is by means of 
radiant wall panels combined with a heated air 
plenum ventilation system. Elsewhere in the build- 
ing heating is by ‘Frenger’ acoustic heated ceilings. 
All windows are double-glazed to reduce heat losses. 
Many of the rooms are provided with inlet and 
extract ventilation, particularly those fitted with 
dark blinds. 

e {be main laboratory is planned on a repeating bay 

unit 7 ft. 6 in. wide and 16 ft. deep, with laboratory 
services arranged beneath the windows in a service 
rack. The services available in every bay of the 
buildmg include alternating current supplies at 
415 V. (3-phaseo) and 240 V. and 6 V. (single 
phase) and drect current at 240 V. and 24 V. 
Hot and cold water, gas and compressed air are also 
available. 

It was estimated that one and a half million 
gallons of cooling water per annum would be required 
for diffusion pumps, compressors, etc., and a 
recirculation system is therefore provided. This 
service is generally available in the ‘centres of 
rooms, together with 240 V. a.c. and one other 
service at choice. 

Walls throughout the building are plastered and 
tinted and the doors are decorated in bright colours. 
Tho floors of most rooms are covered with “Tarkett 
P.V.C.’ tiles and the corridors with ‘Korkoid’. The 
library has been designed to enable the beautiful 
surroundings of the Laboratory to be seen to advan- 
tage. Part of a gift from Imperial Chemical 
Industries, Ltd., has been used to provide books 
for the library, which will be especially useful 
during the next three years when the University 
Library is still on the old University site. Office 
accommodation for a theoretical physics group is 
provided near the library. This group is working 
on the application of quantum mechanics and 
statistical mechanics to problems in solid state 
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physics, m particular crystal lattice vibrations, 
lattice imperfections and magneto-optic effects in 
semiconductors. 

Most of the experimental work in the Laboratory 
is concerned with the physics of the solid state. One 
research group is studying the effects of imperfections 
in crystal structure on physical properties, particu-, 
larly with reference to radiation damage (defects 
produced by irradiation with pile neutrons and other 
hign-energy particles). A 2-MeV. Van de Graaff 
generator (purchased with a grant from the Depart- 
ment of Scientific and Industrial Research) is used to 
produce defects in a controlled way. It is housed in 
a small bulding at a convenient distance from the 
maim laboratory. 

A section of the research space is assigned to the 
radio-tracer laboratory, which is mainly concerned 
with atomic diffusion in metals. This laboratory 
contains also a mass spectrometer which is used to 
assist biological as well as physical research. 

A research group, supported by the Admiralty, is’ 
working on the surface properties of semiconductors. 
Methods of breaking germanium in a very high 
vacuum (10-*-10-'° mm. mercury) so as to expose a 
crystal plane have been devised, and the gradual 
contamination of these surfaces is being studied. 
Work on the etching of surfaces is being studied 
using high- quality optical microscopes, and an H_M.6 
electron microscope is on order. Associated Electrical 
Industries, Lid., have kindly agreed to provide a 
technical assistant to work this instrument for three 
years. Studies of solids by X-ray and electron 
diffraction are also in progress. The Royal Society 
has given & grant to assist the development of high- 
voltage electron diffraction using tbe Van de Graaff 
generator. 

The Laboratory is equipped for spectroscopic 
studies for the infra-red, visible, ultra-violet and 
soft X-ray regions. The apparatus is used for 
measurements on solids chiefly in the infra-red 
end visible regions and in the vacuum ultra-violet. 
The results on gases have applications to studies 
on the upper atmosphere and to the physics of hot 
plasmas, 


A biophysical investigation on vision is supported 
by the U.8. Public Health Service. 

When, the Laboratory was designed, the number 
of students in the University of Reading was expected 
to become stable at a figure in the range 1,500-2,000. 
An increase to 3,000 is now contemplated. The 
Laboratory will have to provide for larger numbers 
in the Physics De t and also for the early 
development of at least two new departments in the 
physical sciences. The design of the building pro- 
vided for possible extension which, it was thought, 
might be needed after twenty-five years. The naw 
conditions have led to discussion of this extension 
even before the building was opened. 

R. W. DITOHBURN 


t 


GOVERNING TECHNICAL COLLEGES 


HANDBOOK, ‘‘The Technical Colleges and their 
Government”, issued by the Joint Federation of 
British Industries Technical Colleges Committee 
under the auspices of the Federation’s Education 
Committee, provides a concise but keen industrial 


appraisal of the structure of technical education, its 
historical background, academic pattern and finance 
as well as a close discussion of the government of 
technical colleges (pp. vii+44. F.B.I. Handbook. 
London: Federation of British Industries, 1960. 6s.). 


770 


Appendixes included a policy statement on the finance 
of advanced sandwich courges issued by the Federa- 
tion, the Ministry of Education’s Circular 7/59 on 
Governing Bodies for Major Establishments, and a 
selected bibliography which is thoroughly repre- 
sentative. 

The recommendations based on this survey 
emphasize that it is the function of governors to 
ensure that ther college fulfils its role as an academic 
institution within the national and regional frame- 
work of further education. To do so involves strong 
links with industry, commerce and the professions ; 
a constant awareness of the changing needs of their 
students; and adequate powers to implement the 
governing body’s decisions. Governors nominated by 
special interests can and should bring their special 
experience or background to bear on the affairs of 
the college, but the handbook emphasizes that the 
governors serve to promote the interests of the 
college and that they should be aware that oach 
college occupies a distinct place in the pattern of 
further education as a whole. 

On size, the handbook suggests a membership of 
about twenty as ideal, and ıt should include members 
of the profeesions with which the college is maimly 
concerned and of the universities. The contribution 
which headmasters of secondary schools could make 
should be considered and provision for co-opting 
independent persons with special knowledge or 
experience, representative of ex-students and for 


SOUTH-EASTERN UNION 


HE South-Eastern Union of Scientific Societies 

held its sixty-fifth annual congress in Ipswich, 
during April 22—25, under the presidency of the Ear] 
of Cranbrook. The headquarters of the congress was 
at Ipswich School, where an exhibition of natural 
history was on display. A young naturalists’ evening 
was arranged and questions from the audience were 
answered by a panel under the chairmanship of 
Maxwell Knight. Lord Cranbrook’s presidential 
address to the Union was on “East Anglian Mam- 
mals’, and he began by explaming that most of the 
area, 18 highly cultivated, therefore the habitats 
are largely man-made. The red deer m East 
Angla are possibly the progeny of escapes of those 
introduced from Scotland and are larger than those 
of ths same species in Scotland, the increased size 
being due to an environmental change. Introduced 
roe deer are now flourishing in the Breckland. 

Dealing with the seal population he said that both 
common and grey species occurred, a colony of grey 
seals bemg established durmg 1958 on Grove Sands, 
off Yarmouth, which are dry at the high-water mark. 
Ringmg experiments are being made for recording 
movements of individuals, breeding places and the 
months on which the young of different species are 
born. 

Lord Cranbrook said that for some obscure reason 
there appeared to be a natural barrier on the Essex- 
Suffolk border which prevented a number of mammals 
from crossing to suitable habitats in Norfolk and 
Suffolk. The distribution of the dormouse, horse-shoe 
bat and grey squirrel is limited to the south of the 
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continuity ıs recommended. Stress. ıs laid on the 
unportance of the full implications of the recom- 
mendations of the Ministry of Education in regard 
to the powers of the governing body, and the hand- 
book stresses the importance both of the power of 
governors being commensurate with the respons- 
ibilities they are asked to assume and of adjusting 
procedure to ensure the best possible use of the 
governors’ time. 

One meeting of two to three hours a term is sug- 
gested as covering most requirements, but apart 
from attendance at formal meetings of the governing 
body and its committees, governors can and should 
play a valuable part in the hfe of the college, 
and it ıs recommended that they should be en- 
couraged to do so. Departmental advisory com- 
mittees are usually appomted for each major dis- 
ciphne studied at a college, and these should consist 
of experts from mdustry or commerce, members of 
the governing body and the teaching staff and 
representatives of the appropriate professional body. 
They may also include H.M. Inspectors and 
should have room for co-opted independent experts. 
Close links between the advisory commuttees 
and the governmg body are essential, but the 
constitutional position of advisory committees will 
vary according to the subject, and in fields which 
are undergoing continuous change, the establish- 
ment of permanent advisory committees may, be 
advisable. 


OF SCIENTIFIC SOCIETIES 


Stour valley although the red squirrel is abundant in 
the coniferous woods of the Breckland. Coypu numbers 
increase end the animal has become a nuisance, 
damaging farm crops and banks of ditches and 
streams. Scientific investigation is necessary to find 
the steps to be taken for control. Defending the 
policy of the Forestry Commissioners in planting 
mainly conifers, he said that pine forests are useful for 
the preservation of mammals, badgers are increasing 
in numbers, and the pine marten, which is increasing 
its range, may be expected to reach the area in the 
near future. The question of the black rat race ın 
the Fens needs careful consideration ; there appears to 
be two varieties common in the south and east of 
England and their control may be necessary. He 
concluded his address by comparing the growth of 
teeth of the field and water voles. In the former the 
teeth continue to grow throughout their hfe, as much 
as 24 in. a year, & corresponding amount being worn 
away by the hard food they consume. In the case 
of the water vole the teeth cease to grow when the 
animal is adult, calfication then aiding the resistance 
to wear. 

The presidential address to the Archeological 
Section was given by Mr. N. Smedley on “‘Archmology 
m Suffolk’. Speaking on the early mvestigators he 
mentioned the finding of an Acheulean implement by 
John Frere in 1797 and the scepticism with which the 
suggestion of man’s existence before the present world 
conditions wasg received. He traced the development 
of the beaker pottery forms through the neolithie, 
bronze and iron ages. Roman times in Suffolk 
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showed a specialized form of kiln with no raised floor 
during firing. Mr. Smedley had supervised the 
reconstruction of a kiln of this type to prove the 
possibility of obtaming the necessary draught and 
temperature for the baking of clay vessels. 

Mr. F. W. Simpson gave the presidential address to 
the Botanical Section, his subject being “Changes in 
the Suffolk Flora during the Past 100 Years’. He 
emphasized the need for the conservation of habitats, 
pointing out that since Henslow’s Flora was published 
in 1860 about 75 natives had become extinct, another 
40 will soon be gone and others are in danger of such 
a fate. This is largely due to suitable habitats being 
reduced by human development for building purposes. 
The introduction of aliens may increase the number 
of species, and for an understanding of the general 
situation it is important that records of first and last 
appearances of species should be kept. 

An appointment in America prevented Dr. R. G. 
West from delivering his presidential address to the 
Geological Section in person, but a recording was 
available on “Investigating Glacial and Interglacial 
Geology ın East Angha’. Three methods have been 
used in the determination of the relations of the 
deposits : tracing the origins of the boulders by the 
identification of the materials; the study of the 
orientation of the boulders by the alignment of the 
long axes in undisturbed deposits; pollen analysis, 
the size and pattern of the pollen showing the genera 
and sometimes the species present, so from the 
vegetational sequence a climatic one could be deduced. 
Four main glacial periods may be correlated by these 
methods, the oldest Cromerian, folowed m turn by 
Lowestoft, Gipping and Hunstanton. Implements 
occurs throughout, the most prolific deposit being the 
Hoxnian, between the Lowestoft and Gipping 
glaciations, where Acheulean specimens occur in & 
deposited brick-earth in conditions at least as warm 
as at the present time, the pollen grains including 
pine, birch and oak. 

Mr. S. Besufoy chose for his presidential address to 
the Zoological Section the subject of “Some East 
Anglian Butterflies”. Illustrating his address with 
coloured slides of outstanding merit, he commenced 
by confirming the opinion that a natural boundary 
appeared to prevent species, including the Speckled 
Wood and Chequered Skipper butterflies, from 
occurring in Suffolk although recorded in adjacent 
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Essex. The life-history of the Swallowtail, was 
described, a British sub-species occurring in Norfolk, 
the caterpillars feeding on wild carrot and, also, 
readily taking the leaves of the cultivated variety. 
The Silverwashed Fritilary is fairly common in 
woodlands, the eggs being deposited on moss during 
July and August, the caterpillar’s first meal being its 
egg shell. It then hibernates and nothing more is 
eaten until the following spring when, by feeding on 
violet leaves, ıt completes its larval stage. The 
White Admiral, quite common in parts of East Anglia, 
deposits its eggs on honeysuckle, the caterpillars feed 
for about three weeks and then hibernate throughout 
the winter. The Purple Emperor was last recorded 
in 1919, the Large Tortoiseshell has become rare and . 
an attempt to reintroduce the Large Copper has not 
been entirely successful. 

Mr. J. E. Marston, the local secretary responsible 
for the arrangements of the congress, gave an. illus- 
trated talk on “Suffolk Ponds and Pond Animals’’. : 
Tracing the life history of the mayfly he said that, 
although the hfe of the adult did not exceed 24 hr., 
the nymph takes three years to develop to this stage. 
The speaker wished for a full investigation mto the 
breeding habits of the freshwater shrimp ; preliminary 
researches st Belstead House have yielded some 
unexpected results. 

Favourable weather conditions enabled the full 
programme of excursions to be carried out. The 
archeologists visited Littl Wenham Hall, Earl 
Stonham church and Helmingham Hall. As a prelude 
to Mr. Smedley’s lecture a visit was made to Christ- 
church Mansion under his direction. The botanists 
made an excursion to study the early spring flora of 
the heaths of East Suffolk and the coast, at Wood- 
bridge, Shingle Street, Butley and Chillesford. The 
geologists were conducted around the quarries at 
Great Blakenham and Creeting St. Mary to view 
sections revealing the effect of moving ice-sheets 
during the Glacial periods. 

The general excursion was to Flatford Mill Field 
Study Centre, where the warden, Mr. F. J. Bingley, 
conducted the party around the house and grounds, 
explaining the aims and work of the Field Study 
Council. 

The sixty-sixth annual congress of the Union will 
be held next year, durmg May, at Haslemere. 

F. J. Eres 


ACTINOMYCIN 


URING March 31-April 1 a conference was held, 
under the auspices of the New York Academy 
of Sciences, on ‘‘The Actinomycins and Their Impor- 
tance in the Treatment of Tumours in Animals and 
Man’’. The conference consisted of three sessions 
concerned, with: ‘‘Microbiological and Chemical 
Aspects”, ““Pharmacology and Experimental’, and 
“Chnical”’. Prof. Selman A. Waksman was the general 
chairman, of the sessions. 
Actinomycin was discovered in 1940 m the labora- 
, tories of the Soil Microbiology Division of the New 
Jersey Agricultural Experiment Station, Rutgers 
University. It was isolated from a culture of an 
actinomycete, later described as Streptomyces anti- 
btoticus. Since then, numerous other forms of actino- 
mycin have been isolated throughout the world. 


The first was designated as A, and the subsequent 
ones as B, C, D, X, ete. Each of these consists of 
several chemical entities. Nearly fifty letters, num- 
bers and subscripts have been used to designate the 
various entities. To clarify the nomenclatural 
problem, it has been suggested that names be applied 
to the various preparations only after the chemical 
constitution of each new form has been elucidated. 
The actinomycins are produced by a variety of 
different species of Streptomyces. They represent a 
group of chromopeptide antibiotics which differ only 
at one site m the peptide portion of the molecule. 
The nitrogen source supplied to the medium influences 
greatly the quantitative and qualitative composition 
of the actinomycins. The chemical composition of 
the actinomycing can be controlled during bio- 
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synthesis, notably through the addition of sarcosine, 
pipecolic acid, valine, tsoleucine, and certain other 
amino-acids to the medium. The chemistry of the 
actinomycins was reviewed by Prof. A. W. Johnson, 
of the University of Nottingham, and Prof. Hans 
Brockmann, of the University of Göttingen. 

All the actinomycins contain the same chromophore 
group, which has been identified as 2-amino-4 : 6-di- 
methyl-3-phenoxazinons-1 ; 9-dicarboxylic acid. The 
structural differences among the various actino- 
mycins make for differences in their antimicrobial, 
cytostatic and toxic properties; but there appears 
to be limited differences ım their therapeutic indices 

i animal tumours and lymphogranulomatosis. 
An attempt was therefore made to obtain actinomycin 
derivatives with better therapeutic indices, by means 
of chemical alterations in the chromophore or peptide 
portions of the actinomycins. Structural changes in 
the actinomycin chromophore may be accomplished 
if one exchanges the amino-grouping of the chromo- 
phore for chlorine, and if the resulting chloro-actino- 
mycin is then made to react with primary or secondary 
amines, or with other compounds which contain amino 
or imino groups. Brockmann reported total synthesis 
of actinomycin C, identical in chemical and biological 
behaviour with the natural preparations. 

Among the various actimomycin preparations 
tested upon animals and in clinical medicine, C (the 
German preparation) and D (the American prepara- 
tion) received the greatest attention at the con- 
ference. The Sloan-Kettering group reported that 
fatal intoxication with actinomycin D, following 
supralethal doses which caused death in lees than 
24 hr., might possibly be due to extensive damage 
of the intestinal epithelium allowing entrance of an 
endotoxin or a toxic polysaccharide into the blood 
stream. The antibiotic, at the LD,» dose, induces 
extreme hypoplasia in the bone marrow. Neutro- 
philic granulocytosis is the usual finding ; the short 
survival period is probably insufficient tıme to reflect 
the full consequence of destruction of bone marrow. 
Changes in the lymphoid tissues are presumably 
direct actions of actinomycm D, since they can be 
observed, in adrenalectomized as well as in normal 
rats. Actinomycins D and F, produce about the 
same increase in survivel time (less than 100 per cent) 
when tested against a variety of leukemias. Actimo- 
mycin F, is active against spontaneous mammary 
cancer of mice, whereas actinomycin D is without 
effect. The majority of the 32 actinomycin derivatives 
tested have little effect against the leukmemias. 

A group from the Institute of Microbiology of Rut- 
gers University reported that the antitumour effects 
of actinomycings IT, INT and IV have been studied in 
four ascitic tumour systems. The imtraperitoneal 
therapeutic index of actinomycin IT was found to be 
twice that of actinomycin IV and 4-fold that of 
actinomycin JIL in the Gardner lymphosarcoma 
system. The effective dose chosen for this calculation 
was the minimal amount producing a 100 per cent 
increase in survival time. The maximal effect of the 
actinomycins was attained with a total dose ranging 
from 1/15 to 1/40 of the UD,, dose, when the actino- 
mycins were administered intraperitoneally for three 
successive days. ‘The group from the Children’s 
Hospital (Boston) reported that the most striking 
effects on transplanted tumours in mice were produced 
on the S91 melanoma, P 1534 lymphatic leukemia, 
DBRF mammary adenocarcinoma, and the Ridg- 
way osteogenic sarcoma. A synergistic effect with 
actinomycin D and radiotherapy has been demon- 
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strated in mice bearing the Ridgway osteogenic 
sarcoma, as well as on normal mouse skin. A variety 
of heterologous tumours, including human cancers, 
have been grown in hamsters and afterwards treated 
successfully with actinomycin D. 

The work of the Bayer group in Germany with 
actinomycin C and other preparations were reported 
by Dr. C. Hackmann. In tissue-culture studies using 
HeLa cells, morphological changes of the nucleoli 
occur which are characteristic of the actmomycins. 
These changes have not been observed so far with 
other antitumour agents. 

Clinically, when used alone or in conjunction with 
radiation, actinomycin D has produced objective 
remission of varying duration in a limited number of 
cancers. Regression of tumour-size as well as dis- 
appearance of metastatic lesions (especially pulmon- 
ary) may last for a few weeks to several years (up to 
five). The tumours which have thus far bean found 
sensitive to actinomycin D are: Wilms’s tumour, 
rhabdomyosarcoma, EHwing’s sarcoma,  chlorio- 
carcinoma of testis and uterus, lymphomas (Hodgkin’s 
disease and lymphosarcoma), and bronchogenic 
carcinoma. Of these ‘responsive’ tumours, the most 
extensively studied has been Wilms’s tumour. The 
greatest proportion of regreasions occurred in this 
group of patients. With the other tumours con- 
sidered to be sensitive, a smaller number showed 
adequate results. Responses in children are nore 
favourable than in adults. 

Actinomycin is capable of reactivating, in distribu- 
tion and amount, the skin and mucous membrane 
reactions produced by initial irradiation. When 
used during the course of irradiation, actinomycin 
can also cause severe reactions. This potentiating 
effect of actinomycin D must be considered when 
combination therapy is contemplated. Doses of 
X-ray and actinomycin D must be adjusted and 
scrupulous care taken to exclude all normal tissues 
possible from the radiation beam. Most, if not all, 
of the patients treated with actinomycin show one or 
more toxic manifestations, all of which are reversible 
when the drug is discontinued. The severity of 
toxicity varies markedly, being only partly dependent 
upon the dose of drug. Toxicity usually does not 
become apparent until 2-4 days after the course of 
actinomycin D is stopped, and may not be maximal 
before 1—2 weeks have elapsed. Nausea and vomiting, 
however, occur within several hours after administra- 
tion. 

Actinomycin C has an almost selective cytostatic 
effect on lymphatic tissue. Its clinical use is limited 
therefore to Hodgkin’s disease and chronic lymphatic 
leukwmia. In Hodgkin’s disease, Begemann reported 
that remissions occurred in 22 of 54 patients whose 
disease was far advanced and refractory to other 
treatment, and in 19 of 38 patients who were respon- 
sive to other forms of therapy (in whom actinomycin 
was used in combination with X-rays and other 
drugs). emissions, however, are short-lhved. Be- 
eause actinomycin O does not produce depression of 
the bone marrow, it is particularly suited for thera- 
peutic trials in patients with aleukemic forms of 
Hodgkin’s disease or chronic lymphatic leukemia. 
Although bone-marrow depression does not occur, 
actinomycin C also produces gastrointestinal, derma- 
tological, neurological, and soft tissue toxicity 
including : nausea, vomiting, diarrhcea, loss of 
feeling of well-being, gingivitis, stomatitis, glossitis, 
alopecia, polyneuritis, and irritation of vems and 
thrombophlebitis. 
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U.S NATIONAL ACADEMY OF SCIENCES 
ELECTIONS TO MEMBERSHIP 


T the recent annual meeting of the U.S. National 

Academy of Sciences, Dr. Lloyd V. Berkner, 
president of Associated Universities, Inc., in New 
York City, was elected to a four-year term as treasurer 
of the Academy. Prof. G. Evelyn Hutchinson, Ster- 
ling professor of zoology, Yale University ; and Dr. 
Robley C. Willams, professor of virology and research 
biophysicist, University of California, were elected 
members of the Council of the Academy ın succession 
to Dr. Frederick Seitz and Dr. Harry L. Shapiro. 

Also at this meeting, thirty-five new members were 
elected as follows : 

Prof. H. L. Anderson, director of the Enrico Fermi 
Institute for Nuclear Studies ; 

Dr. A. V. Astin, director of the U.S. National 
Bureau of Standards since 1962 ; 

Prof. N. Bloembergen, professor of applied physics, 
Harvard University ; 

Prof. A. T. Blomquist, professor of organic chemis- 
try, Cornell University ; 

Prof. H. Q. Booker, professor of electrical engineer- 
ing, Cornell University ; 

“Pref. A. C. Braun, professor of bacteriology, 
Rockefeller Institute ; 

Prof. O. Chamberlain, professor of physics, Univer- 
sity of California ; 

Prof. N. R. Davidson, professor of chemistry, 
California Institute of Technology ; 

Prof. W. Feller, Higgins professor of mathematics, 
Princeton University ; 

Dr. Herbert Friedman, superintendent, Atmosphere 
and Astrophysica Division, U.S. Naval Research 
Laboratory. 

Dr. R. Galambos, chief of the Department of 
Neurophysiology, Walter Reed Army Instjtute of 
Rosea rch ; 

Prof. M. Gell-Mann, professor of theoretical physics, 
California Institute of Technology ; 

Prof. D. R. Griffin, professor of zoology, Harvard 
University ; 

Prof. H. 8. Gutowsky, professor of physical chomis- 
try, University of Ilinois ; 

Prof. B. Haurwitz, professor of astro-geophysics, 
University of Colorado ; 

Prof. H. D. Hedberg, professor of geology, Princeton 


University ; 


Prof. K. F. Herzfeld, professor of physics and head 
of department, Catholic University of America, 
Washington, D.C. ; 

Prof. C. I. Hovland, Sterlmg professor of psycho- 
logy, Yale University ; 

Dr. R. J. Huebner, chief of the Laboratory of 
Infectious Diseases, U.S. National Institute of 
Allergy and Infectious Diseases ; 

Dr. A. B. Kinzel, vice-presdent in charge of 
research, Union Carbide and Carbon Corporation ; 

Prof. S. E. Luria, professor of microbiology, and 

Microbiology Committee, Massachusetts 
Institute of Technology ; 

Prof. D. Mazia, professor of zoology, University of 
California at Berkeley ; 

Prof. S. Moore, professor of biochemistry, Rocke- 
feller Institute ; 

Prof. T. T. Puck, professor of biophysics and head 
of department, University of Colorado Medical 
School ; 

Prof. R. W. Sperry, Hixon professor of psycho- 
biology, California Institute of Technology ; 

Prof. W. H. Stein, professor of biochemistry, 
Rockefeller Institute ; 

Prof. W. 8. Stone, professor of zoology and director 
of geno research, University of Texas ; 

Prof. G. J. Stork, professor of chemistry, Columbia 
University ; 

Dr. R. N. Tousey, head of the Rocket Spectro- 
scopy Branch, Atmosphere and Astrophysics Divi- 
sion, U.S. Naval Research Laboratory ; 

Prof. J. B. Wiesner, drrector, Research Laboratory 
of Electronics, Massachusetts Institute of Tech- 
nology ; 

Prof. G. R. Willey, Bowditch professor of Central 
American and Mexican archmology, Harvard Univer- 
sity ; 

Prof. C. M. Willams, professor and chairman, 
Department of Biology, Harvard University ; 

Dr. O. C. Wilson, astronomer, Mount Wilson and 
Palomar Observatories ; 

Prof. ©. N. Woolsey, Charles Sumner Slichter 
research professor of neurophysiology, University of 
Wisconsin ; 

Prof. A. Zygmund, professor of mathematics, 
University of Chicago. 


‘“EIDOPHOR’ TELEVISION TECHNIQUE 


DEMONSTRATION of the ‘“Hidophor’ system of 
. projection television was given during the week 
May 2 by Mesars. Ciba Clayton, Ltd., at 
Belle Vue, Manchester. A. studio was set up in ‘the 
technical service laboratories, and the programme was 
transmitted ‘live’ a distance of 14 miles to Belle Vue 
by micro-wave link. The aim was to demonstrate the 
use of the new system to enable lecture demonstra- 
tions to be given to very large audiences. The 
organizers are to be congratulated; it was a most 
impressive demonstration. 
The essential feature of the ‘Hidophor’ system is a 
special cathode-ray tube which modulates a beam of 


light derived from a high-power xenon arc. In 
principle, therefore, the limit to the size of screen 
used. and the brightness of the picture is set only by 
the light output of the lamp, and not, as in most other 
systems, by the characteristics of the phosphor of a 
projection tube. A screen of up to about 800 aq. ft. 
may be used for black-and-white projection with the 
system in its present state of development; there is 
necessarily some diminution in brightness in colour 
television, but even then screens up to about 200 
sq. ft. may be used. 

It is not proposed to describe in detail the technical 
aspects of the system except to comment first on its 
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extreme ingenuity, and secondly, on the skill and 
patience which must obviously have been used in its 
perfection. The ‘modulator’ 1s a mirror over which a 
thin film of oil is continuously re-formed. The thick- 
ness of the oil film ıs controlled by the electric charge 
pattern on its surface, and this in turn 1s controlled 
by the cathode-ray beam. The variations in thickness 
are used to control the intensity of the light from 
thé source. The idea is simple in conception, but there 
are considerable technical difficulties that have had 
to be surmounted. The ‘Eidophor’ projector may be 
fed by signals from a broadcasting network or from a 
closed-circuit link. The large amount of light avail- 
able makes possible the use of a simple frame-sequen- 
tial colour system, and the demonstration at Belle 
Vue was of this kind. An ordinary television camera 
is used to provide the signals, but a three-colour 
rotating filter is mounted in front of the lens. A 
similar rotating filter—synchronized by special 
signals—rotates in front of the light source in the 
projector. The rate of frame repetition is 75 per sec., 
so that a complete set of three coloured images is 
transmitted in the normal frame-time of one-twenty- 
fifth of a second. The colour quality—though not 
perfect—-was quite adequate for technical demonstre- 
tions. 


INSECTS AND 


TANLEY D. BECK, of the University of Wisconsin, 
has studied the effect of temperature on the 
hibernation of the European corn borer, a species of 
moth that passes the winter not as an egg but as a 
mature larva (Sct. American, 202, February 1960). 
The corn borer is a long-day insect. Generation after 
generation can be reared m the laboratory if the 
cultures are maintained under any of three different 
conditions: 16 hr. of light a day, continuous 
darkness or continuous light. In the absence of 
suitable photoperiod—that is, in continuous light or 
darkness—-temperature has only a slight effect on the 
incidence of hibernation. Similarly, if a batch of 
borer larves are exposed to short photoperiods of 
10 -5-13-5 hr. of light a day, they will go into diapause 
regardless of the temperature at which they are 
reared. At photoperiods of 8-10 hr. and 14~-15-5 hr., 
however, temperature exerts a powerful influence on 
the incidence of hibernation: high temperatures 
tend to prevent it and low temperatures to increase 
it. 

This sensitivity to temperature is unportant m the 
life-cycle of the borer. It explams why two genera- 
tions of them sre produced each season in southern 
corn-growing areas, while only one generation 1s 
produced in northern areas. If photoperiod were the 
only factor governing their reproduction the opposite 
would be expected, because on any given day in 
summer the period of daylight is shorter in the south 
than in the north. The higher temperatures of the 
earlier southern growing-season, however, more than 
compensate for the shorter days. 

In contrast to the silkworm and the aphid, which 
are sensitive to photoperiod only in the early stages 
of development, the borer remains responsive for a 
longer time. Present evidence indicates that it 
becomes senaitive in the later stages of larval develop- 
ment or is uniformly | sensitive throughout the entire 
period of growth. 


NATURE 


June 4, 1960 vo.. 186 
A. series of short lectures was given, starting with a 
technical description of the ‘E:dophor’ by Arthur 
Garratt and followed by three or four demonstration 
lectures of dyeing processes and techniques, including 
paper chromatography. After the lectures the audi- 
ence was invited to ask questions, and these were 
answered from the studio over the television link. 
It was this last feature that demonstrated most 
clearly the fascmating possibilities of large-screen 
television. As research becomes more and more 
concerned with complex apparatus, so lectures with 
demonstrations become more and more difficult 
except for very small audiences. A really good colour 
projector would make it possible for a large audience 
to see and hear lectures with the same comfort aB a 
single person ; 1t is possible, of course, to use close-up 
techniques and even to transmit the mages from 
microscopes and other optical mstruments. The 
‘E:dophor’ system brings this idea into the realms of 
possibility, though as yet, of course, the number of pro- 
jectors available is small and their cost relatively high. 
The demonstration at Belle Vue involved the 
transportation of two large van-loads of equipment 
and a team of Swiss experts to Brita, and clearly 
involved a great deal of work for the organizers ; the 
result certainly justified the effort. C. A. TAYLOR 


LENGTH OF DAY 


Photoperiod affects members of the growing 
generation of corn borers but not their progeny. 
There is no carry-over to the next generation as in 
the silkworm and the aphid. In the corn borer the 
earliest detectable symptom of impending diapause 
is & failure of the reproductive organs to develop. At 
a stage when the sex cells are rapidly maturing m 
borers reared under long photoperiod, these cells 
have ceased to develop m larve reared under short 
photoperiods. The short-photoperiod borers still 
feed and grow rapidly, but the growth of their 
reproductive organs is arrested. Similar gonadal 
arrest has been. observed in a number of other species 
of hibernating insects, including such diverse types 
as boll weevils and Colorado potato beetles. 

In insects, as in higher animals, growth and 
gonadal development are controlled by hormones. 
The ingect growth-hormone has been identified as 
ecdysone, which is produced by glands in the insect’s 
thoracic tissue. Insects m diapsause contam no 
detectable amounts of ecdysone, but if they are 
mjected with it, they soon resume normal develop- 
ment. It appears that the change in photoperiod 
inhibits the production of ecdysone. How this 
inhibition is brought about is not known. Perhaps a 
diapause hormone is responsible, especially in forms 
like the aphid and silkworm. If this is sọ, the insects 
must be sensitive to the hormone only at certam 
times during their lives. 

Another unresolved issue ıs the nature of the 
taming mechanism that enables an insect to dis- 
tinguish between a 16-hr. photoperiod and one of, 
say, 12 or 13 hr. A light receptor is required, 
because the insect must discriminate between light 
and dark to respond to photoperiod at all. Appar- 
ently the eyes are not involved, and the shielding of 
different parts of the insect’s body has not located 
any other organ or nerve ending that is specially 
sensitive to photoperiod. All parts of the body seem 
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equally sensitive. It now seems likely that the 
receptors are either numerous cells scattered over the 
body surface, or that they are the cells of the 
integument itself. 

The quantity of light involved has little to do with 
the photoperiod reaction, so long as the intensity is 
greater than a very low threshold value—usually less 
than, 1 ft.-candle. This suggests that no photo- 
chemical reaction is involved; for the rate of most 
photochemical processes increases with greater light 
intensity. It is possible that a small-scale photo- 
chemical reaction may act as @ trigger; in that case 
the most important cause of the photoperiod response 
would not be the presence or absence of hght, but 
the stimulus produced by the change from light to 
dark, and vice versa. Each 24-hr. day involves one 
change of light to dark, and one change from dark 
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to light, but these changes can provide no more than 
a series of stimuli that start a biological switch: 
Because different day-lengths mduce drfferent 
responses, the switch presumably activates the 
biological clock. The clock measures the changing 
interval between stimul: and regulates the physiology 
of the insect accordingly. 

The existence of such a clock can easily be demon- 
strated in the European corn borer. When a batch 
of borers are reared under photoperiods of 12 hr. of 
light and 12 hr. of darkness, all of them go into 
hibernation. The ratio of light to dark in this case 
is one to one. When an artificial 12-hr. day is created 
with a one to one ratio of six hours of light and six 
hours of darkness, none of the borers hibernates. 
A ‘day’ of at least eight hours of darkness is appar- 
ently required to induce hibernation. 


PAPER CHROMATOGRAPHY: MULTIPLE SPOT FORMATION BY 
PURE SUBSTANCES 


By Dr. A. H. BECKETT, M. A. BEAVEN and Dr. ANN E. ROBINSON 
School of Pharmacy, Chelsea College of Science and Technology, London 


[JORE pharmacologically active amines give more 
than one spot on paper chromatograms in the 
presence of certain acids (unpublished observations). 
Because this phenomenon lacked rationale and has 
important implications in relation to metabolic 
studies, we have examined the paper chromato- 
graphic behaviour of some amines and amine salts 
in detail. Using acidic (and neutral) solvent systems, 
we have shown that double amine spot formation on 
paper chromatograms is dependent on three major 
factors: the relative Ky values of the mdividual 
acids and bases of the salt, the relative concentrations 
of the acids and bases and the relative dissociation 
constants of the added acid and that present in the 
solvent system. 

The chromatographic behaviour of monoacidic 
amines in a water-saturated n-butanol-acetic acid 
solvent system is summarized as follows: a single 
amine spot, having an Ep value simular to that of 
the free base, ıs obtamed when weak acid salts (for 
example, propionates, mandelates, citrates) of many 
amines (for example, adrenalin, codeine, amphet- 
amine, propylamine) are chromatographed. With an 
organic acid salt, in which the organic acid has a low 
pKa (less than 1) and a high Rp value (for example, 
trichloracotic acid pKa 0-65, Rp 0-90), two amme 
spots are obtained unless the amine and acid have 
sunilar Ry values (for example, chlorpromazine tri- 
chloracetate, Hy of the base 0:92) or the amine 18 
very insoluble in water (for example, analgesics based 
on the piperidine structure’). Of the two amine 
spots, one has an Rp value corresponding to that of 
the free base while the other is associated with the 
acid spot. The position of the latter amine spot 18 
dependent upon the Rp value of the acid. Thus, the 
separation of the amine into two spots and their 
relative positions is dependent on the relative Ry 
values of the components. The results for various 
amine trichloracetates are represented diagrammatic- 
ally in Fig. 1. 

With salts showing double amine spot formation, 
chromatography of the salt in the presence of an 
excess of the acid results m a greater proportion of 
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Big. 1. Chromatograms of amine trichloracetates (about 20 3 
run in n-butanol-acetis acid-water (4:1:5) on Whatman No.1 
paper. is not shown. 1, nortadrenalin; 2, sdrenalm, 
8, propylamine and codeme; 4, mine, 5, 8-phenylethylamine; 
6, ephedmne and amphetamine; 7, papaverine ; 8, chlorpromazme 


the base becoming located in the spot associated 
with the acid. A single amine spot is obtained if a 
sufficient quantity of acid is used, the amount of 
acid reqwred bering dependent on the difference 
between the Rp values of the individual components. 
However, amines of low Rp value (for example, 
noradrenalin and adrenalin, Ry 0:34 and 0:42) 
always formed two amine spots in the presence of 
trichloracetic acid even using a twenty molar excess 
of the latter. Increasing the acid concentration also 
results in the Ry value of the amine spot associated 
with the acid approaching that of the free acid, 
whereas the Ry value of the second amine spot (if 
still present) is analogous to that of the free base. 


776 


Tailing between the two base spots was most 
marked where the Rp values of the components were 
widely separated and with the salts of weaker acids. 
It became less obvious if smaller amounts of the 
-amines were applied to the paper when discrete spots 
may be obtained, that is, the detection of tailing is a 
function of reagent sensitivity. 

Salts of bases and organic acids in which the Rp 
value of the free base is greater than that of the free 
acid yield a single amine spot associated with the 
acid, unless the Hp values of the components are 
widely separated (for example, N-phenethyl 3-methyl 
4-(o-tolyl)4-acetoxypiperidine trichloracetate Rp of 
the base is 1-0) when complete acid/base separation 
occurs. Hxamples are ephedrine maleate (Rp 0-77 ; 
ephedrine, Rp 0-76; maleic acid, Rp 0-71) and 
ephedrine picrate (Ry 0-88; picric acid, Ry 0-74). 
In contrast, propylamine maleate yields two amine 
spots (Ry 0:56 and 0-67 with tailing in between ; 
propylamine, Rp 0-59). 

Although double amine spot formation depends 
partly upon the relative dissociation constants of the 
acids present in the salts and in the solvent, the 
proximity of the My values of the acids and bases 1s 
the governing factor with the salts of weaker organic 
acids (pKa values of 1-3). If the difference between 
the Ry values of the acids and bases is small, two 
amine spots are obtained (for example, propylamine, 
isoprenaline and phenylethylamine dichloracetates, 
Rp values of the bases are 0-59, 0-60 and 0-73, 
respectively, and the Hy value of dichloracetic acid 
is 0:83. Complete separation of the base from the 
acid, with consequent single amine spot formation, 
occurs if the Ry values of the acid and base are 
widely separated (for example, noradrenalin and 
adrenalin dichloracetates). 

The shapes and Ry values of amine spots are 
modified by inorganic acids such as sulphuric and 
hydrochloric acids (Ry 0-39 and 0-38, respectively). 
Elongated amine spots are produced by the sulphates 
and hydrochlorides of noradrenalin and adrenalin; 
the acid spots overlap those of the bases. Using 
excess of sulphuric acid but not hydrochloric acid 
both these substances formed spanner-shaped amine 
spots; the acid was located ın the cup and also 
overlapping the base of the amine spot. Amines of 
intermediate Rp values (for example, propylamine) 
formed inverted crescent-shaped spots at the base of 
the main acid spot in the presence of an excess of a 
mineral acid. Complete acid/amine separation 
occurred with the sulphates and hydrochlorides of 
phenylethylamine and atropine (Ry 0-78) and normal 
amine spots were obtained. In contrast, phenyl- 
ethylamine and ephedrine dissolved in an excess of 
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trichloracetic acid produced crescent-shaped amine 
spots at the apices of the acid spots while, under 
the same conditions, codeine (Ry 0:57) and iso- 
prenaline appeared as half-moon-shaped spote in the 
upper area of the acid spots. 

Ghost spots? were observed with all phenolic 
amines in the presence of excess of any of the stronger 
acids. 

In a neutral solvent system (water-saturated 
n-butanol) al except the more volatile acids pro- 
foundly affected the Ry values of the amines ; 
acid/base separation of the salts occurred, but to 
a lesser extent than in the acidic solvent. If the 
Ep values of the base and acid were close (and 
the Rp value of the latter was greater than that 
of the former) one amine spot, associated with 
acid, was detected having an Ry value similar 
to that of the acid. With a greater difference between 
the fy values of the individual components two 
amine spots were produced, whereas, with widely 
varying fy values, complete acid/base separation 
occurred and a single amine spot was observed. 

Using a basic solvent system (water-saturated 
n-butanol—~ammonia) the Ry values of the amines, as 
expected, remained unchanged in the presence of 
any of the acids tested. 

Multiple spot formation is not necessarily indicative 
of the presence of different substances. The pr 
work re-emphasizes that reference substances and 
unidentified materials must be chromatographed 
under identical conditions, if valid deductions are to 
be drawn. This is particularly important with 
amines in biological extracts which may also contain 
certain organic acids, or to which trichloracetic acid 
has been added. Even when free bases are liberated 
with alkali and extracted and chromatographed, the 
presence of trace amounts of acid or salts carried 
over during extraction can cause multiple spot 
formation from single substances. Similar remarks 
also apply to the chromatographic examination of 
acids in basic solvents. 

Thus the chromatographic investigation of the 
metabolism of basic drugs may readily yield more 
spots than there are metabolites if strongly acidic 
compounds are also products of metabolism. The 
addition of bases (for example, ephedrine) to urine, 
for example, may yield more than one base spot in 
neutral running solvents because of the presence of 
acids. 

This and related work with other systems will be 
described in detail elsewhere. 


1 ae ek tn ae A. FE., and Kirk, G., J. Med. Pharm. Chem., 
2 Hanes, O. S., and Isherwood, F. A., Nature, 164, 1107 (1949). 


DISPROPORTIONATION AND DIMERIZATION OF THE BENZYLOXYL 
FREE RADICAL IN SOLUTION 


By Dr. J. B. de SOUSA 
University of Malaya In Kuala Lumpur 


LTHOUGH the mutually competitive processes 
of disproportionation {1) and dimerization (2) 
of alkoxyl radicals : 


2RCH,0 -—> RCHO + RCH,OH 
2RCH,O —— > RCH ,O—OCH,R 


(1) 
(2) 


S. K. HO 
University of Hong Kong 


have been much discussed from the thermochemical 
pomt of view}? actual evidence in support of (1) and 
(2) is somewhat scanty. 

Disproportionation for various alkoxyl radicals is 
regarded as a highly exothermic process. Gray! has 
assigned enthalpies in excess of 80 k. cal. mole-}, and 
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activation energies are expected to be very small or 
zero. Reaction (1) has been postulated to explain 
certain features of the decomposition of diethyl 
peroxide in presence of ethyl nitrite and nitric oxide’. 
The presence of benzaldehyde in the decompositions 
of benzyl nitrite and dibenzyl hyponitrite m solution 
has been considered by Gray? as evidence for dispro- 
portionation. However, this must await a kinetic 
study in order to ascertaim the importance of induced 
reaction which may also yield benzaldehyde by the 
following reactions : 


No 4727 


R.. + PhCH,O—N = N—OCH,Ph 

or are fee 

PhCHO—N = N—OCH,Ph 
PhCHO—N = O 


——> 


————e 


Wijnen‘ has considered evidence for disproportion- 
ation of methoxyl radicals in the photolysis of methyl 
— d, acetate at 30° and 90°. 

At these comparatively low temperatures no 
evidence to support reaction (2) was available. 
Evidence for dimerization in solution is quoted for 
the 3-phenyl propan-3-oxyl radical by Gray! and 
Walling? : 

e 

$Ph—C(Me), — O -——-» (Ph—CMe,—0), (5) 
The work actually referred to is that of Kharasch 
ef al.*, who themselves doubt whether the peroxide 
is formed by dimerization. This case should be 
favourable to dimerization as competition from 
disproportionation 18 absent. Dimerization should be 
exothermic to the extent of 35-40 k. cal. mole-'. 
The kinetics of thermal decomposition of dibenzyl 
hyponitrite ın solution has been studied by us. The 
decomposition 18 first-order for at least 75 per cent of 
complete reaction. Induced reaction 18, however, 
evident as the rates are lowered by presence Of inhibi- 
tors such as quinones, and vinyl monomers. At 
sufficiently high concentration of p-benzoquinone 
the rate becomes independent of quinone concentra- 
tion and the decomposition 18 first-order throughout 
the range of accurate observation (more than 90 per 
cent decomposition). The activation energy for this 
first-order decomposition is 24:9 + 0-25 k. cal. 
mole~?, This low value suggests a simultaneous 
rupture of both O—N bonds resulting in the elimina- 
tion of a nitrogen molecule and the formation of two 
benzyloxyl radicals in a ‘cage’?. Dibenzyl hyponitrite 
is known to polymerize methyl methacrylate’. We 
also have evidence to support radical intorme- 


Table 1. PRRORNTAGE YIELD OF BENZALDEHYDE IN THE DECON- 
POSITION OF DIBBNZYL AYPONTTRITH IN cyclo AXANE aT 40° C. 










Concentration of solution 


(mole/1.) Por cent C,H,CHO 


0 000500 
0 000103 
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RH + PhCHO—N = N—OCH,Ph 
; or (3) 
Ph—CHO—N = O 7 
PhCHO -+ N, + PhCH,O- 
PhCHO + NO 


distes in the decomposition of dibenzyl 


hyponitrite 
in solution : Te 


PhCH,O—N = N—-OCH,Ph —+ 2PhCH,O > + Ñ; (6), 


The products isolated from solutions were benzalde: 


hyde (as 2: 4-dinitrophenylhydrazone) and benzyl 
alcohol (as 3: 5-dinitrobenzoate) in high percentage 
yields. In cyclohexane solutions the benzaldehyde 1s 
readily detectable by its maxima at 249, 276 and 
285-5 mp. At 385 56 mu benzaldehyde absorbs 
strongly (¢=1,000) whero- 
as benzyl alcohol absorp- 
tion 18 negligible (e = 2) 
and this maximum was 
used for quantitative 

analyses for benzaldehyde. 
(4) As the induced reaction 

is a second-order reaction. 

it should be less important 
at high dilutions whereas the ‘cage’ reactions are 
independent of concentration. <A study of benz- 
aldehyde yield for various concentrations ig shown 
m Table 1. 

The yield drops from 65 per cent at 0-1 M to 50 per 
cent at 0 001 M and remains stationary thereafter 
to the extreme dilution studied of 0-0001 M. The 
high and constant yield of benzaldehyde at high 
dilutions strongly supports the formation of benzalde- 
hyde solely by a ‘cage’ disproportionation. A pair of 
benzyloxyl radicals formed in a ‘cage’ by decomposi- 
tion of a molecule of dibenzyl hyponitrite may under- 
go disproportionation, dimerization or separate by 
diffusion. Benzaldehyde may thus be formed through 
a reversible fission of dibenzyl peroxide if any 18 
formed. The half-life of dibenzyl hyponitrite at 
35° in cyclohexane 18 2°46 hr. 

Dibenzyl peroxide does not appear to be known ; 
1t should have approximately the same half-hfe as 
comparable peroxides. In solution di-a-cumyl 
peroxide would have a half-life of 1-26 x 10 hr. 
at 35° (by extrapolation)*. Thus at 35° it would 
appear that benzaldehyde should be formed directly 
from the disproportionation of benzyloxy] radicals 
generated by the parent hyponitrite. 

A study of the rate of appearance of benzaldehyde 
in cyclohexane solutions using the 285 5 my maximum 
was attempted. The optical density increased rapidly 


_ though the kinetics were not strictly first-order. 


This may be due to the fact that dibenzyl hyponitrite 
has a small but finite absorption at 285 5 my (e = 20). 
Half the final yield of benzaldehyde. is formed in 
2:75 hr. This compares with 2-46 br. for the half- 
hfe of dibenzyl hyponitrite in cyclohexane at 35°. 
After several half-lives at 35° the yield of benzalde- 
hyde remains constant (Table 2). 

Thus the yield after 96 and 151 hr. at 35° is the same 
(49 per cent), indicating that dibenzyl peroxide if 
present does not appear to give benzaldehyde in this 


Table 2. BENZALDEHYDE ANALYSES (IN DUPLICATE) FOR 0 00076 M 
SOLUTIONS OF DIBHEN“YL HYPORITRITH IN cyeloHRXANE AFTER 
DQOMPOSITION 


Optical density 


Sample Average} C,H,0HO 


96 hr. at 85° 


06 hr. at 85° -+ 65 hr 
at 85° 

96 hr. at 35° + 65 hi. 
at 100° 
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-period of time. However, subjecting solutions which 
had undergone decomposition for 96 hr. at 35° to a 
further 65 hr. at 100° C. (where the calculated half- 
life of dibenzyl peroxide is 55 hr.) increased the yield 
of benzaldehyde by 5 per cent. The reverse of reaction 
(2) followed by disproportionation (1) is indicated. 

It appears that benzyloxyl radicals undergo dis- 
proportionation and dimerization in a ‘cage’, and 
their relative rates may be thus studied. Experi- 
ments are being undertaken aimed at isolation of 
dibenzyl peroxide as well as detection, product and 
kinetic studies by gas chromatography and infra-red 
spectroscopy. 
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SYNTHETIC POLYELECTROLYTES AS TUMOUR INHIBITORS 


By Dr. WILLIAM REGELSON, STEPHAN KUHAR and MARVIN TUNIS 
Roswell Park Memorial Institute, Buffalo, New York 
AND 
JOSEPH FIELDS, JOHN JOHNSON and EARL GLUESENKAMP 
Monsanto Chemical Company, Dayton, Ohlo 


NIONIC polysulphonates and polyphosphates 

of either natural or synthetic origin have been 
shown to be potent inhibitors of transplanted tumours 
in mice’*. This inhibition of tumour growth may 
conceivably be a function of the density and distribu- 
tion of ionic charges within the polyelectrolyte 
molecule. To test this hypothesis, the tumour- 
inhibiting properties of synthetic polymers of varied 
charge-densities were studied. 

Two classes of synthetic polymers were chosen: 
polycarboxylates derived from ethylene/maleic anhy- 
dride copolymers and those derived from polyacrylic 
acid. (For convenience, in the ethylene/maleic anhy- 
dride copolymer (EMA) series, hydrolysed (free 
carboxyl) form is abbreviated HEMA and the am- 
moniated (amide-acid form) is noted as AKMA.) 
The charge-density and solution configuration of 
these compounds were varied over a wide range, by 
proper choice of substituents on the backbone of 
the molecule and by substitutions on the carboxyl 
groups. In the ethylene/maleic 
anhydride copolymers, functional 


groups are attached to imme- ee. 


Krebs 2 carcinoma, leukemia L-1210 and carcinoma 
755, maintained and tested in appropriate host 
strains*. 7 
Sarcoma 180, Krebs 2 carcinoma or leukemia 
L-1210 ascites tumour cells, grown for 6-7 days in 
the donor mouse, were injected subcutaneously into 
the flank of test animals as a 0-2-ml. suspension of 
approximately 5,000,000 cells. Non-necrotic solid 
sarcoma 180 or carcinoma 755 tumour, 6-14 days 
old when transplanted, was placed by trocar into the 
flank of the appropriate host as a fragment approxi- 
mately 2 mm. in diameter. Solid tumour, derived 
from either solid tumour or subcutaneously placed 
ascites cells, responded in essentially the same manner 
to HEMA and AEMA. In all experiments, mice were 
uniform with respect to sex, age and weight. They 
were allocated at random 3-5 to & cage. imi 
experiments in which several levels of the drugs were 
tested in groups of Swiss mice served to establish 
the minimal lethal doge of drug when given in six 
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diately adjacent carbon atoms of t H H 

the ethylene backbone, whereas paua Ry 

in the polyacrylic copolymers func- a Wied 
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on the growth of transplanted si il E 

tumours in mice is reported in this 
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was the tumour uged. Additional 
experiments were conducted with 
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INHIBITION OF SUBCUTANEOUS SARCOMA 180 


daily doses. The final experimental groups consisted 
of a minimum of 10 mice. 

Solutions of the compounds to be tested were 
prepared in isotonic saline and stored in the cold. If 
necessary, DH was adjusted to approximately 7 by 
titration, with dilute sodium hydroxide. 

Treatment consisted of a single daily intraperitoneal 
injection of 0-5 ml. of drug solution, beginning 24 hr. 
after tumour inoculation. Injections were given for 
6 days and animals killed the eighth day after tumour 
inoculation. The same method was followed with 
carcinomas 755 except that the tumour was permitted 
to grow for 7 days prior to start of treatment. Each 
tumour was removed by dissection, weighed and com- 
pared with the tumour-weight of saline-treated 
control animals. 

Experiments in which more than one- third of the 
treated animals died were not considered valid. 
Using this criterion of validity, consistent inhibition 
of sarcoma 180 from 50 to 83 per cent was noted in 
41 consecutive experiments with AEMA of different 
molecular weights. In 19 of these experiments, no 
animals died. Thus, tumour inhibition is not neces- 
sarily a manifestation of non-specific toxicity. For 
the remaining 33 compounds, single experiments are 
presented. In 23 of these experiments, inhibition of 
sarcoma 180 tumour growth of 50 per cent or more 
occurred. Other experiments at different dose-levels 
with each of the 33 compounds confirm the general 
order of tumour inhibitory activity, usually with 
excessive toxicity when the dose was 

Body-weights were recorded at the beginning and 
end of each experiment. For all experiments, total 
gain in body-weight of the control mice averaged 
3-9 gm. and that for the treated mice 1-9 gm. Loss 
of weight was found in only 8 out of 64 experiments 
where the inhibition of sarcoma 180 was 50 per cent 
or greater, and in only 3 of these experiments did the 
losses exceed 10 per cent of the pre-treatment weight. 

Survival-time in mice bearing ascites tumour was 
determined after intraperitoneal inoculation of a 
uniform suspension containing approximately 
2,000,000 ascites tumour cells. 24 hr. after tumour 
inoculation, AEMA or HEMA was given for six 
consecutive days either intraperitoneally or sub- 
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cutaneously. Survival-time of these mice was 
contrasted with control mice treated in similar fashion 
with salme. : 

AEMA (mol. wt., 2-3,000 and 20-30,000) given 
intraperitoneally to mice with Ehrlich ascites tumour 
clone 2 or leukzmia L-1210 ascites and AEMA and 
HEMA (mol. wt., 20-30,000) given subcutaneously 
to mice with leukemia L-1210 ascites and Krebs 2 
carcinoma ascites did not increase survival-times. 

Results in Tables 1 and 2 are presented as the 
average per cent inhibition of sarcoma 180 determined 
at dose-levels which range from just legs than the 
minimal lethal dose to a dose which kills no more 
than one-third of the animals. 

Table 1 includes the followmg maleic anhydride 
copolymers: the dicarboxylc acid—HEMA, the 
ammonium salt of AEMA, the amide-acid form of 
AEMA, the EMA diamide and hydrolysed and amid- 
ated propylene and tsobutylene maleic anhydride. 
Molecular weights ranged in five groups from approxi- 
mately 2,000 to 120,000 as estimated from meagure- 
ments of solution viscosity. Where possible, each 
compound was tested for inhibitory activity in each of 
the five weight ranges. 

It appears that at least one ionizable carboxyl 
group 1s required for the polymers to manifest 

t tumour inhibition. The diamide of EMA 
showed a much lower order of both inhibitory activity 
and toxicity than HEMA or AEMA. Lethality of the 
dicarboxylic acid HEMA increased as the molecular 
weight increased up to 80-100,000. The dicarboxylic 
acid propylene and ¢tsobutylene copolymers tested 
were more toxic, and less active as tumour inhibitors 
against sarcoma 180 than the corresponding half- 
amide acid compounds. 

Analogous results for polyacrylic acid, polymetha- 
crylic acid, and polyacrylamide are presented in 
Table 2. In this series, also, the completely amidated 
product was not significantly effective as a tumour 
inhibitor and was much less toxic than carboxyl- 
containing compounds of similar molecular weight. 
In general, tumour inhibition by polymers of this 
series was similar to that of corresponding polymers 
of the series shown in Table 1. Based on the results 
obtained, the difference between the two series in 
position of carboxyl groups on the ethylene backbone 
does not alter greatly the tumour-inhibiting property 
of the compound. 

Fig. 1 presents a comparison of the inhibiting action 
of low molecular weight (2--3,000) HEMA and AEMA 
against several tumours. At equivalent doses, 
monocarboxylic AEMA copolymer was effective 
against sarcoma 4180, leukwmia L-1210, Krebs 2 
carcinoma and carcinoma 765. Dicarboxylic HEMA 
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Fig. 2. Inhibition of sarcoma 180 by monomeric fragments of 
the cthyiene/maleis anhydride series 


copolymer mhibited only sarcoma 180. This same 
pattern. of inhibition was observed for AEMA and 
HEMA in molecular weight ranges of 20-30,000 and 
60—70,000. AEMA thus showed a broader spectrum 
of tumour inhibition than HEMA and is the more 
potent inhibitor of sarcoma 180 at equitoxic doses. 
(A comparative study with analogous derivatives 
in the acrylic acid series 1s bemg completed.) 

The corresponding monomeric fragments of HEMA 
and AEMA such as succinic acid, succinamic acid, 
auccinimide and  succinamide, administered at 
levels of 1,000-3,000 mgm./kgm., did not show signifi- 
cant inhibitory activity against sarcoma 180 (Fig. 2). 
These results indicate the necessity for the polymeric 
structure m producing the observed tumour inhibition. 

Tumour inhibition for the two polymer series 
reported (completely carboxylated and carboxyl- 
carboxamide types) was strongly dependent on 
carboxyl substitution, which varied molecular con- 
figuration in solution. Within each series, charge- 
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density is one factor which may govern tumour- 
inhibiting effectiveness and toxicity. 

Optımum activity was obtamed in the series where 
carboxamide and ionizable carboxyl groups were 
interdispersed on the polymer backbone. When 
all carboxyl groups are converted to carboxamudes, 
significant tumour inhibition was lost. In addition, 
proper carboxamide—carboxyl balance broadens the 
scope of activity against a variety of transplanted 
tumours. Within this series, amide-acids of either 
ethylene, propylene or stsobutylene maleic anhydride 
copolymers exhibited equivalent tumour inhibitory 
activity at equitoxie dose-levels. 

For the completely carboxylated polymers those 
of weaker degree of ionization (hydrolysed propylene 
and tsobutylene maleic anhydride copolymers) were, 
in general, less active than those of higher charge- 
density (HEMA, polyacrylic and polymethacrylic 
acids). 

The results of our studies support the hypothesis 
that tumour inhibition by polyelectrolytes may be a 
function of charge-density and distribution on the 
polyelectrolyte molecule. The inactivity of the 
monomeric fragments tested indicates the necessity 
for the polymeric structure. 

Synthetic polyelectrolytes not only inhibit trans- 
planted tumours but also certain vital enzymes such 
ag ribonuclease and deoxyribonuclease*,*. The 
exact mechanism for these effects is not known. _ The 
variation which is possible in the physico-chemical 
characteristics of synthetic polyelectrolytes permits 
us empirically to define certain properties contributing 
to tumour inhibition. Predictable reactions between 
synthetic polyelectrolytes and selected biological 
systems may eventually be possible by consideration 
of physico-chemical characteristics of the synthetic 
and the naturally occourrmg polyelectrolytes. 

This investigation was supported by research 
grants, O Y-3887, from the National Cancer Institute, 
National Institutes of Health, Public Health Service, 
and the Monsanto Chemical Company. 
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EFFECT OF OXYGEN AND NITRIC OXIDE ON THE RADIOSENSITIVITY 
OF HUMAN CELLS IN TISSUE CULTURE 


By Dr. D. L. DEWEY 


British Empire Cancer Campalgn Research Unit In Radiobiology, Mount Vernon Hospital, 
Northwood, Middlesex 


HE sensitivity of cells to radiation can be 

measured by several different criteria. From the 
point of view of radiotherapy of cancer, the relevant 
criterion is a loss of reproductive integrity, that is, 
the loss of the ability of the cell or its descendants 
to go on multiplying indefinitely. The work of 
Puck and his collaborators has shown that it is 
feasible to measure this form of radiation damage to 
human. colla in tissue culture by observing the fraction 
of cells that survived, in that they were able to go on 


dividing and growing to form a visible colony. The 
radiation procedure used by Puck and Marcus! had 
the disadvantage of an uncertainty in dose, due to the 
close proximity of the cells to a glass surface’. This 
article reports the results obtained by an alteration 
of procedure that eliminates the glass surface, and at 
the same time permits an accurate control of the 
oxygen tension in the surrounding medium. 

The cells used in this work were from human liver, 
obtained in tissue culture by Westwood’ and kindly 
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supplied tò me by Dr. F. Sheffield. They were grown 
in closed bottles containing Earle’s salt solution, 
lactalbumin hydrolysate, tryptic meat broth, serum, 
glucose, antibiotics and bicarbonate—the mixture 
having been pre-gassed with carbon dioxide. Before 
irradiation they were removed from the glass surface 
by incubating with 0-5 mM ethylene-diamine- 
tetraacetic-acid disodium salt for 15 min., then pipetted 
rapidly to break up clumps. One fraction of the 
suspension was used for microscopical examination 
for total cell-count and for a check against clumping. 
Other fractions were added immediately to phosphate- 
buffered media in which the bicarbonate had been 
omitted and replaced by 8 per cent by volume of 
buffer at pH 7:4, made by adding 4 volumes of 
0-154 M disodium hydrogen phosphate to 1 volume 
of 0-154 M sodium dihydrogen phosphate. 

The cells were irradiated ın suspension m phosphate 
buffer ın a ‘Perspex’ (‘Lucite’) vessel. The solution 
was bubbled with the gas under test as fast as foaming 
would permit, for at least 5 mm. before, and during 
irradiation. The radiation used was from a Siemens 
‘Motalix’ X-ray tube operated at 200-kV. constant 
potential, 8 m.amp, and filtered by 0:5 copper + 
0-5 mm. alummium. The cells were irradiated at 
room temperature, at a dose-rate of about 600 r./min. 
0-1 ml. samples of cell suspension were withdrawn 
from the vessel before and after irradiation, diluted 
as fecessary, and aliquots placed in closed bottles 
contaming bicarbonate medium, carbon dioxide and 
an actively metabolizing X-rayed ‘feeder layer’. 
Colonies were counted after 10 days mcubation at 
37° by scanning the bottle under the low-power 
objective of a microscope. A ruled grid was placed 
over the surface of the bottle during counting to 
ensure that the surface was scanned once, and only 
once. 

The effect of X-rays on the viability of cells sus- 
pended in media gassed with oxygen, nitrogen, and 
0-275 per cent oxygen in nitrogen, 18 shown in Fig. 1. 
The errors shown represent only the statistical error 
of counting and therefore under-estimate the total 
error of each point. The lines are the regression lines 
determined by ‘least-square’ analysis after giving 
each point a weight determined by the number of 
cells counted. The air value at 18-3 per cant survival 
was the first result to be obtained. Since a slightly 
different geometry was used during this run, the result 
has been omitted from the statistical calculations. 
The point itself has been included in the figure for 
completeness. The points for air and for 100 per 
cent oxygen were not significantly different, and both 
sets were put together in the regression analysis. 
The slope of the air-oxygen line corresponds to a 
37 per cent survival dose of 118-8 + 3-9 rads, and that 
of the nitrogen line to a dose of 263-1 + 16-6 rads. 
Thus the oxygen—nitrogen ratio m is 2:2 

Alper and Howard-Flanders‘ found that the sensi- 
tivity of bacteria to X-rays at different oxygen 
concentrations could be fitted by the equation : 


where S, 18 the radiosensitivity in the absence of 
oxygen (= 1/D,, dose for nitrogen). S is the radio- 
sensitivity at oxygen tensions (O,) and m and K are 
constants. The same equation was found to apply 
for Ehrlich ascites cells by Deschner and Gray’. 
If these human cells are assumed to obey this equa- 
tion, then K = 8-5 umoles/l., the same order of 
magnitude as was found for bacteria (7:8) and for 
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mouse tumour cells (5 + 2). A value of 4-2 has also 
been reported for bean roots poisoned with cupferron. 
The plating efficiency varied between 40 and 70 per 
cent from one experiment to another, but was remark- 
ably constant over all the controls in any one experi- 
ment. The experimental procedure alone, including 
filling the irradiation vessel, gassing with nitrogen 
for the longest periods used, and all other operations 
except switching on the X-ray set, gave the same 
survival as controls which were not subjected to these 
procedures. 

During the cell count a record was also kept of the 
number of cells in the counting field that appeared 
to be touching one another. This was usually about 
10 per cent of all cells counted, and is the sum of cells 
actually stuck together and cells which happen to be 
lying very close to one another. In the worst case, 
in which this proportion of cells remained in contact 
throughout the experiment, then the error from this 
cause would be 5 per cent, or about equal to the 
counting error. In fact the cells, when plated in 
bottles, are a thousand times more dilute than in the 
cell-counting chamber. Thus, the error due to cell 
clumping would be expected to be very much less 
than the statistical errors indicated in Fig. 1. The 
irradiated cell suspension was relatively duiute, 
between 10! and 10! metabolizing cells per ml. 
The total oxygen consumption of the cells would not 
make a measurable difference to the oxygen tension 
of the medium, during irradiation in oxygen or air. 
On. the other hand, no help from the cells can be 
expected during equilibration with nitrogen for the 
anoxic radiations. Any error here would tend to 
make the value of m too small, and K too large. In 
order to assess the magnitude of these errors, aliquots 
of the equilibrated anaerobic solution were transferred 
to a Hersch cell? and the residual oxygen measured. 
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Fig. 1. Survival of human liver cells after 200-kV. X-rays during - 

equilfbration with oxygen, „air @, nitrogen [L] and 0-275 pei sent 

oxygen in nitrogen A. The lines are the on lines determined 
by ‘least-square’ YaIs 
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Fig. 2. Survival of human liver cells after 200-KV, X-rays aung 
oquhlbraton with 10 per cent nitro oxide in nitrogen. The 
oxygen and nitrogen lines are inchided for reference 


These results indicated that the oxygen remaining 
in solution corresponded to equilibration with about 
100 parts/million oxygen in the gas phase. Accurate 
measurement was made difficult by the foaming 
nature of the liquid; but if an upper limit of 275 
parts/million is assumed then the corresponding 
value of m would be 2-4 and K would be 7-7 umole/l. 
The feeder layer was made by giving bottles, contain- 
ing a thick layer of growing cells, an exposure dose 
of 1,320 r. of 200-kKV. X-rays. The medium was 
then. poured off, the cells detached from the glass 
with oethylene-diamine-tetraacetic acid disodium 
salt, diluted in fresh bicarbonate medium and dis- 
pensed in clean bottles. The final concentration was 
about 10° cells per bottle. By extrapolating the air 
inactivation curve of Fig. 1, and applying the correc- 
tion used by Morkovin and Feldman? for increased 
radiation-dose due to the proximity of the glass 
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surface, then one colony in 10? bottles would be 
expected. This would introduce a neghgible error. 

The effect of adding 10 per cent nitric oxide during 
strict nitrogen anoxia is shown in Fig’ 2. The lines 
are the oxygen and nitrogen lines from Fig. I and 
are included for reference. The conclusion from 
this experiment is that nitric oxide appears to act m 
a way similar to oxygen in sensitizing these human 
cells to X-rays, a phenomenon already found for 
bactenia by Howard-Flanders®, for bean roots by 
Kiblman’®, and for Ehrlich agcites cells by Gray, 
Green and Hawes’. In dry systems nitric oxide 
acts in the opposite sense, in that it protects anaerobic 
spores of Bacillus megaterium! and dry seeds of 
Agrostis stolonifera4™ against damage by X-rays. 
The overall result is that with respect to the influence 
of oxygen and nitric oxide on radiosensitivity, human 
cells in tissue culture behave in a way similar to most 
other types of cell which have been studied. It is 
not suggested that cells in tissue culture are identical 
with those in vivo, or that results obtained by inacti- 
vating cells in culture can be applied indiscriminately 
to cells tn vivo. The process of obtaining cells in 
tissue culture is by nature one of specifically 
selecting those cells best able to grow under those 
conditions supplied. 

Nevertheless, the results reported here bear a 
striking resemblance to the results of irradiati 
loukwmia cells tn vivo in live and dead mice zepartefi 
by Hewitt and Wilson! and interpreted by them as 
the aerobic and anaerobic sensitivities. 

I am indebted to Dr. Alma Howard for making the 
cell counts ; to Dr. J. W. Boag, and Dr. R. E. Steele 
for help in the dosimetry; to Dr. L. H. Gray for 
suggesting the work and for encouragement and help, 
and to Mr. J. Steadman and Miss J. Liddon for 
technical assistance. 
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INFLUENCE OF CERVICAL SYMPATHECTOMY AND PITUITARY STALK 


SECTION UPON MILK SECRETION 


IN GOATS 


By G. B. TVERSKOY 
l. P. Pavloy Institute of Physlology of the Academy of Sciences of the U.S.S.R., Leningrad 


HE hormones of the adenohypophysis play an 

important part in control of milk secretion. 
During some days after the operation, hypophysec- 
tomy causes & cessation of lactation in spite of an 
injection of oxytocin—a neurohypophysis hormone, 
which stimulates milk ejeotions*. The control of the 
hormone-forming function of the adenohypophysis 
stimulating milk secretion is not yet quite clear. 


Very little is known sbout the role that the sympa- 
thetic mnervation of the adenohypophysis and the 
nervous and vascular tracts of the pituitary stalk are 
taking in the control of the hypophysis function 
stimulating milk secretion. It was therefore con- 
sidered desirable to examine the influence of cervical 
sympathectomy and pituitary stalk section upon 
milk secretion in goata**. 
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Influence of Cervical Sympathectomy on Milk 
Secretion 


In order to analyse the part the sympathetic inner- 
vation of the adenohypophysis is playing in control 
of milk secretion, the influence of a bilateral cervical 
sympathectomy upon the secretory process in the 
mammary gland was studied in an experiment with 
eight goats. Cervical sympathectomy was performed 
in two stages at an interval of one month. At each 
stage the upper and the middle cervical sympathetic 
gangha were extirpated from one side, and a piece 
2-3 cm. long was cut from the vertebral nerve at the 
pomt of its leaving the stellate ganglion. In two 
goats the stellate ganglia were extirpated from 
both sides mstead of an extirpation of vertebral 
nerves. The common carotid artery and the jugular 
vein in the cranial part of the cervix were stripped 
of their adventitia along 3-3-5 cm. and the vascular 
walls were carefully treated with 5 per cent aqueous 
and alcoholic carbolic acid solutions. Two goats 
underwent a 2-stage control operation of cervical sym- 
pathectomy. Cervical sympathetic ganglia of these 
animals were not extirpated but only exposed. 

A unilateral cervical sympathectomy led to a 
moderate and short decrease in milk secretion. For 
10 days after the first operation stage the average 
amount of milk given by sympathectomized animals 
vas 76-3 per cent of the initial level, while with 
control-operated goats it was 92:2 per cent. The 
initial level of milk secretion was achieved after the 
first operation stage both in control-operated goats 
and in most of the sympathectomized ones 20-30 
days after the operation. 

The extirpation of the cervical sympathetic chain 
from the other side led to a much more profound 
and prolonged inhibition of milk secretion. During 
the first 10 days after the second operation stage the 
average amount of milk given by sympathectomized 
goats averaged 59-7 per cent of the initial level, while 
with control-operated animals it was 90-5.per cent. 
Further, a gradual increase of milk secretion was 
recorded ; but the milk secretion in sympathectom- 
ized goats increased extremely slowly. After the 
recond operation stage, the average daily amount of 
milk given by sympathectomized goats in stall 
conditions (the animals kept on the same ration as 
that before the operation) was 80-8 per cent of the 
initial level, while with the control-operated animals 
it was 103-4 per cent. Transferring the goats to 
pasture resulted in an increase of milk secretion in all 
animals. However, in pasture conditions also the 
amount of milk secretion in sympathectomized goats 
(104-6 per cent of the initial level) was lower than in 
control-operated ones (136-0 per cent). 

The above results show that bilateral cervical 
sympathectomy resulta m a significant and prolonged 
inhibition of milk secretion. 

Together with a desympathization of the adeno- 
hypophysis the cervical sympathectomy causes a 
desympathization of the neurohypophysis, the tby- 
roid and parathyroid glands**, the hormones of 
which play an important part in the control of the 
motor and secretory function of the mammary gland. 
Special experiments on the measurement of the 
amount of the residual milk before and after the 
sympathectomy showed that a desympathization 
of the neurohypophysis does not cause such distur- 
bances of the milk-ejection reflex, which could lead 
to an incomplete evacuation of the alveolar part of 
the gland and, consequently, to an inhibition of milk 
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secretion. If before the operation the amount of the 
residual milk averaged in six goats 37:8 ml., after 
the sympathectomy it was 35-0 ml. Neither was the 
decrease in milk secretion after the cervical sympa- 
thectomy & result of a desympathization of the 
thyroid gland and the internal parathyroid glands. 
Special experiments showed that a simultaneous 
denervation of both lobes of the thyroid and of 
internal parathyroid glands does not result in a 
decrease in milk secretion. The average daily amount 
of milk during the first three 10-day periods after 
this operation—when the sympathectomized goats 
showed the lowest milk secretion—was, in goat No. 
59, 98-6, 100-5 and 100-2 per cont of the initial level 
and, in goat No. 108, 100:1, 112-5 and 110-6 per 
cent. 

Many authors have demonstrated by their investi- 
gations®-*5 that the cervical part of the sympathetic 
nervous system plays an important part in the control 
of the hormone-forming function of the adenohypo- 
physis. It is quite possible that in our experiments 
the decrease in milk secretion after the cervical 
sympathectomy is due, first of all, to a disturbance 
of the production of glandular lobe hormones. The 
decrease of the hormone-forming function of the 
adenohypophysis could have taken place as a result 
of a desympathization of the glandular lobe iteelf 
as well as of a desympathization of various parts of 
the brain and, first of all, of the hypothalamus, which 
plays an important part in the control of the function 
of the adenohypophysis. 


Influence of Pituitary Stalk Section on MHk 
Secretion 


Various authors have investigated the influence of 
pituitary stalk section on the lactation process 
in rats and rabbits. These experiments proved 
that pituitary stalk section in lactating animals 
brought about starvation of their litterat@"*. Evid- 
ently, it was a result of a disturbance of the milk- 
ejection reflex'*-#1, as the mammary glands of the 
experimental animels contained during the first 
post-operative days a sufficient amount of milk,**, 
If oxytocin was injected into female rabbits after a 
pituitary stalk section*’, their milk secretion remained 
at its initial level, although the growth of their litters 
was slower, evidently due to a change in quality of 
the milk. As oxytocin causes not only an evacuation 
of the alveolar part of the mammary gland but 
probably also leads to an increased production of 
prolactin’, these experiments do not allow the conclu- 
sion, that pituitary stalk section does not cause any de- 
crease in milk secretion. Thus, the results obtained 
so far do not solve the problem of the influence of 
pituitary stalk section on the milk secretion process. 
Owing to this we investigated the influence of 
pituitary stalk section on the amount of milk secretion. 

The operation of section of the pituitary stalk was 
performed in six goats during their first lactation. 
Section was carried out by the temporal approach™. 
Four goats underwent a control operation of stalk 
section. The pituitary stalk of these animals was 
exposed, but not cut. Three months after the opera- 
tion all animals were killed and a serial histological 
analysis of the hypothalamo-hypophyseal region was 
performed (I. G. Urazov). The results of histological 
studies showed that three goats (Nos. 112, 313 and 
143) underwent complete section of the pituitary 
stalk. Goat No. 143 showed, contrary to goats 
Nos. 112 and 313, a thick scar at the site of the 
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section, and ıts median eminence of the tuber cinereum 


was very seriously damaged. In three other goats 
pituitary stalk section was incomplete. Goat No. 
146 underwent a complete section of the infundi- 
bular stem, whereas the glandular part of the stalk 
remained, to a great extent, intact. The infundibular 
stem in goats Nos. 322 and 319 remained intact, while 
the glandular part of the stalk was partially cut. 
All goats with a complete stalk section and goat 
No. 146 showed an atrophy of the neural lobe of the 
neurohypophysis. In goats Nos 319 and 322 the 
neural lobe remained intact. The hypophysis of goat 
No. 143 was significantly decreased in size. All goats 
showed. areas of atrophy in the anterior part of the 
‘glandular lobe. 

In all goats with a complete section of the pituitary 
stalk and goat No. 146 the milk-ejection reflex dis- 
appeared after the operation, but it reappeared in 
7-11 days. However, during some weeks after the 
operation the milk-ejection reflex was somewhat 
defective: a prolonged latent period of the reflex 
and some increase of the amount of residual milk were 
noted. Goats Nos. 319 and 322 (an intact infundi- 
bular stem, a partial section of the glandular part of 
the stalk) showed a full milk ejection reflex immedi- 
ately after the operation. 

We can now discuss the results of the investigations 
of the influence of a prtuitary stalk section on milk 
secretion. During the first month after the operation 
(stall conditions, the same ration as that before the 
operation) the average daily amount of milk given 
by goats Nos. 112 and 313 (complete stalk section) 
was on an average 28-9 per cent of the initial level ; 
goat No. 143 (complete pituitary stalk section with 
the formation of a thick scar, severe damago of the 
median eminence) gave 12-6 per cent, three goats with 
incomplete stalk section 40:5 per cent, and the con- 
trol-operated animals 55-7 per cent of the initial 
level. All animals showed an increase of milk 
secretion on being transferred to pasture conditions. 
However, in pasture conditions also milk secretion in 
goats with stalk section was significantly lower than 
that in the control-operated animals. The average 
daily amount of milk during the whole post-operative 
period of investigation (80 days in stall and pasture 
conditions) was 48-2 per cent of the initial level in 
goats Nos. 112 and 313 (a complete stalk section), 
21-6 per cent in goat No. 143 (complete stalk section 
with formation of a thick scar, severe damage of 
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the median eminence), 67:1 per cent in three goats 
with an incomplete stalk section and 77- 6 per cent 
of initial level ın control-operated animals. If we 
assume that. during 80 post-operative days the 
amount of milk secretion in control-operated goats 
expressed as a percentage of the initial level is 100, 
the amount of milk secretion in gosts Nos. 112 and 
313 will average 62-1 per cent in comparison with the 
milk secretion-level in control-operated goats, in 
goat No. 143 it will be 27-8 per cent and in three 
goats with incomplete stalk section, 86-5 per cent. 
Thus, a complete stalk section leads to significantly 
decreased milk secretion. Goat No. 143, which had a 
thick scar formed at the site of the section, and of 
which the median eminence of the tuber cinereum 
was severely damaged, showed a very marked do- 
crease of milk secretion An incomplete stalk section 
leads to a relatively small decrease of milk secretion. 
These results prove that nervous and vascular 
tracts of the pituitary stalk play an important part 
in the control of the hormone-forming function of 
the adenohypophysis stimulating milk secretion. 
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STRUCTURES CORRESPONDING TO TERMINAL BARS AND TERMINAL 
WEB IN MANY TYPES OF CELLS 


By Pror. C. P. LEBLOND, HOLDE PUCHTLER* and Y. CLERMONT 
Dapartment of Anatomy, McGill University, Montreal 


URPRISINGLY little ıs known of the factors 

influencing the shape of cells. In the intestinal 
epithelium, two structures were found to have an 
` ymportant role in this respect: the termimal bars, 
which hold neighbouring cells in close contact, and 
the terminal web, a layer of fibrils extending across 
the cell apex between the terminal bars'. Interest- 
ingly enough, both these structures have the same 


* Fellow of the Damon Runyon Memorial Fund for Cancer Research 
and of the National Cancer Institute of Canada Piesent addicss: 
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staining and histochemucal properties! ; in particular, 
both are stained by successive treatment with tannic 
acid, phosphomolybdic acid, and amido black (referred 
to hereafter as the TPA technique). The question 
then arose as to whether cells other than those of 
the intestinal epithelium contained material with 
similar staining properties and perhaps with a simular 
role. 

A variety of tissues and organs from male and female 
adult rats, as well as a few tissues from other animals, 
were fixed in Carnoy, dehydrated in alcohol and 
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ative of the] presence of Abreu aoleculos parallel to 
the apical surface. Indeed, when sections were cut 
parallel to the free surface of the.intestinal cells and 
stained with TPA, distinet fibrils were often seen 
within the termimal web. 
- A systematice survey of the literature revealed that, 
during the second half of the last century, the termina] 
web was described by a few authorst*, but no name 
was given to it. This structure was then forgotten, 
for, to Heidenhain, each unit of the striated border 
was equivalent to a cilium related to a centriolar 
granule, and a row of such granules crowded together 
would appear as a band. This misinterpretation 
was widely accepted. 
© Some fifty years later, Sauer’, who seemed to 
have been unaware of previous work on the subject, 
described ‘ ‘a structure which has the appearance 
of a stained membrane stretched across the end 
of the cell between the terminal bars” in the ependy- 
mal epithelium of amphibian embryos. He stated 
that this structure is composed of a network of 
fibrils of such dimension that they are usually not 
separately visible, and that it may exist in other 
colummar cells; he proposed the name ‘terminal 
oo aweb’, Other authors who observed this structure 
_ did not distinguish it from terminal bars (as may be 
seen, for example, in Figs. 292 and 383 in ref. 12). 
-The terminal web of the intestinal epithelium was 
seen in electron microscope pictures of Palade and 
Porter (quoted in ref. 1) as a filamentous layer extend- 
. ing between the terminal bars and continuous with 
similar material present in the microvilli of the 
striated border. Similarly, Palay and Karlin" 
described this terminal web in detail as a dense felt- 
k of filaments stretched across the cell and from 
“which other filaments extended into the units of the 
striated border and also into the cytoplasm. 
= Using the TPA technique, a careful examination 
-of the terminal bars was carried out in 2-u thick 
sections of the epithelial cells of the intestine cut 
parallel to the surface. Under these conditions the 
ial bars did not appear to be the uniform rods 
ally deseribed. Instead, they proved to he 
0 sed of juxtaposed granules, giving the appear- 
-anee of a string of beads. Furthermore, the fibrils 
_ of the terminal web were seen to end in these granules. 
In view of the similarity of the granules with the 
desmosomes of the Malpighian cells in the epidermis, 
it was decided to refer to the terminal bar granules 
by the term ‘desmosomes’. Hence, the terminal 
Þar. consisted essentially of a series of desmosomes 
n web filaments were eon muoNt 
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the cilia tnd held vikna 


terminal web ending in“ desmosomes. Cilia and 


al granules stained with TPA and could, therefore, be 


related to the web. 
In the ameloblast, two unilayered’ webs were 
present, one at the apex and one at the base of the 













“cell. 


In other cell types, the terminal web may be 


“multilayered, each layer being connected with a set of 


desmosomes. This was the case in the striated ducts 
of salivary glands (Fig. 1B, Table 1). 

The terminal bar-terminal web complex is organ- 
ized quite differently in some cells where fibres 
attached to the terminal bars extended from the apex 
of the cell towards the base in a pillar- like fashion. 
This was observed, for example, in the uterine 
epitheliun. An extreme example of this arrange- 
ment was seen in the pillar and outer phalangeal 
cells of the organ of Corti, where the bundles of 
tonofibrils forming the pillars proved to stain with 
TPA (Fig. 1C). 

Another arrangement was exemplified by the 
goblet cells of the intestinal epithelium or the surface 
mucous cells of the stomach in which the TPA- 
stained structure was lacy and basket-like, enclosing. ~~... 
the mucous droplet (Fig. LD). In addition, these cells. 
had a pillar-like bundle of fibrils going from the 
terminal bars to the cell base (Fig. 1D). 

A special type of terminal web was present in some 
exocrine glands, for example, in the acinar cella of 
the pancreas (Fig. 1E). The apex of the cell had a 
narrow rectangular surface, supported by a terminal 
web limited by terminal bars (composed of desmo- 
somes). From these, fibrils extended into the 
cytoplasm in various directions to form an intricate 
network which outlined spaces enclosing the zymo- 
genic granules. Such a complex web was not always 
restricted to the cell apex, but also extended laterally 
to the regions facing the intercellular canalicules. 










Table 1, LIST OF THE CELL WEBS IDENTIFIED SO FAR 


Terminal web 
Unilayered (Fig. 14) 

Non-ciliated cells; chief cell of intestinal epithelium. Epithelial 
cells from: gall bladder, pancreatic duct, seminal vesicle, 
prostate, coagulating gland, uterus, ascending and descending 
limbs of Henle’s loop, distal convoluted and collecting tubules, , 
lacrimal gland, sweat gland, mammary gland, epididymis, vas 
deferens, thyroid. 

Ciliated cells from : 
vas deferens. 

Cells of connective tissue origin > odontoblasts, reticulo- endothelial 
cells of splenic sinuses (basal plate). 

Multilayered (Fig. 15) 

Epithelial cells from: 
ducts of sublingual parotid, submaxillary ; 
pancreas, 

Duets of orbital gland, sweat gland, 

Bile ducts. 

Surface cell of rage ona epithelium, 

With network (Fig. 

Glandular Nal cells of pancreas, serous cells of salivary 
glands, zymogenic cells of gastric glands, Paneth cells: mucous 
cells of Brunner’s gland. ca 

Pillar-like web (Pig. 1C) O 

Non-ciliated epithelial cells of Fallopian tube. 

Epithelial cells in stria vaseularis of cochlear duct. 

Supporting cells of the organ of Corti and of the macule (F ig A 

Goblet cells of intestinal and olfactory epithelium. 

Surface mucous celis of stomach. 

‘Flame-like’ ciliated cells in pancreatic duct. 

Cireumferential web 

Partial (Fig. LF): islets of Langerhans cells, corpus luteum cells, 

Complete (Fig. 1G, 1H): parenchymal cells of liver, PATEDA cortex” 
and pituitary : sebaceous cell, . 

Tubular web (Pig. P } 


bronchus, trachea, ampulla of Fallopian tube, 





intralobular (striated) and intercalated 
intralobular duct of 
























Spermatid. 
Dispersed web tonofibrils (Fig. 1/) a 
Epidermis. l 
Stratified squamous epithelia of tongue, ewsophagus, fore- 
stomach and vagina. A 


Contractile web myofibrils (Fig. 1K) 
Striated musele fibres of skeletal and heart musele. 
Smooth muscle fibres. 
Myoepithelial cells. 
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jes of ‘cell web’ as rev d by the ta nie acid- phosphomolsb 
l el s drawn from rat tissues | sifle 
lit ore sered terminal web is js S 
B i „Str triatod | border. $ thet q he terminal bi : 
B, cell from a striated duct of a salivary glanc wing a muitijayè nal web, 
i Mt foii 


C, pillar cell of the organ of Corti in whs 


D, surface mucous cell of the stomach (from s: amander ith a Omp k iii pillar-like fibres a as ean a ok of fibres 
arranged as. a basket separating the n us dro let fre ie cyt sn Note that this’ cell web is attached to terminal bars 
E, acinar cell of the ‘pontreny shoving a eis minal w e cing, e lu E dni t The J fibrous web is located Detra ace: bars, 
5 networ 0 ; plasm 
F, beta-cell of Islet of Langerhans showing partial rieker na ob lain These 
M surfaces are those wou 1r bien ainus 


G, cell of sebaceous gland | (from horse) showi ng a com lete ciroumfere tial web un 
H, liver cell with a complete, circumferentia ntial w be e cell surface is is in indented AY 
up bile ¢ cu a with t the pe adic rent cells, * The Phe circumferential w ) is att 
. ali cell membrane lining the na as Sr por al web 
I ins atids, the caudal 1 tubo. also called manchette) constitutes the 1 ca ure which appears 
as © nucleus of the spermati ome to become sickle : shaped and ¢ et before the cell com plete ita, — w ee 
into a spermatozoon. This s ke structure is located at the base o he nucleus and s centric ioles and 
J, cell from the Malpighian layer of the ‘akin. (chestnut of the horse) showing + pained tonofbrils at ttached to n aan, 
Since the tonofibrils are distributed throughout the cyto] are considered as forming a disp web 
K, smooth muscle fibre with well-stained myofibrils = web) = 
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-This was iaa clear in parotid and external 
orbital glands. 

_ So far, terminal webs ae been described in simple 
“epithelial cells.” -A termina web may exist in other 
a cell types, fore ) ontoblast-——a connec- 

: ; aboration of dentinal 
ticulo-endothelial cells 
entained a structure 
asal plate’, which 
the cell4,18, This 




















ained with TPA. 
Cells which were not distinctly polarized occasion- 
contained a TPA-staining fibrous layer located 
immediately below the cytoplasmic membrane. 
This structure will be referred to as circumferential 
‘web. In the cells of the islets of Langerhans, the 
circumferential web appeared incomplete, as it was 
clearly seen only at the surfaces in contact with 
-capillaries (Fig. LF). In the cells of the sebaceous 
_ glands, the circumferential web clearly extended all 
around the cell, thus forming a complete lining under 
the cell membrane (Fig. 1G). 
~The parenchymal cells of the liver also had a 
complete circumferential web, which ‘reinforced bile 
eanalicules (Fig. 1H). When two adjacent cells 
included a bile canalicule at their interfage, each cell 
provided half the wall of the canalicule, in the form 
of a hemicylinder composed of cell membrane and 
-  wmdglying web. Junction of the two half-cylinders 
‘was ensured by longitudinal bars identical in appear- 
__ ance and staining properties with the terminal bars 
of epithelial cells, and like them, composed of a row of 
_. desmosomes. 

= The membranous structure described in spermatids 
under the name caudal tube was composed ‘of longi- 
_ tudinal filaments which stained with TPA (Fig. 11). 
This ‘tubular web’: extended caudally from the 
 - posterior..region of the nucleus and enclosed in its 
_ euff-like membrane the centrioles and the proximal 
 — part of the flagellum, both of which also stained. 

‘he. tonofibrils present in the cells of the Mal- 
OS pighian layers in epidermis and stratified squamous 
_ epithelia stained well with TPA. The bead-like 
_ structures or desmosomes which were present along 
the cell ‘membranes and in which there was a con- 
fluence of the .tonofibrils also stained intensely 
= (Fig. 1J). Therefore, these two structures may 

correspond to the terminal bar-terminal web complex. 

‘he tonofibrils would thus be the web of these cells 

id, since they were present throughout the cyto- 

plasm, they may be said to make up a dispersed 
eb. 












































‘The myofibrils af striated and smooth muscle 
fibres (Fig. 1K) stained with TPA. In the case of 
cardiac muscle fibres (Fig. 1K}, the myofibrils were 
, terminate in the intercalated disks, which 
posed of intensely stained granules similar 
wWömes. Hence, myofibrils were considered 
to bo homologous to the web of other cells and 
ould therefore constitute a contractile web. Myo- 
pithelial cells contained fibrils which were distinctly 
stained by the TPA technique, and would also 
eonstitute a contractile web. 

Finally, the spindle fibres seen at metaphase during 
ither. mitosis or meiosis stained with TPA. The 









, d t the two extremities of tho spindle at meta- 
it also at other stages of mitosis and even in 
Perhaps epingls fibres and contrioles 
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end of mitosis the equatorial portion of spindle fibres 


gives rise to terminal bars®. 

Is it legitimate to link a variety of structures on the 
basis of similar staining ability ? Before, answering 
this question, it may be recalled that many years ago 
Zimmermann reported that structures similar to 
terminal bars were present in many types of cells”. 
It would therefore be reasonable to suppose that the 
terminal web of the intestinal epithelium also has a 
counterpart in many cells. | 

However, when the TPA technique was applied to _ 
various tissues in a search for structures correspond- | 
ing to the terminal web, difficulties arose, as the | 
nucleus and various cytoplasmic materials often — 
stained to some extent. It was therefore necessary 
to define the terminal web as precisely as possible. 
In the epithelial cells of the intestine this structure - 
exhibited three characteristic features : 
by the TPA technique; (2) it stained with iron 
hematoxylin and with a series of histochemical 
stains indicating the presence of basic proteins (some- ` 
what different from usual basic proteins and particu- 
larly from collagen), but there was no reaction for 
carbohydrates, fats or nucleic acids; (3) when»the 
terminal web was cut parallel to the plane of section, | 
it was often possible with the TPA or iron hema- 
toxylin techniques to distinguish fine fibrils. (Since _ 
electron micrographs of this structure showed it to 
be composed of fine filaments too minute to be 


‘resolved by the light microscope", these filaments 


must be arranged in bundles which appear as fibrils 
after TPA staining.) 

The various types of web listed in Table 1 stained 
with TPA and tended to be fibrillar in appearance ; 
furthermore, those that have been analysed histo- 
chemically (as will be reported elsewhere by Holde 
Puchtler) gave the histochemical reactions of basio - 
proteins. Hence, it was concluded that these various. 
forms represented different structural arrangements 
of the same cell organelle, for which we propose the: 
name ‘cell web’. 

It has been pointed out that, when sections of 
intestinal epithelium were cut parallel to the cell 
surface, the terminal bars of the epithelial cells were 
not uniform rods, but rather rows of juxtaposed 
granules, referred to in the present work as ‘desmo- 
somes’. The desmosomes had exactly the same 
staining (TPA, iron hematoxylin) and histochemical 
properties (being composed of basic proteins) as the 
cell web itself. Investigation of many cell types often 
showed structures with the same characters as the 
terminal bars of the intestinal epitheliam. This was 
true not only of the terminal bars seen in simple 
epithelia at one (Fig. 14) or several levels (Fig. 1B) 
but also of the longitudinal bars seen along bile 
eanalicules and intercellular canalicules in exocrine — 
acini, and of the intercalated disks in cardiac muscle: 
fibres. All these structures were composed of rows of 
desmosomes with the same properties as the individual 
desmosomes of the epidermal prickle cells. The fact 
that the histochemical properties of desmosomes were 
identical to those of the web itself suggested that at 
least part of the desmosomes would arise from 
aggregation of web filaments in certain areas of the 
cell membrane. 

There were a few cells, particularly connective 
tissue and blood cells, in which neither web nor 
desmosomes were distinguishable. However, a faint 
TPA staining of fibrillar structures could be seen 
occasionally. For example, mature plasma cells 


= contained a sharply staining centriole from which 





(1) it stamed ee 











- reacting reagents. 
iodine reagent? showed a positive reaction. 
-reagent has now been developed in two ways-—as a 

















fibrils radiated. : | 
all of them, including connective tissue cells, showed 


TPA staining of centrioles and spindle fibres, which; 


therefore, may be related to web filaments. Would 
connective tissue cells and blood cells have a web 
too scanty for adequate staining ? If so, the web 
might well be present in all cells of the rat. What- 
ever the answer to this question may eventually 
be, it was clear that a large majority of the cells in 
this species contained a cell web. Furthermore, 
preliminary observations suggested that structures 
corresponding to the cell web were present in other 
mammals and in other animal groups, making up 
structures that in protozoa and other cells have been 
described as resulting from cortical or ectoplasmic 
differentiation’. 

What are the functions of cell web and desmo- 
somes ? A priori, the two main factors influencing 
the shape of a cell are its relation with neighbouring 
elements and the structural qualities of its intracellu- 
lar components. Since, in the intestinal epithelium 
the desmosomes connect each cell with its neighbours, 
while the cell web functions as a support for the cell 
apex!, these structures must play a part in maintain- 
ing cell shape. 

Similar observations may be made in tissues other 
than simple epithelia. In liver cells, the desmosomes 
and web are located so as to account for the well- 
known. rigidity of bile canalicnles'*. In the ear, the 
stiff pillars of Corti are composed of densely packed 
web fibrils. The tubular web (caudal tube) of the 
spermatids, as a result of its firmness, may be seen to 
push the cytoplasmic membrane aside. In contrast, 
the cells with little or no stainable web~—-leucocytes 


and connective tissue cells——-have no definite shape. 


It is concluded that, while more proof of the rigidity 
of the web is required, perhaps by testing with micro- 
dissection needles, circumstantial evidence favours a 
role of this web in giving firmness and shape to the 
cell. 

In conelusion, the cell contains a fibrillar system 
-—for which we propose the name ‘cell web’--which 
stains with the TPA technique (tannic acid, phospho- 





SHE disease of sheep known in New Zealand as 

facial eczema is now believed to be due to the 
presence on the pasture of a fungus, Sporidesmium 
bakeri. The hepatotoxic principle has been isolated 
and erystallized*. Following the results of Synge 
and White, spots of the toxin were chromatographed 
on paper in water solvent and sprayed with sulphur- 
Of those tried, only the azide- 
This 


spray for chromatograms, and as a titration reagent 
for the toxin. 

Run in a descending water solvent, the toxin 
appears to streak, possibly due to adsorption on the 
paper, and this may be even more pronounced if the 
applied spot is an impure extract. ane anyy a 









-molybdie acid 
za charactéristie: manner 


Furthermore, whenever cells divided, 


DETECTION AND ESTIMATION OF A FACIAL ECZEMA 
TOXIN, SPORIDESMIN 
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nd. amido black) and is m ei iy 

in. any given cell type. > 
In simple epithelia, the cell web predominates. in the | 
P region of one cell, where w -arranged in™ 


















3 Eoy m nany . 
_adrena te.—the web « 
4 under the cell membrane | 
and its fibrils enter desmosomes, which build up 
structures similar to terminal bars. In stratified 
epithelia, the web is believed to consist of the well- 
known tonofibrils which enter individual desmosomes 
and in muscular tissues, of the myofibrils which, H 
cardiac muscles at least, join the desmosomes of 
intercalated disks. A cell web has been seen in many: 
other cell types (for example, spermatids and reticulo 
endothelial cells of spleen). It is suggested that th 
fibrils of the cell web are endowed with a fair degree 
of firmness, and combine with the desmosomes m 


shaping the cell. 








makes up: a once 
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methanol water (50) 50) as a solvent, This E 
does not entirely preclude streaking of the toxin spo 
but it does reduce streaking when crude extrac 
are chromatographed. An azide-iodine reactio 
with lowered iodine content (0-005 N iodine in 0-1 N 
e iodide, Bapo Aa 15 A cent beer: 2 


Semen a the: toxin appears as & white ) 
brown background. After a few minutes th 
oversprayed with | per cent aqueous starck 
which reveals the white spots against a blue 
ind, slowly fading to a permanent brown. cok 
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running several E R Q ERE 





“When 


some relationship between the amount of toxin 
“present and the size of the spot on the chromato- 
‘gram, A standard solution: of sporidesmin (with 
“carbon tetrachloride of lization) in alcohol 
owas © pace is were run, 
: with A oO t the origin ranging 
i ver this range there 



















ig ans civomiaoueate as a standard it has been 
o estimate. Approximately ane amount of 





ize using pa amounts of toxin on he same 
The Rp of the pure toxin is 0-88, while the 
appearing in samples are usually of lower Rp 
1, and sometimes streaking. It is sometimes 
ssary to run a preliminary chromatogram with 
1 unknown sample to get some idea of the per- 
tage of toxin present, as the toxin spot must be 
within the range of the standards. 
‘Tt was considered that catalysis of the iodine- 
azide reaction by the toxin might be utilized as the 
asis of a titration method for estimation of the 
xin. Reagents were prepared of 0-01 N iodine in 
potassium iodide solution containing 3 per cent 
sodium azidet and 0-01 N sodium arsenite. The 
stdiam arsenite solution was used in a Conway 
-mucroburette. Samples of the pure toxin in alcohol 
solution were put into small dishes, evaporated and 
excess iodine—azide solution added. The dish was 
“sealed with a ground-glass lid, and after 5 min. the 
“unreacting iodine was titrated with sodium arsenite, 
using starch indicator. The titrations were carried 
— Gut in duplicate, and blanks always titrated. Using 
0-5 ml. of azide—iodine reagent there was a straight- 
_ line relationship between the amount of toxin added 
and the iodine consumed by the azide—iodine reaction, 
hin. the range up to 5 ugm. toxin. When higher 
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Fig. 1. Titration of toxin 
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“extracts in this manner ‘it appeared that; there was- 
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amounts of toxin are required to be titrated, greater 
excess of the iodine—azide solution is required. Titra- 
tion carried out with iodine solution without azide: 
present shows that uptake of iodine by the toxin: 
is insignificant under these conditions. z 
Methanol extracts of spores at the petroleum ether cosc 
wash stage of purification? were made up in alcohol. ccoo. 
solution and the insoluble material allowed to settle — 
out. Aliquots of this solution were titrated as above, a es 
and the iodine consumption appeared to be propor- —— 
tional to the amount of extract added. It therefore oo. 
appears that even in these crude extracts, a measure 
of the iodine consumption. by the azide—iodine reaction. 
may be used to estimate the amount of toxin present. 
The following is a typical example of a toxic extract, 
of spores ; 10 mgm. of the extract at the petroleum w ee 
ether wash stage was made up to 1 mil. in alcohol. > 
Chromatography of aliquots of this solution s 
that the only azide-iodine reacting spots pr t 
were due to the toxin, and it was estimated by the 
comparative method that the extract is 4 per cent 
toxin. $ 
Titration of a series of aliquots of this sol ition 
using information from Figs. l and 2, indicates tha 
the extract is 4:2 per cent toxin. This result is’ 
good agreement with the level of toxicity obtame 
by biological tests, carried out by colleagues in the 
laboratories (based on production of keratitis of 
rabbit’s eye, injury to HeLa cells and characteristi 
biliary lesions produced in the liver of rabbits). 
The results of this suggests that the method so far 
used may be applicable to the detection and estima- 
tion of the toxin in many media, and work is in > 
progress to estimate toxin in pasture. Í 
A more complete study of the catalysis of the . 
azide—iodine reaction by the toxin will be made ia ~ 
the future, = 
? Thornton, R. H., and Percival, J. C., Nature, 183, 63, (1959). 
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t Feigl, F., ‘Spot Tests : Organic Applications’, 2, 164 (Elsevier, 1954}. 
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LETTERS TO THE EDITORS 


MATHEMATICS 


Analysis of Accelerated Motion in the 
Theory of Relativity 


CONVENTIONAL treatments of accelerated motion 
in the theory of relativity have led to certain diffi- 
culties of interpretation. Thus, Crampin, McCrea and 
McNally! mention the lack of uniformity in the 
correspondence of events as depicted by the trans- 
formation of Born and Biem. Again, Donahue and 
Leffert? and Moller? discuss certain reversals in the 
7 apparent gravitational field of an accelerated body, 

I have found! that these difficulties may be avoided 
by simpler analysis based on the use of restricted 
conformal transformations. In the conformal theory 
the velocity of light remains constant even for 
experimenters in accelerated motion. 

The problem considered is that of rectilinear motion 
with a variable velocity +. I introduce two co- 
ordinate systems, A, (x,t) and B, (2’,t’). The motion 
takes place along the x or x’ axis. 





: .. The correspondence between the at and æt 
ae: systems may be expressed quite simply by the 
| transformation : 
a t to = B(x + t) (1) 
wom E =m G(x — t) 
The velocity is given by: 
gee 
C= F 2 
gt+f (2) 


Here f and g are the derivatives of F and G with 
respect to their arguments x + #. I now suppose 
that A, (x,t) is an inertial system, and in order to 
satisfy the relation of equivalent scale in the vicinity 
of B, I apply the boundary condition : 


Jg = 1 along x’ = 0 (3) 

motion of B is given then this relation, together 
equation (2), is sufficient to determine the 
ons F and G. As determined in this way, this 
armation becomes tangent to instantaneous 
entz transformations all along the path of B and 
e of uniform velocity reduces to the Lorentz 
ation everywhere. 
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Fig. 1. A system of conformal co-ordinates associated with 


non-uniform motion 
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Example showing application of restricted conformat: 
transformations ie 








Fig, 2. 


Fig. 1 shows how such v't co-ordinates may ke 
constructed graphically with the aid of periodic*time 
signals originating in the B system. Such signals. 
generate a family of outgoing waves, represented by 
the characteristic lines ¢ + « = constant. If these 
lines are now extended backward, a corresponding __ 
family of incoming signals will be represented. Inter- _ 
sections of the characteristic lines may then be — 
identified with the events of synchronization of the 
various clocks of the B system. 

Extension of the theory of relativity by conformal 
transformations in four dimensions was considered. 
many years ago by Bateman®, It seems that the 
group C4admits only restricted motions, and of these 
the Lorentz transformation alone maintains equality 
in the scale relation. Therefore, we do not speak of 
a conformal transformation of the whole space. How-.. 
ever, by restricting attention to a narrow cylindrical 
region around the w-axis, conformal mappings can 
be employed locally, so that : Be anger 


— de? — dy? — dz?) 








ds’? = fg(de#? 


for y? + z? > 0, 














Fig. 2 illustrates a simple example of the type 
discussed in connexion with the clock paradox. At 
t = 0, B starts away from A at the velocity 3/5. 
Att = 5, B reverses its motion and returns. Values S 
of f and g in various regions are indicated between. 
characteristic signal lines. The condition of local- 
seale equivalence, fy = 1, results in a 20 per. cent 
reduction of the elapsed time along the path of B 
In addition to the time discrepancy, there appear 
also a discrepancy in the relative spatial displacement 

Rosert T. Jors- 
National Aeronautics and Space Administration, _ 
Ames Research Center, 
Moffett Field, California. 
Jan, 20. oS 
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Remanent Magnetization of Some Welsh 
Slates 


In order to investigate the effect of the deformation 
associated with mountain building upon the aniso- 
-tropy of susceptibility and- the natural remanent 
“magnetization of rocks, approximately a hundred 
specimens were prepared for measurement from some 
fifty samples of Lower Paleozoic Welsh slates cleaved 
ng the Caledonian orogeny. The anisotropy in 
fields of less than two cersted was determined with 
transformer bridge! and the natural remanent 
magnetization with an astatic magnetometer. The 
results showed that the cleavage is a plane of high 
usceptibility, and that the remanent vector is parallel 
to it. In some of the slates it appears that the direc- 
tion. of natural remanent magnetization has been 
controlled by the anisotropic susceptibility, and in 
_. others that the pattern of anisotropy and the natural 
“remanent magnetization have been aligned with the 
cleavage independently. I am indebted to Dr. J. C. 
~ Belshé and Dr. R. W. Girdler, with whose help the 
susceptibility work was begun. 
It was only possible to measure the direction of 
natural remanent magnetization of the specimens 
fom four sites, the remainder being too weakly 
_--maghetized. Without exception the vectors lay close 
_ _ to the cleavage plane ; fifty of the fifty-six measured 
“were within 20° of it and twenty-six within 5°. 
-~ Figs. la and Ib are equal-area projections showing 
the direction of natural remanent magnetization 
>= co relative to the field orientation of the rocks. In the 
first plot (Fig. la) the mean directions of natural 
remanent magnetization of the specimens from three 
of the sites have been joined by great circles to their 
_. respective cleavage planes. The scatter about these 
|. Mean directions is small, for example, the radius of 
» the cone of 90 per cent probability («), and the 
o Fisher precision factor (k)? were 8° and 29 respec- 
. tively for the Dolgelley slates. The mean directions 
> are related to the cleavage and therefore distinct for 
each site, but they are nevertheless in the same 
> general direction as previous workers have found in 
the nearest rocks of Devonian age’. The natural 
-remanent magnetization of these slates is due to 
pyrrhotite. In contrast, the remanent vectors of the 
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The direction of natural remanent magnetization and the orientation of the 
_ cleavage. (a) Slates from Barmouth (1), Talsarnau (2) and Dolgelley (3). (6) Cambrian 
lates from Bethesda. Upper hemisphere poles and great circles, ©’ ; lower hemisphere 
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Fig. 2. Histogram of anisotropy ratios of Welsh slates f . 






Bethesda slates (Fig. 1b) have neither a small scatter . 2 


nor 


directions comparable to any suggested for 


British rocks. Their magnetization is due to hema- 


tite. 


out by fields of 250 cersted. 


Fig. 2 is a histogram of the anisotropy ratios found » 


in the slates. 


Defining the P factor as the ratio of | ce 


The remanence of the Bethesda slates is almost 
unaffected by alternating-current demagnetization  —— 
up to fields of about 400 cersted, while the magnetiza- = = 
tion of the pyrrhotite-controlled specimens is wiped = —— 





maximum to minimum susceptibility, we see that no |_| 


P factor of less than 1-05 was observed while values 


between 1-1 and 1-2 were the most common. The 





ferromagnetic mineral in those specimens with Po 


factors greater than 1-4 was shown by X-ray analysis 
and Curie-point determination to be invariably 
pyrrhotite. The anisotropy of the Welsh slates 
exceeded that of the few uncleaved sedimentary and 


igneous rocks which were collected alongside them es 


for comparison. 

To consider the relation between the pattern of 
anisotropy and the cleavage, we now compare the 
direction of minimum susceptibility and the pole to the 
cleavage plane (Fig. 3). The similarity of these two 
directions demonstrates that the maximum inter- 
mediate plane of the susceptibility magnitude ellip- 
soid is approximately parallel to the cleavage plane. 
The anisotropy of the slates will be due either to 
shape effect or to crystalline anisotropy of the ferro- 
magnetic minerals. If it is caused by the former then 
there will be preferred orientations of the long axes 
of grains of intrinsically isotropic susceptibility. if it 
is caused by the latter the ferromagnetic grains must, 
have preferred erystallograp hie 
orientations. Either possibility is 
easy to imagine in a slate and both 
are observable in various minerals, 
particularly the micas. 


can be seen to be in the form of 


cleavage plane. However, the 
anisotropy of the slates is not likely 
to be due to shape because thi 
susceptibility of the pyrrhotite is 
too small for the effect of the 
be observed? ; powders of this pyr- 
8 x 10° e.m.u.jem.*. Since pyr- 
rhotite is known to have an easy: 
plane of magnetization and a diffi- 
cult direction normal to the plane, 
the observed anisotropy of the slates 





In reflected light the pyrrhotite 7 ae 
in the markedly anisotropic slates == 


platey grains lying parallel to thé 


anisotropic demagnetizing field to- 














rhotite have a susceptibility of ~ 
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Fiz. 3. 
directions with the cleavage plane horizontal, 
cleavage, $ 


Equal area projection of the minimum susceptibility 
Pole to the 


basal ae par allel to the penis This ne pve 
was confirmed by further examination of the optically 
uniaxial pyrrhotite in reflected light. In sections cut 
parallel to the cleavage the grains are predominantly 
almost isotropic, while in sections perpendicular to 
cleavage they invariably show distinct anisotropism 
and moreover they extinguish parallel to the plane 
of the plates. Hence the platey grains represent 
the eommon tabular habit of pyrrhotite, and therefore 
: there is an alignment of the basal planes parallel to 
; the cleavage and this causes the slates to be magnetic- 
ally anisotropic. 

The thermo-remanent magnetization of anisotropic 
substances has been shown to be deflected from the 
‘ambient external field towards the direction of high 
susceptibility’. Three specimens of the Crogenon 
slates, which have pyrrhotite, were given a thermo- 








remanent magnetization and a mean deviation of 


30° recorded. Since the Curie-point of pyrrhotite is 
320° C., which may have been exceeded during the 
metamorphism associated with the Caledonian 
orogeny, it is possible that the natural remanent 
magnetization had a thermal origin and is parallel 
to a component of the Devonian geomagnetic field in 
the basal planes of the pyrrhotite. Such a mechanism 
of magnetization does not account for the direction 
of the. laa ural remanent ee of the Bethesda 





3 the ae of seg rere and 
; the direc m of natin remanent magnetization are 







lated to the cleavage and were, therefore, determined 
her directly or indirectly by the stress environment 
wing metamorphism. It is important to note the 
possible indirect effect of stress demonstrated, for 
ey ample, by the anisotropie Ballachulish slates in 
which it is known® that the pyrrhotite formed after 
the slates were cleaved. The mere presence of a 
foliation such as a cleavage or bedding plane can 
cause anisotropy if secondary pyrrhotite forms. The 
f effect. of anisotropic susceptibility upon magnetization 
is sufficient to account for the direction of natural 
remanent magnetization in the slates with pyrrhotite, 
but not of those with hematite. Thus it has been 
- possible to explain the nature of the anisotropic 
susceptibility of some of the slates in terms of re- 
crystallization controlled by past stress environments 
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and the | means by Mihich the streas peri ae pee 
tion are still uneéertain. 
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PHYSICS 


Structure of High-Rank Coals deduced 
from Helium Densities 


Wandless and Macrae! were the first to show that © 


a relationship exists between the true density of coals 
and their hydrogen content. Franklin? extended this 
work, and on plotting the specific volume (1/d) of a 


number of coals found that an extrapolation of the- _ 


straight line drawn through the points, to p ze8o 
hydrogen content, did not pass through the Point 
for graphite (Fig. 1). For this reason she proposed 


the hypothesis that the structure of coals is ‘markedly. 
This is in disagrees. 


different from that of graphite’’. 
ment with the generally accepted theory that coal 
molecules are basically fused, polynuclear aromatic 
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Pig. 2. Density of coals versus percentage hydrogen 


_ structures, that is, islets of small graphitic monolayers 
_ which may or may not be associated vertically, and 
aie to which various alipbatic groupings are attached. 

This. is suggested in van Krevelen and Ghermin’ i 

plot of density of coals versus carbon content, 

_ which the density of graphite is considered to be ‘ ‘the 
ES true limit’ of coalification. 

If coals, especially those of high rank, are composed 
of molecules which are basically related to graphite, 
hen the hydrogen atoms present in these coals should 
lecrease the density of the coals in proportion to the 
mount of hydrogen present. To test this hypothesis, 
we have determined the helium densities of three 





C Fable 1. Hgts DENSITIES AND ANALYSES OF COALS 


| Helium density 
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Bee ok i 
o Coals | Analysis, Parr basis | (2101. /e.0,3 
Ean AH %C %8 l d, uneorr, d, corr. * 
feta-Anthracites — a : 
Rhode Island No.l, 0-6 97-4 | Q47 | 2330 | 2-08 | 
5 No.2) 07 | 976 | 008 219 2419 
S Michigant r pta , §6°5 O30 ; 2100 204 | 
nthracites, Penna. i : 
Eastern Middle, | Ì 
No. 1/23 | 95-5 | 0-46 | 1-722 ) 1-68 | 
w ii ii No.2) 2-4) 93-7 0-48 1-753 169} 
"estern Middle, i i j o 
No.1) 26 93-9 045 | 1824 188 | 
No.2: 3:1) 92-7 | 0-66 | 1-609 1-54 
: Aone Ades 27 29 = @56 | 1-464 | 1-63 
. West Southern ! : i 
Field 323 832 0-78 | 1542 1-50 


| i i 
-o * Corrected for mineral matter following Wandless and Nae 
Aref. 1). 
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plotted against hydrogen content in Fig. 2. The 
specific volumes of these coals are also ie in 
Fig. 1. It will be observed that density gives a closer 
correlation than specific volume for the high-rank: 
coals. On the other hand, specifie volume gives a _ 
fair correlation that extends into the bituminous coal 
region. In either case, it will be observed that. 
graphite constitutes the end-point of these. plots, ane 
that there is no reason to assume that high-rank coal: 
have a carbon structure basically different from. t 
of graphite. S 
The equation for the line drawn through the 
densities of the high- rank coals in Fig. 2 isy = 2-26 
0-232, where y is density and x is the percentage hyd. 
rogen. As will be observed in Fig. 2 this correlati 
must not be extended too far down the coal seri 
Coals having hydrogen contents greater than abo 
3°5 per cent tend to have densities greater than the 
equation predicts. No doubt this is due to the 
increasing amount of oxygen and other atoms 
introduced along with hydrogen into the lower rank 
coals, and on this basis the density of these coal 
should not be expected to correlate with their hydro: 
gen content as the only variable affecting density 
A further test of the reliability of the equation 
above can be made with three high-rank coals- 
investigated by Dulhunty and Penrose’. The 
hydrogen contents of these coals are 2-0, 31 and >. 
3-6 per cent. These values give caleulated densities eae 
of 1-800, 1-547 and 1-432 respectively, which compare 
favourably with the observed densities of 1-864, 
1-512 and 1-430 in the same order. l 
Fairly good densities of coals so far as the bitumit- 
ous rank may be calculated using the equation for: 
the line drawn through the specific volumes of the 
coals in Fig. 1. The equation for this line is y = 
0-442 -+ 0-0642; where y is the specific volume and 
x is the percentage hydrogen. By calculating | the 
specific volume of a coal with this equation, the 
density is easily obtained as the reciprocal. 
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Effect of Carrier Gas on the Sensitivity © 
of Thermal Conductivity Detectors 


THE sensitivity of thermal conductivity detectors 
is proportional to the variation of the wire tempera 
ture (¢) with the volume fraction (w) of the vapour 
in the carrier gas. Ray! has shown that for small 
values of x: 


dijde = alk, — kajk? (1) 


where k, and k, are the thermal conductivities of — 
carrier gas and vapour, respectively, and a is a con- 
stant depending on the geometry of the detector cell 
and the square of the wire current. This equation, 
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“Tt should be ted. eee that hay 8 eiai oN 
is valid only when the thermal conductivity of the 
mixture satisfies the linear relation km = (1 — 2) k, + 
tk, In general, thermal conductivities of mixtures 
are not a linear function of the composition, although 
quite often, at high dilutions, a linear relation can 


be obtained by substitution of an effective k, for 


ky (ref. 7). However, the value of this effective k, 
depends on the choice of the carrier gas. 

> It is also possible to replace the linear k,, versus x 
relation by a more widely applicable empirical 
equation’. This would lead to very complicated 
formulæ. Instead, we will consider another extreme 
relation, for example, Lim = (1 — x)/k, +a/k, 
(refs. 9 and 10). Application of this equation gives : 


di/dx = a(k, — k,)/k,k, (2) 


In contrast with equation 1, equation 2 predicts 
a higher sensitivity of the detector for carrier gases 
of high thermal conductivity. 


fable 1. EXPERIMENTAL AND CALCULATED DETECTOR SENSITIVITIES 
(MILLIVOLTS PER VOLUME FRACTION) FOR M®THANE IN HYDROGEN 
AND NITROGEN (z ~ 0'025) 
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ł 
: Hydrogen | Nitrogen 
4 aaee aranana aaa | aa 
{imamp.)} Exp. | Eq. (1) | Eq. (2) | Exp. | Eq. (1) | Ea. (2) 
PATA S e n] ee 
30 mee 028} 0-3 | 
60 | 2°25 2-5 
90 86 8-5 
100 | 4 2 | 12 12 
120 21 21 
150 i 53 45 
200 91 33 175 
250 180 65 350 | 372 265 195 
400 790 275 1,430 
Thermal ae pa at the average cell temperature were taken 
from Berl, W. G., “Physical Methods in Chemical Analysis” , 2 (New 
York, 1931). Th temperature was calculated by using the equation 


for the heat balance in the detector cell. 


Table 2. EXPERIMENTAL AND CALCULATED DETECTOR SENSITIVITIES 
FOR PROPANE IN HYDROGEN AND NITROGEN (x ~ 0-025) 


j 
Hydrogen 
Exp. | Eq. (1) | Eq. (2)| Exp. 
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Tables 1 and 2 show some experimental sensitivity 
values, obtained with a four-wire thermal conduct- 
ivity detector (wire thickness 0-003 cm. ; wire length 
12 cm.; wire resistance at 0°C. 16-3 ohm; tem- 
perature coefficient of the platinum wires 0- 0037 ; 
detector temperature 25° C.). 

‘The sensitivities (E/x) are expressed in mV. per 
volume fraction of the vapour. In addition to the 
experimental values, sensitivities were calculated 
using equations 1 and 2. A direct comparison be- 
tween the experimental and calculated values can 
be made when dt/dz is converted into dE/dx by 
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where 7 is the total bridge ¢ current, R o the resistance 
of the filaments at 0°C. and « the temperature 
coefficient of these resistances. 

Up to a total bridge current of 250-300 m.amp. 
(the current should not exceed this figure when 
nitrogen is used as a carrier gas), the system methane — 
nitrogen gives higher sensitivities than the system 
methane -- hydrogen, while for propane higher sensgit- 
ivities are obtained when hydrogen is used as a 
carrier gas. It is interesting to note that for the 
propane ~ nitrogen system the sensitivity reaches a 
maximum at a eurrent of about 250 m,amp. 


The agreement between the experimental values ae 
and the sensitivities calculated with both (1) and (2). 


is rather poor. In our opinion this clearly illustrates 
the difficulty of predicting sensitivities from k, and 
k, without knowing the exact value of the thermal 
conductivity of the mixture. Although in most cases 
a caleulation of sensitivities will be impossible, our 
experiments confirm the view** that the highest 
sensitivity values can be obtained by employing a 
carrier gas of high thermal conductivity. 

Note added in proof. A. B. Littlewood, in a recent 
communication (Nature, 184, 1631; 1959), gives a 
semi-empirical method of calculating sensitivities 
from molecular dimensions. e * 
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METALLURGY 


Reaction between Copper and Solid Oxygen 
condensed at Very Low Temperatures from 
a Gas Discharge 


Iw recont years numerous studies! have been carried 
out on the short-lived reactive species formed in an 
electric discharge after trapping and storing them 
on a low-temperature surface. This communication 
is concerned with the interaction between the dis- 
charge products of oxygen and the metal surface upon 
which they have been trapped at a low temperature. 
Copper was chosen as the metal to study because it 
is frequently used as a condensing surface. Also 
some data are available on the low-temperature 
(77° K.) oxidation of copper by molecular oxygen?’ 
and on the reaction of oxygen discharge products with 
copper at elevated temperatures. 

Both single crystal and polycrystalline specimens 
of 99-99 per cent copper were studied. Their surfaces 
were specially prepared so that they were clean, 
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strain-free, and smooth, Some preliminary experi- 
ments were carried out in which a single-crystal 
sphere at 4-2° K. was placed in the path of a stream 
of ordinary tank oxygen which had been passed 
through a 2,450-Mc. electrodeless discharge to dis- 
sociate it partially. Small specks of a reaction product 
could be detected visually (Fig. 1). These were later 
identified as cupric nitrate by X-ray diffraction, 
indicating that the tank oxygen contained small 
amounts of nitrogen. The random distribution of 
the reaction product on the surface of the spherical 
single crystal rules out orientation effects. When 
oxygen of 99 -998 per cent purity was used, no reaction 
could be detected visually. 

Most of the experiments were carried out in an 
apparatus in which the copper specimen, after 
annealing in hydrogen at 450° C., could be cooled to a 
desired temperature (usually 4-2° K.) and the thick- 
ness of films formed on its surface measured using an 
ellipsometer*. 

Oxygen was deposited on the bare metal surface, 
and the thickness of the gas film was measured with 
the ellipsometer. When discharge products were 
desired, the oxygen stream was first passed through 
the microwave generator wave-guide before impinging 
on the metal surface. After warm-up of the copper 
specimen to room temperature, ellipsometer readings 
were again taken. 

It was found that, under these particular experi- 
mental conditions (Dewar pressure during deposition, 
about 2 x 10-5 mm. mercury; inlet pressure of 
oxygen, 0:-15-0:7 mm. mercury), molecular oxygen 
had no effect at any temperature up to 300° K. When 
the pure oxygen was passed through the microwave 
discharge, however, a film of reaction product of 
about 20 A. thickness formed if the copper surface 
was at 4-2° K. during deposition. The films formed 
on all surfaces studied ({100}, {110}, and {111}) 
were of the same thickness, and this thickness was not 
increased by subsequent runs. Deposition of extran- 
eous material was ruled out by the fact that no 
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film was found on warm-up on an adjacent gold 
surface employed as a control. The discharged 
oxygen had no effect on copper at 40° K. or higher. 
Further, if a thin film (400 A.) of molecular oxygen 
was placed on the copper surface at 4-2° K. and dis- 
charged oxygen condensed on top of this, no reaction 
was observed. Finally, since ozone is formed as one 
of the discharge products, a check was made to see 
if it was responsible for the reaction observed by 
depositing pure ozone on the copper at 4°2° K. As 
with molecular oxygen, no reaction was observed. 

It appeared, then, that a reaction took place on the 
surface between 4° K. and 40° K., forming a product 
that is solid at room temperature. The species 
responsible for the reaction observed is probably 
atomic oxygen, and the reaction product, an oxide, 

The concentration of the trapped oxygen atoms is 
very low, probably of the order of tenths of a mole 
per cent?. Most of these would recombine at a 
temperature between 4-2° and 40° K., where they have 
sufficient mobility, rather than react with the metal 
surface. The formation of an oxide film may be due 
to a reaction between the condensed molecular oxygen 
and the copper surface. The activation energy for 
this reaction could be provided by the local heating 
produced by recombinations of oxygen atoms. 
Further work is in progress on the system described 
here and on other metals and gases. 

We wish to acknowledge the assistance of Dr. G. J. 
Minkoff of the Imperial College of Science and 
Technology, London, in carrying out the preliminary 
experiments while a guest worker at the National 
Bureau of Standards. 

This work was carried out under the National 
Bureau of Standards Free Radical Research Program, 
supported by the Department of the Army. 
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ENGINEERING 
High-Temperature Creep of Graphite 


Davidson and Losty' have proposed a logarithmic 
equation to describe the creep behaviour of synthetic 
graphites in the temperature-range 1,300—2,000° C. 
Analysis of results obtained at this laboratory by 
Martens, Jaffe and Button’ indicates that this 
equation also gives a good description of graphite 
creep at higher temperatures, up to 3,000° C. How- 
ever, there are appreciable differences in the relation 
of creep to temperature and stress in the two tem- 
perature ranges. 

Short-time tensile creep data in the temperature- 
range 2,400—-3,000° C. have been obtained for several 
commercial grades of synthetic graphite using test 
specimens with a 0-25-in. diameter by l-in. long gauge 
section. Heating was accomplished in an automatic- 
ally controlled graphite tube furnace in a helium 
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atmosphere. Tests were generally run to fracture, or 
400 min., whichever occurred first. The resulis 
discussed here were obtained on specimens cut from 
one block each of Great Lakes Carbon Co. H3LM 
and Speer Carbon Co. 3499. (The data analysed here 
were obtained from blocks designated 0401 and 0106 
in refs. 2 and 3.) All tests were made on specimens as 
machined without any preliminary heat treatment, 
unless otherwise noted, Further details of the creep 
measurement techniques have been deseribed else- 
where?§, 

The equation found by Davidson and Losty is of 
the form ; 


ex A+ Blogt + Ct (l) 


Here, ¢ is the creep strain, t is time, and A, B and C 
are constants for each test. Some representative 
results, plotted on co-ordinates which give a straight 
line if equation 1 is obeyed, are shown in Fig. 1. 
The results plotted are for times greater than 5 min. 
It is evident that the fit is quite good. The points 

€ fall oe the best oe line at sry times 


















. "The Gunn 
i H e at long ne (for able: the 2,563° C. 
, Fig. 1) cannot be ascribed to these errors. 
: eae. state creep-rates (C values) deterrnined fram 
the final portion of the creep curves agree with those 
determined by drawing a tangent to the elongation 
versus time curve, whereas rates obtained from a 
-linear fit to the early part of the curve (as in Fig. 1) 
are higher. This behaviour was characteristic of the 
H3LM graph ite, but was not generally observed in the 
3499 material. This phenomenon apparently reflects 
© a change in the condition of the material which is 
brought about by the creep deformation. The 
nature of this change is not understood. 
The constants B and C were both found to be 
Arrhenius functions of the temperature : 


















where B, and C, are functions of the applied stress, 
R is the gas constant, T is the absolute temperature, 
and AHp and Akce are observed activation energies. 
This agrees with the results of Davidson and Losty. 

The activation energies obtained here for B and C, 

in that order, were: 112 and 106 keal. imole from the 
initial portion of the creep curve, H3 LM ; 70 and 
180 kcal./mole for the final part of the curve, H3LM ; 
ann bé and 204 keal. jmole tor 3499. _ These valua are 
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have indicated that, for some blocks of commercial |. 


the creer behaviour is altered by heat < 
treatment at 2,800° C. prior to testing at lower 
temperatures. ‘Therefore, the energy-values obtained 
here are best regarded as apparent activation energies. 
Preliminary results indicate that equation 1 still 
holds following heat treatment, but the observed 
activation energies are somewhat lower for some 
blocks. Both B and C were found to be approximately 
proportional to the square of the initial applied creep 
stress over the range 600-3,100y at 2,565° C. This 
differs from the results of Davidson and Losty, who 
found a linear dependence on stress in the 1,300-2,000° 
C. range, 

Some observations were also made on the Peep 
recovery phenomena. In these experiments, the load 
was removed after a total creep strain of 5-20 per 
cent and the strain recovery observed at the same 
temperature as the creep. In some cases the tempera- 
ture was increased for periods of 4-1 hr. during 
recovery. This accelerated the rate of recovery but 
did not increase significantly the total amount of 
recovered strain. The amount of recoverable strain 
ranged from one-tenth to one-third of the total creep 
elongati ion. For both the as-received and the pre-an- 
nealed specimens, the recoverable strain was generally 
less than* one-half of the transient creep strain (the 
B log t term in equation 1). This contrasts with the 
results of Davidson and Losty, who found that the 
transient creep strain was completely recoverable. 
The larger total creep strains employed in the present 
investigation may contribute to this difference in 
behaviour. 

A sigmoidal curve is obtained when the strain 
recovery is plotted against the logarithm of the time 
after removal of the load. A description in terms of a 
superposition of relaxation processes with a broad 
spectrum of relaxation times is indicated to account 
for the curvature in this plot at very short and very 
long times. However, the recovery behaviour can 
be approximated by a linear logarithmic time depen- 
dence. consistent with the use of equation 1 to 
describe the creep behaviour. Such a deseription de- 
viates significantly from the observed results only at 
very short and very ys times (for example, < 2 min. 
and > 200 min. at 2,680° C.) 

Equation l is compared with two other creep 
equations, applied to the analysis of high-tempera- 
ture creep of graphite, in a paper published elsewhere*. 
Grateful acknowledgment is made to L. D. Jaffe 
and H. E. Martens for helpful discussions and 
to King Titus for assistance with the eomputa- 
tions. 

This communication presents the results of one. 
phase of research carried out at the Jet Propulsion — 
Laboratory, California Institute of Technology, under 
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CRYSTALLOGRAPHY 


Mosaic Texture of Graphites 


CrYsTAL sizes in graphitic carbons are commonly 
in the » or sub-y range. The average dimensions of 
the crystallites (that is, the parallel-layer groups of 
condensed aromatic ring networks) in any particular 
material are usually deduced from measurements of 
the widths of X-ray powder diffraction maxima. 
Although the measurements are complicated by the 
presence of stacking disorders, techniques exist* for 
elfniwating the effects due to these. The dimensions 
thus obtained are : La the average diameter of layer- 
network over which there is considerable perfection, 
t the average height of parallel-layer group over which 
the stacking is fully ordered, Le the total height of 
the group irrespective of the presence of disordered 
(turbostratic) stacking. With crystallite dimensions 
greater than about 200 A. the accuracy of the determ- 
ination depends very considerably, and to an extent 
increasing rapidly with crystal size, on the corrections 
for extraneous (instrumental, absorption, ete.) line- 
broadening effects. Nevertheless, for good natural 
graphites the crystallite dimensions are congistently 
found to be not more than a few thousand A. (ref. 2 and 
Steward, E. G., and Cook, B. P., unpublished work). 
For artificial graphites the dimensions are usually 
less than 1000 A. (refs. 2,3,4 and Steward, E. G., and 
Cook, B. P., unpublished work). 

Recent considerations® of the graphitization process 
in anthracites, pyrolytic and evaporated carbons 
suggest that current views on graphitization are 
unnecessarily restricted by attaching too great an 
ultimate and exclusive importance to dimensions 
measured in the above manner : the concept of larger 
mosaic ‘M’ units has been suggested. Kuroda’ has 
used electron diffraction to study cokes and has 
recently reported evidence of the presence of sub- 
structure with preferred orientation. Further evi- 
dence in support of the general concept could also be 
deduced from the more recent electron microscope 
studies by Dawson and Follett?, who have reported 
erystal layer-sizes of about 3000 A. in a graphitized 
coke for which X-ray diffraction had given La values 
of less than 800 A. 

Visual examination of crystal flakes of natural 
graphites clearly reveals a highly oriented mosaic 
structure. Such flakes may have dimensions of 
several mm., but X-ray diffraction measurement 
would indicate parallel-layer group dimensions much 
smaller than this. That the ‘L’ dimensions deduced 
from the X-ray diffraction broadening arise from the 
sub-structure may be demonstrated quite simply 
by the X-ray diffraction Laue method. Fig. la shows 
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Fig. 1. Laue-type X-ray diffraction photographs of graphitic 

carbon flakes: 50u beam apptorimsiey normal to A 

(Copper radiation.) @, Natural (Ceylon) graphite; b, petroleum 
coke: graphitized at 2,700° C. 


a Laue pattern taken with an X-ray beam of 50y 
diameter, approximately normal to a flake selected 
from a sample of natural graphite. The pattern is 
seen to approximate to that of a single crystal. 
However, the spots show break-up typical of a mosaic 
crystal and it is the diffraction broadening of the 
individual reflexions within the spot-clusters which is 
dependent on the size of the mosaic sub-blocks (that 
is, the parallel-layer groups) and which is the diffrac- 
tion broadening normally recorded in the ‘powder 
method’. The well-modulated 70 reflexions and the 
sixfold symmetry of these indicate that there is little 
stacking disorder of layer-planes within the parallel- 
layer groups and that there is strong preferred 
orientation of the a-axes of the various parallel-layer 
groups comprising the mosaic: the weak intensity 
of 0002 reflexions indicates that the layer-planes are 
essentially perpendicular to the X-ray beam. 

It is logical that a similar mosaic condition exists 
to different extents in graphitic carbons generally. 
This is illustrated in Fig. 16, which shows the Laue 
pattern obtained with the 50. beam, from a thin 
flake of graphitized coke : the selected flake was not 
necessarily typical of the whole coke. The intensity 
of the 0002 reflexion relative to that of the 10 reflexions 
again indicates a mosaic formed by strong preferred 
coplanar orientation, parallel to the surface of the 
flake, of the La areas: the pronounced arcing of the 
weak 0002 reflexions is due to the flake being somewhat 
cylindrically curved about an axis approximately 
normal to the beam. The extensive modulation of the 
10 band into the component 3-dimensional 1010 and 


1011 reflexions shows that turbostratic stacking is 
not appreciable: the circumferential arcing of spots 
to form smooth rings is therefore indicative of a large 
number of small (La) units and of lack of preferred 
orientation of the a-axes of these within the above 
mosaic planes. 

These simple experiments thus demonstrate by 
X-ray diffraction methods the existence one would 
expect of mosaic units in graphitic carbons. In such 
a material the particles will not necessarily have a 
uniform L : M size relationship and there will also be 
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one carbon to another. 


development in other so-called ‘graphites’. 


Thus, while X-ray diffraction has the unique 
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Crystal Structure of Adenosine-5 '-phosphate 


APENYLIC acid, or adenosine-5’-phosphate, is a 
nucleotide of particular biochemical interest. It is 
not only a component of ribonucleic acid, but also 
forms a part of the structure of many coenzymes 
and, as the di- and tri-phosphate, it is frequently 
involved in metabolic processes. Spencer? has 
reviewed the information-at present available on the 
constituent components..of the nucleotides from 
crystal structure analysis. In addition to the refer- 
ences cited by Spencer, one may also mention the 
brief note of Brown ef al? on a single projection of 
adenosine-3’-phosphate and the paper by Alver and 

= Furberg? on the structure of cytidine-3’-phosphate. 
No nucleoside-5’-phosphate has been solved previ- 
a 














it cell parameters for adenylic acid are a = 
Ko b = 11-82 Å., c = 4-88 Å., 8 = 92° 19’, 
pace group P2,. Unidimensionally integrated data 
collected on a Wiebenga-type camera using 
radiation. © 
= The structure was solved by three-dimensional 
‘Patterson. superposition methods based on identi- 
fication of the phosphorus peak in the Harker section 
ato = 4., It has been refined in projection on (010) 
and along [001] to R values of 13-7 per cent and 13-4 
“per cent respectively. Fig. 14 is an F, synthesis 
showing e(x,y).at the present state of refinement, and 
Fig. 1B is a:perspective drawing of the molecule. — 
- It may be noted here that the ribose ring is puckered 
in such a way that carbon 3’ is about 0-5 A. out of the 
approximate plane formed by the four remaining 
atoms of the ring, lending further support to Spencer’s 
hypothesis that the preferred conformations of the 
ribose ring are those with either atom 2’ or 3’ out of 
the plane. 


























_ different types of boundary between the L volumes 
= comprising an M mosaic. In some circumstances 

<. there may be a condition where L = M and the 
_ particle would then be an unoriented agglomerate of 


he texture will, of course, vary profoundly from 
: In a well-erystallized (for 
- example, natural) graphite there will be considerable 
< -dimensional near-parallel alignment of layer-groups 
.to form mosaics closely approximating to single 
 erystals. Larger misorientations between the mosaic 
__sub-blocks, particularly in the Ma plane, would in 
wt. account for the limited ultimate erystalline 


ity to reveal the size of the basie crystalline unit 
in carbons, further parameters need to be recognized 
when. assessing the general crystalline texture of such 
physical 
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(B) k ° 
Fig. 1. (A) Fourier synthesis showing projection of electron 
density along [001}; contours at intervals of 2 e/A.*. (B) Perspective 
drawing of the adenylic acid molecule 
The structure is being refined further with full 
three-dimensional data, and a complete account will 
appear elsewhere. 
J. KRAUT 
Department of Biochemistry, 
L. H. Jensen 
Department of Anatomy, 
University of Washington, 
Seattle 5, Washington. 
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Crystal Structure of 
Tetraphenylcyclobutadiene Iron Tricarbony! 


Taere has been much recent interesti- in the 
possible existence of the cyclobutadiene ring system 
in transition metal complexes, and a crystal structure 
determination? has verified that Criegee and Schré- 
ders C,H ,,NiCl, is indeed tetramethyl cyclobutadiene 
nickel dichloride. The present investigation similarly 
verifies the conjectures? that the compound 
Fe(CQ),(C,.H,C.C,H,), of Hiibel et al.‘ is tetraphenyl- 
cyclobutadiene iron tricarbonyl. 

The yellow crystals, supplied by European Research 
Associates, are monoclinic with a, = 8-93 Å., b, = 
18-73 Å., ¢ = 14-10 Å., 8 = 92-6°, with four mole- 
cules per cell, and have extinctions corresponding to 
space group P2,;-. Diffraction intensities were 
obtained by the stationary crystal-stationary counter 
technique? at rates as high as 500 a day using a 
General Electrie XRD-5 spectrometer equipped with 
single-crystal orienter and scintillation counter. A 
total of 2,306 reflexions, all the reflexions with | 
a} sin 0 < 0-481, were measured with a molybdenum 
Ka source; of these, the strongest 1,100 have been 
used in the work so far. 





CsHs 





e The three-dimensional. Patterson function clearly 
o indicated the correct Fe—Fe vectors. Three-dimen- 
_ sional superposition based on the Fe position and 
_ recorded by means of the zero contour of the minimum 
function led to the correct structure except for two 
< carbon atoms, one missing and one badly misplaced. 
_ Af electron-density map then revealed the complete 
structure, and two further cycles of Fourier refine- 
ment have resulted in only relatively small further 
adjustments. The present agreement between 
< observed and calculated structure factors is good, 
with discrepancy index (for the 1,100 reflexions used) 
of R = 0-145. Further refinement is in progress. 
~The molecular structure is shown in Fig. 1. The 
--eyelobutadiene ring is square planar to within the 
errors of the present determination of atomic posi- 
tions, which, from the planarity and symmetry of 
the phenyl rings, linearity of the Fe-—-CO groups, 
and approximate agreement of the bond-lengths with 
standard values, are judged to be about 0: 1A. 
- -Relative to an axis through the iron atom and the 
centroid, æ, of the (C,H;),C, group, the (CO), 
-constellation has three-fold symmetry to within 
_ about 3° (with angles 7-Fe-—-CO of about 120°) and 
he (C,H), constellation has fourfold symmetry to 
ess than 5° except for twisting and bending of the 
jhenyls out of the mean C, plane. The twists, all of 
he same hand in any one molecule, are about 30°, 


























The phenyl of 60° 


o is: ¥ generally good, but whereas no consistent 
intramolecular explanation is apparent for the 
asymmetry of phenyl twist, this irregularity does 
seem to correspond to certain irregularities in the 
packing. 

i R. P. Dover 

: V. ScHOMAKER 
Union Carbide Research Institute, 
P.O. Box 324, Tuxedo, New York. 
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Gaussian Wave Functions for the Hydrogen: 
Molecule 

SomE time ago, Boys! showed that the teiinies e 
potential energy integrals which arise in the quantum 
mechanical treatment of molecular problems:..are — 
easily evaluated when the electronic wave function — 
is expressed in terms of Gaussian functions : 


EC oxp{ — Za jira as at 


are constants, m are constant vectors. 





y= 


(Cy, af 
j : 

rj is the position vector of the jt) electron), and im ` 
terms of derivatives of such functions. The most- 
complicated integrals can be reduced to expressions. - 
containing elementary functions and error functions. - 
(or derivatives of error functions). eer 
Recently, Boys? showed aca this is also true when 


correlation terms such as BE 9 | 7j — Ti |” are added = 
to the exponent of (1) ; while one of us? found inde- if 
pendently that the potential energy integrals associ- 


ated with Gaussian functions of the very general type: 
y= "his exp (— Qr) (2). 


(where Q; is any positive definite quadratic form and 
P} a polynomial in the electron co-ordinates) can 
be reduced to quadratures. 

Gaussian functions of the form (1) have been 
used by Meckler! in calculations for the oxygen mole- 2 
cule. The more general functions which result from — 
the addition of correlation terms are of interest 
because inter-electronic correlation is not easily taken 
into account when conventional wave functions 
(based on atomic orbitals) are used. 

As a first step in the examination of wave functions — 
of the form (2) we have carried out calculations for 





the ground-state of the hydrogen molecule. The 
wave functions were of the form : > 

n ae. ae 
ped Ce [put (1,2) + get (2,1) + eK (1,2) + px (2, Di 


k= 

get = exp{—ap (ei! yP) - — bg (@,? + Y:*) — 

Dgr (4%, + YY.) — Ck (2, Æ ag)? — dy (2 + Be)? — a 
Qhz (2, + oR) (% E Bx)} se T a 


which TT to electron orbitals of eylin 
symmetry with correlation and with ‘floating’ cen 
The energy was minimized with respect to the 
meters Cyan beep dpthebpgehe, at the equilibri 
internuclear distance. Table 1 lists the bin 
energies obtained for n = 3, 4, 6’and 8. 











Table 1 
= 3 4 6 
No, of independent variable parameters 26 35 53 71 
D (eV,) 4-30 442 4°52 4°58 





The omission of the correlation parameters (gek) _. 
at to poorer results (4:07 for n = 3 and 4-35 for: 
= 8). 

' The binding energies obtained with n = 6 and 
n = 8 are, so far as we know, higher. han. any other 
calculated values except those of James. and Coolidge®: 
(4-70); and it is worth noting that these authors. 
used elliptical co-ordinates which are not suitable 
when the molecule contains more than two centres. 

In spite of the large number of variable parameters 
the computing times (on & ‘Mercury’ electronic com- 















puter) were relatively short: the evaluation o 
ypical matrix élement, for: example : cae 
-> Sor (L, 2) Hor (2, 1) de 
red less than 0-2 sec., the calculation of the 
gy for a given set of parameters varied from 
3 sec. for n = 3 to 63 sec. for n = 8, and the 
ae corresponding total computing times were approx- 
=. imately 2 hr. and 14 hr. respectively. 

< A full account will be published elsewhere. Further 
work is in progress. 
“We wish to express our thanks to the director 
nd. staff of the London University Computer Unit 
m enabling us to use the facilities of the Unit. 

es J. V. L. LONGSTAFF 
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Non-Equilibrium Theory of Gas-Liquid 
Chromatography 


In a gas-liquid chromatographic column the 
assumption. of equilibrium demands that the rate con- 
stants for solute transfer between the gas and the 
liquid phases must be infinitely large and the flow- 
rates extremely small. In practical columns neither of 
these conditions is ever fulfilled; the kinetic rate 
constants are finite, and the use of extremely slow 
flow-rates is out of the question because of undesirably 
long retention times and pronounced longitudinal 
diffusion in the gas phase which enhances band 
broadening. This has led various workers to advance 
theories which take account of the effect of non- 
equilibrium conditions on band structure and column 
efficiencies'-*. Of particular importance is the van 
Deemter theory‘, which tuses the driving force con- 
cept to describe the departure from equilibrium in 
terms of resistances to mass transfer in the gas and 
the liquid phases. The- hypothesis of interfacial 
equilibrium involved in the theory is one the validity 
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emonstrated directly by experi- 
e of equilibrium at the interface 
would mean that if the concentration in the liquid | 
phase at the interface is specified, the concentration = 
in the gas phase at the interface is the same as if 
the two phases had been in contact for an indefinite 
length of time. Owing to continuous flow of carrier 
gas it is scarcely likely that the molecules once evap- 
orated from the surface will get to the same spot 
again, and this, obviously, introduces conceptual 
difficulties regarding the nature of dynamic equilib- 
rium at any point within the column. A natural 
consequence of the assumption of interfacial equilib- 
rium is that once the diffusing molecules strike the 
interface, they pass into the other phase without = 
experiencing any resistance at the interface itself. = 
On the contrary, discrepancies between the calculated 
and observed rates of absorption suggest that there 
should be resistance to mass transfer at the inter- 
face>-?. From the point of view of the theory of 
absolute reaction-rates, there are sound theoretica] 
grounds for postulating the existence of interfacial 
resistance. One can imagine an energy barrier 
which may involve the formation of an ‘intermediate- 
activated state’: of all the molecules which strike 
the boundary surface only those which have the 
required energy of activation for diffusion surmount 
the energy barrier while the rest rebound into thp 
gas phase, and furthermore the orientation of rfole- 
cules may play a part. 

A more general theory of the chromatographic 
process, which takes into account the whole gamut 
of diffusion processes and is not restricted to equilib- 
rium conditions, has been worked out. The absorp- 
tion and desorption processes are described by the 
simple Jaws of kinetic theory which can handle 
problems outside the domain of equilibrium in a 
fairly direct manner. The solution of the partial 
differential equations, when interpreted in terms of 
the first and second moments of the residence-time 
distribution-functions, leads to the following ex- 
pressions for the retention time (tr) and the height 
equivalent to a theoretical plate (H): 












(1) 


and: 


| (2) 
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where aja, is the ratio of the area of cross-section 
of the liquid to that of gas phase, ds, and dy, are 
‘the ‘effective depths’ of the gas and liquid phases, 
“k, and k, are absorption and desorption-rate con- 
: stanta respectively, o the surface area per unit 
column length, and the rest of the letters have 
¿the same meaning as described in van Deemter’s 
theory. 

. The theoretical basis for the above expressions is 
too lengthy to be given here. Although diffusion 
m the liquid phase normal to the interface is of 
primary importance, the general treatment of the 
oblem demanded the inclusion of diffusion parallel 
to the interface which is represented by the last 
term in equation 2. In gas-liquid chromatography, 
the resistance to mass transfer in the gas phase is 
usually assumed to be negligible as compared with 
that in the liquid phase. The resistance at the inter- 
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- chromatographie columns particularly at high flow- 
rates and low specific surface areas. We are at 
_ -present investigating the possibility of evaluating the 
_. expression for interfacial resistance. 

- I wish to express my thanks to the Directors of 
“Shell” Research, Limited, for their kind permission 
_ bo publish this communication. I am also grateful 

to Mr. A. J. Davies for many helpful discussions. 

soe M. A. Kuan 

“Shell” Research, Ltd., 

Thornton Research Centre, 
P.O. Box 1, 
Chester. 
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ae A Rapid Method for Qualitative Analysis 
a of Volatile Mercaptan Mixtures 

















`. Tx recently developed technique of flash exchange 
: gas chromatography}? has proved valuable for the 
determination of trace quantities of volatile aldehydes, 
ketones. and acids. This approach has now been 
extended to the qualitative analysis of vola- 
tile mercaptans** by use of the exchange reaction 
: mercuric mercaptides and toluene-3,4- 


-< . Mercurie mereaptides®-? (3-5 mgm.) are introduced 
“into a glass capillary melting point tube and an 
equal weight of warmed (liquid) toluene-3,4-dithiol 
added. The tube contents are centrifuged to produce 
a slurry of mercaptides in toluene-3,4-dithiol. The 
open end of the tube is placed in the sample port of a 
gas chromatography unit and the lower part of the 
tube is heated at 245~-260° for 15 sec. in an oil- 
bath. The exchange reaction takes place and C,-C, 
saturated morcaptans flash into the unit for separation 
and identification. 

In Table 1 are tabulated the retention times for 
mercaptans regenerated in the exchange reaction. 
The reaction is slow and only the highly volatile 
mercaptans escape the reaction mixture in sufficient 
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Table 1. RETENTION TIMES FOR MERCAPTANS (RSH) REGENERATE! p 


face may be an important factor in the design of 















- FROM MERCURIO MERC APTIDES WITH TOLVENE-3, A-DITHION. 





i “Retention time (min.) 
Bo din. x 10ft. Carbowax tin. x 5 of, ‘Aptozon 
1540, 80° * M, 60° t 
H no reaction 8 

CH, 3-6 ws 1 3 
CGH, 4 "8 2 3 
#30-C sity 5-1 3 3 
n-C, HH, 7-9 54 
130-0, Hy 10 ‘5 9-4 
set- GiH 8 B B-4 
tert.-C,H, 5-2 4-3 
n-C,H, 13-9 12-9 


* Flow-rate of helium, 35 mL/min. Tf Flow-rate of helium, 50 mi. /m ; 


amount to give good detector response (heatir 
n-pentyl and n-hexyl mercaptides with toluene-3,4- 


dithiol produces no definite peaks). 


No evidence was found for the thermal decomposi® = 
tion of mercurie mercaptides to disulphides’ under = 
Alkyl oo 
sulphide-mercurie chloride complexes react with o= 
toluene-3,4-dithiol to produce the sulphide along with 


the conditions of the exchange reaction. 


small amounts of the corresponding mercaptans. _ : 


Lead mercaptides give a much slower rate of reaction = 


with toluene-3,4-dithiol than the mercuric mercap- 
tides. 


We wish to acknowledge the helpful interest. of me ee 
Prof. Arthur Furst (Stanford University) in providing oe 


several potential exchange reagents. 


Joun F. Carson 
WILLIAM J. WESTON 
-Jack W. RALLS* 


Western Utilization Research and Development 
Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Albany, 
California. 


* Collaborator employed by the National Canners Association, with | 
which this work was conducted co-operatively. 
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Coloured Sulphur Deposits at Low- 
Temperatures 






F. O. Rice obtained green, purple and bla 
deposits by chilling sulphur vapour at liquid 
temperature'. Several parameters of the experiments, 
predominantly the vapour temperature, determine 
the colour. With the help of equilibrium data of the » 
vapour composition? Rice has concluded that the 
yellow deposits arise from cyclo-Sg, green ones from 
ecatena-S, and purple to black ones from 8,. 

In the course of a series of investigations on 
unstable low-temperature deposits we have chosen 
the sulphur system as a model. A 
results follows’. E 

Each apparatus consisted of four ‘un 
(1) sulphur reserv oir with large li 
temperature v,° C.; (2) heated quar 
for multiple collisions of sulphur molecules with the 
wall at vy° C.; (3) Oe beam defining orifice ; 
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o f 145 600 188 0 °2 dark green red | 
l 200 173600 — 188 1-6 | violet ` yellow red 
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(4) target (ice, sodium chloride, potassium bromide, 
quartz, aluminium, copper) in high vacuum at 
temperature ¥,° ©. The experiments were performed 
under near equilibrium and widely varied conditions, 
for example, y and sulphur vapour pressure, vy, vy, 
(liquid helium, hydrogen, air, ethylene, solid carbon 
dioxide, room temperature), residual gas-pressure, 
rate of sulphur deposition. 

Coloured deposits (other than yellow ones) are 
formed at vy > 250° C., y < — 100° C., and at a 
target ambient pressure sufficiently low for essentially 
collision-free flow of molecules from orifice to target. 
The deposits have a rough surface and sandy texture 
below — 100° C. 

Table 1 shows the correlation of colour with vs and 
rate of deposition. 

Ultra-violet and visible spectra of green deposits 
are continuous with a maximum absorption at 
507 mu. 

In the infra-red all the deposits lower the trans- 
mission considerably in the range 1-25y, probably 
due to scattering. Coloured deposits exhibit a strong 
absorption-band at 14-96u = 668:5 cem.) (Fig. la) 
with a half-width of ~ 7 emi. This band grows 
linearly with deposit thickness (Fig. 1b), does not 
change in 150 hr. at — 190° C., but vanishes according 
to a first-order rate law with i} = 57:7 hr. at — 104° 
C. (Fig. 1c), and (extrapolated) ¢; = 18 min. at 
—78° C. Deposits which have been above — 78° C. 
do not redevelop infra-red absorption or colour on 
re-freezing to — 190° C Pees 

This infra-red band i üt any doubt due to the 
unstable sulphur form hod of purification and 
other arguments*). There is no measurable qualitative 
correlation of infra-red spectrum with colour. In 
matrix experiments with xenon (Xe: = 500) only 
green deposits are formed with the same band at 
668 em.~'. | 
a micro-wave frequency of 9,500 Me./sec. no 
“paramagnetic resonance is observed with 3-2 mgm. 
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of green sulphur deposit at — 188° C. in the cavity 
between 2,000-7,000 gauss (line width 100 gauss). 
An upper limit of 0-01 per cent detectable ‘free spins’ 
relative to the deposited number of S-atoms follows 
from this observation (measurements by Mr. F. 
Waldner, Physies Institute of the University of 
Zurich). 

Deposits of different colour have an electrical 
resistivity of 2 x 10° Q cm. at — 188° C. compared 
with 108 Q em. for normal sulphur. No photo- 
sensitivity with near ultra-violet and visible light is 
observed. 

At room temperature deposits on sodium chloride 
formed below — 100° C. can be removed as coherent, 
shiny films which collapse elastically to a fortieth of 
their surface-area. They are 30 per cent soluble in = 
earbon disulphide 2 hr. after warming up. 

The experiments with a xenon matrix demonstrate 
the existence of trapped S, since this is the only 
sulphur constituent of the molecular beam. ~The 
infra-red absorption at 668-5 cm.-! must, therefore, 
be attributed to an induced vibrational transition of 
S, in the asymmetrical quasi-solid environment which 
has not been communicated before. There is a shift 
of 53 em.-! from the fundamental wa, = 721-6 ¢m.-! 
in the gaseous state’. This fact and a barely visible 
fine-structure (Fig. ld) are also characteristics of 
induced absorptions in liquid or solid oxygen’. 8, 
is also responsible for the green colour of the yen8n 
matrix. With the deposits of pure sulphur alone 
additional colours and a not very much stronger infra- 
red band are observed than in the very dilute 5,—Xe 
matrix. This can be understood by the following 
argument. S, molecules arrive at the target with 
enough kinetic energy to align themselves, combine, 
and form unoriented chains of variable length before 
attaining the target temperature. All these S,- 
chains (n = 3, 4...8...) together essentially 
show continuous infra-red absorption in the range 
studied. They form a ‘self-matrix’ which traps S, 
molecules at a concentration which is dependent on 
the parameters of deposit-formation, but which is 
constant under specified conditions. 

Whereas this. mechanism accounts for the trans- 
formation of most of the S, molecules on the target, 
the explanation of the different colours must start 
from the observation that no direct relation of the 
molecular composition of the deposits with colour 
exists. Infra-red absorption attributable to S, or S, 

. or S,... is not detected since no band, except at 
14. 96y, show s up clearly. Therefore the colour must 
be due to the physical pattern of aggregation of the 
sulphur on the target, that is, to selective scatter- 
ing at polymer-clusters of roughly equal diameter’. 
Their size (~ 1000 A.) depends on the rate of deposi- 
tion or vapour temperature (Table 1). Reflected and 
transmitted light have complementary colours in 
agreement with this interpretation. Above — 100°C, 
the clusters combine and merge into a film covering the 
target evenly. The rough surface changes to a shiny 
one. Trapped 8, molecules are set free to add to 
longer chains. On freezing again no 8, absorption 
or colour-changes are detectable. The result of 
the paramagnetic resonance measurements is con- 
sistent with these interpretations’. The biradical 
character of the chains is probably responsible for a 
much lower electrical resistivity, the electrons in 
antibonding x-orbitals being largely delocalized along 
the chains. | 

This work has been supported in part by the 
Schweizerischer Nationalfonds, project A 92. We 
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Nature of the Colour-ferming Species in 
Be Peroxy Titanium Sulphate 


ALTHOUGH titanium is determined colorimetrically 
In aqueous sulphuric acid medium in presence of excess 
_ of hydrogen peroxide, the nature of the colour-forming 
species is not known definitely. Schwarz) suggested 
that the colour was due to the peroxo~disulphato 
titanate anion [O,Ti(SO,).]*. On the other hand, 
< Jahr? and later Gastinger? considered that the colour 
of the compound was due to the peroxy titanyl 
¿cation [TiO, aq.]*, and suggested the following 
equilibrium in solution : ý 


(Tid, aq. |]? Ea H,O = [TiO aq.]? + HO, (1) 


Coloured Colourless 


_ Schaeppi and Treadwell! attributed the colour to 
O,TiSO, or [0,Ti(SO,).]%. whereas Babko and 
olkova’ represented the coloured complex ion as 
Ti(H,0,.)]*. Mori, Shibata, Kyuno and Ito 
garded the coloured species as [TiO, aq.]** or 
(OH),(H,O}(H,.O,)]*, assuming the co-ordination 
umber of titanium to be four. Thus, a variety of 
mstitutions has been proposed to explain the 
jour-forming species of the titanium complex, 
based on the investigations carried out in dilute 
ulphurie acid medium, but the complex has not been 
olated so far. oY | 
= We prepared a concentrated solution of peroxy 
< titanium sulphate by the reaction of a freshly prepared 
titanium hydroxide with a cooled mixture of the 
< calculated quantity of sulphuric acid and excess öf 
-hydrogen peroxide. The solution, when evaporated 
» 25° C. by passing dry air through it, gave a red- 
Houred solid peroxy complex of the composition 
iO, SO,.3H,0. The best sample prepared so far was 
95 per cent pure, the balance being TiOSO,.3H,0. 
je complex contained a true peroxy group as shown 
by Riesenfeld Liebhasky test. It is amorphous and 
ughly soluble in water and in absolute alcohol, but 


pee 


hydrolyses on dilution with water. The hydrolysis 
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of the compound in aqueous solutions is prevent 
by dilute sulphuric acid. . From various physico 
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The compound in dilute sulphuric acid has an 
absorption maximum at 410 my, as also observed by 
Reeves and Jonassen’, while in absolute alcohol it is 
at about 390 my. The compound when dissolved in 
absolute alcohol is found to have the structure (II). 
The molecular weight as determined by the cryo- 


scopic method in 1 N sulphuric acid gives a value of. > 


178, instead of the theoretically caleulated value of 
230. This shows a dissociation of the complex in 
solution to the extent of 28 per cent at about — 2° C. 


To find out the exact nature of the dissociation of the . | l = 
complex, electromigration, conductivity and spectro- 


photometric investigations were carried out on the 
complex. The compound in 2 N sulphuric acid 
medium showed very little electromigration towards 
the cathode, which is in agreement with the finding 
of Schaeppi and Treadwell‘. This indicates that the 
complex has practically zero charge. This observa- 
tion was confirmed by a conductivity experiment, 
from which it was found that the conductivity of a 
0-5 M solution of peroxy titanium sulphate was 
practically the same as that of the solvent. Thus the 
coloured complex is probably dissociated into two 
neutral molecules : 


Ti0,SO, ~t. H,O = TiOso, -j H.O, (2) 








| confirmed spectro- 
atio method. It was 
he complex (0-325 x 


This type of dissociatio 
photometrically by them 
found that the dissociatic 
10- AZ) in 1-6 N sulphuric an accordance with 
equation (2), was 40 per c whereas in 6-8 N 
sulphuric acid it was 33 per cent, both at 25° C. All 
studies show that the coloured compound in dilute 
sulphuric acid medium dissociates mainly according 
to equation (2). 

The present work does not support the observation 
of Reeves and Jonassen? that the sulphate ligand 
takes no part in complex formation. Further, there 
is no evidence so far of the formation of the complex => 
ions suggested by Schwarz! and by Babko and. _ 
Volkova‘. ET 

The coloured complex, represented by the structure 
(I); satisfies the normal co-ordination number of six 
for titanium. This is also supported by the fact that 
the two co-ordinated molecules of water are difficult 
to remove, when the solid complex is subjected to 
evacuation for a long time, whereas the third water 
molecule is more easily removed. 1e complex gives 
off ozone and oxygen on keeping, indicatir 
presence of the strained triangular ring of : 
group of the complex. The sulphate group oca 
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BIOCHEMISTRY 


Mucopolysaccharides of Serum and Pleural 
Fluid 


THe use of paper electrophoresis has enabled 
several investigators to establish the presence of acid 
mucopolysaccharide components in various tissue 
extracts'.* and urine*®. Two such substances, staining 
with toluidine blue, were found in human aortic 
tissue’; concentrated human urine contained three 
components which stained with alcian blue’. The 
latter all appeared to migrate more rapidly than the 
albumin fraction, with the fastest component having 
the same mobility as chondroitin sulphate A. In 
the present work, which is primarily concerned 
with the electrophoretic characteristics of various 
body fluids in agar, a component was noted in the 
porchloric—phosphotungstic acid precipitate of both 
serum and pleural fluid which possessed staining 
and electrophoretic properties similar to those of acid 
mucopolysaccharide in urine. 

The method of Winzler et al.* was used for the 
precipitation of mucoproteins from fresh normal 
human serum, normal urine, and from pleural fluid 
obtained from a patient ill with cholecystitis. To 
2-0 ml. of each specimen was added 8-0 ml. 0-75 M 
perchloric acid. In 10 min. the precipitate which 
appeared in the serum and pleural fluid was removed 
by filtration; the urine sample remained clear. 
2 ml. of 5 per cent phosphotungstic acid in 2 N 
hydrochloric acid were added to the filtrates and 
acidified urine, the tubes were centrifuged, the 
sediments washed twice with the phosphotungstic 
acid and resuspended in 2-0 ml. veronal buffer, pH 
8-6, 0-03 ionic strength. Electrophoretic separation 
was carried out at refrigerator temperature with 
techniques similar to those described by Zak and 
Jarkowski? and by Crowle*. Slides (2 x 3 in.) were 
coated with 2 per cent ‘Ilonagar’ (Oxo, Ltd., London) 
and dried at 37°C. Plastic tape was cut into strips 
approximately 3mm. wide and layered on the long 
edges of the slides. Filter paper wicks were placed 
at each end and 4-0 ml. melted 1 per cent agar in the 
veronal buffer was poured between the taped edges. 
A ‘Plexiglas’ matrix with four holes was lowered 
until it rested on the tape strips. Following a period 
of 20 min. in a refrigerator, the agar was removed 
from the holes by vacuum suction. One 0-01 ml. of 
each sample was placed in separate holes by capillary 
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Electrophoretic properties in agar of serum, pleural 
fluid and urinary acid mucopolysaccharide. Fig, 1 was stained 
with alcian blue and azocarmin; Fig. 2 with a-naphthol- 
phenylenediamine; Fig. 3, immunoelectrophoresis with rabbit 
anti-human serum placed in troughs adjacent and parallel to the 
separated fractions. Untreated serum: 1,4, 3,D; acid pre- 
cipitated serum: 1,B, 2,A, 3,C; acid precipitated urine : 1,0, 
2B untreated pleural fluid: 2,D, 3,4; acid precipitated 
pleural fluid: 1,D, 2,C, 3,B 


F igs . l -3, 


pipette. A solution of orange G was added to a sixth 
hole located near an edge of the matrix and close 
to the cathode-end of the slide. Current (9 V./cm.) 
was applied until the orange G moved 2:0 cm., which 
required approximately 20 min. The matrix was 
removed and the slides fixed and stained for muco- 
polysaccharides*, lipoprotein or mucoprotein’ com- 
ponents. 

The characteristics of mucopolysaccharide present 
in perchloric-phosphotungstic acid precipitated serum 
and pleural fluid were quite similar to those of acid- 
treated urine as shown in Fig. 1. The substance 
appeared to migrate 2-3 times faster than the 
albumin fraction and stained with both alcian blue 
and «-naphthol-phenylenediamine reagent. The 
specificity of the former dye for acid mucopoly- 
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saccharide was shown by Heremans ét al.§ and the 
present experrments confirm their observation. The 
alcian blue steamed only the fast-migrating material 
(Fig. 1) whereas the major substance of the treated 
serum and pleural fluid appeared to be mucoprotem 
(Fig. 2), which resembled the immuno-electro- 
phoretic fraction X of de Vaux St-Cyr™. This was 
confirmed by extendmg the period of electrophoresis 
until the mdicator dye had migrated the full length 
of the slide. The mucoprotein fraction then appeared 
to have a mobility similar to «,-globulin of untreated 
serum. Proteins and lipoproteins were apparently 
removed by the isolation procedures; only the 
untreated serum (Fig. 14) and pleural fluid (not 
shown) counterstained with azocarmin and with oil 
red O. Immuno-electrophoresis (Fig. 3) suggested 
that the mucopolyseccharides were not antigenic 
in the rabbit since precipitation did not occur in 
the corresponding area of migration. However, this 
apparent lack of antigenicity may be due to alteration 
of the material during acid precipitation or to a 
difference in complexity of the substance as it existed 
in the serum which was used to immunize the animal. 
Indeed, the fast-migrating mucopolysaccharide was 
not detectable in untreated serum (1, 4) or pleural 
fluid. Within the necessary limitation placed on the 
extent of separation, all fractions of the latter two 
specimens appeared to contain mucoprotein (2, D). 
FolloWing acid precipitation, the a,-globulin was the 
only main serum fraction stemimng with the dye. 
This suggested that the mucopolysaccharide repres- 
ented prosthetic groupings split from the muco- 
proteins of other serum fractions during acid treat- 
ment. Although the present evidence indicated 
this possibility, ıt may be emphasized that concen- 
tration of the samples was not attempted and, 
therefore, the existence of ‘free’ mucopolysaccharide 
cannot be excluded since the concentration may be 
below the limits of detectability. Regardless of the 
origin, it would appear important to gain further 
information concerning the biological propertiés of the 
isolated mucopolysaccharide. 

The use of agar in electrophoretic studies such as 
these offers certain advantages over paper methods. 
Separation of the various components is accom- 
plished more rapidly without loss of detail, and the 
apparatus is of very simple design. The elimination 
of elution procedures prior to immunological investi- 
gation also favours the present method. 

These investigations were supported by a grant 
(E—2653) from the National Institutes of Health, 
Bethesda. 
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A New Technique for studying the 
Quantitative Aspects ‘of Cytochemical 


* Reactions and its Application to the 


Feulgen Reaction , 


QUANTITATIVE microspectrophotometry of cyto- 
chemically stained substances in cellular structures 
should be based on a knowledge of the stoichiometry 
of the reactions involved and the condrtions influen- 
cing ıb. Thus far independent chemicel analysis of 
individual cellular structures to study the quantite- 
tive relation between colour and amount of stained 
substance in general is not possible. This relation 
can be studied on & macro-scale by incorporating the 
substance in a kind of artificial section or model 
system which makes ıt possible to carry out the 
steaming procedure under cytochemical conditions. 
For this purpose thin cellulose films were chosen. 
The extinction of the film after the staming procedure 
is proportional to the mass of the stained substance 
per unit area in the film. This mags is proportional 
to the amount of cellulose in the same area, provided 
the substance is uniformly distributed. 

Since the cellulose films can be made of reasonable 
strength this amount of cellulose per unit area can 
be found by punching out pieces of known diameter 
in the measured region and weighing the dried 
punches. If no loss of substance occurs during 
preparation and staining of the model system the mass 
of stained substance per punch weight can be derived 
from the calculated composition of the film as a whole. 

If an analysis method for the substance is known 
or can be developed this method can be used to 
analyse individual punches directly at the end of the 
staining procedure. Such analysis makes the method 
independent of initial regular distribution or irregu- 
lar loss of the substance in different areas of the 
film. Another advantage of the use of cellulose 
films is ther favourable optical properties, which 
permit the study of spectra of the mcorporated 
substance down to 230-240 mu. 

To demonstrate the value of this system, deoxy- 
ribonucleic acids were incorporated in a cellulose 


The model system was prepared from a solution of 
deoxyribonucleic acid in viscose spread in a thin 
layer on a glass plate. This layer was dried somewhat 
at 60° C. and converted in a cellulose film in which 
deoxyribonucleic acid was quantitatively incorporated 
through the action of a mixture of 3 vol. methanol 
and 1 vol. formic acid. The films were fixed overnight 
in a mixture of 30 per cent formaldehyde and methanol 
(1/9 v/v). After Meera been kept in methanol for 
some days, the films were subjected to the Feulgen 
reaction (hydrolysis for 12 mm. at 60° C. in 1 N 
hydrochloric acid). The stained films as well as their 
appropriate controls were cut into small strips. 
These strips were transferred to a spectrophotometer 
cell filled with o-xylene and were held mechanically 
in a stretched position. After the measurement of the 
extinction a round piece of each strip was punched 
out in the region that had been traversed by the 
light beam. The dried punches were weighed and 
analysed for inorganic phosphorus after digestion in a 
perchloric acid—hydrogen peroxide mixture. The 
standard deviation of the mean of the values of 
phosphorus content per mgm. dry cellulose of the. 
unstained punches could be kept within 1 per cent. — 

The result of an experiment in which films of various 
concentrations of deoxyribonucleic acid were used 
1s given in Fig. 1. From each film strips were cut, 
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in xylene was found to be in the range 


which were stained omitting the hydrolysis procedure. 
The results show that a linear relation exists between 
the deoxyribonucleic ecid content after staining and 
the value of the extinctions measured. This hnearity 
is not influenced by the formaldehyde treatment and 
in general is independent of the way in which the 
films are prepared from the viscose layer. Since 
the points in the graphs are based on mean values from 
five to six punches, an impression of the accuracy of 
the method can be gained from the standard devia- 
tions for the quotient H/yP of the individual punches, 
given in Table 1. These results give further proof 
of the validity of the Feulgen reaction as a quantita- 
tive method for deoxyribonucleic acid. 


Table 1 





t Btandard deviations. t Number of punches. 


* Seo Fig. 1. 


Cytophotometry of Feulgen-stained cell nuclei ım 
general is carried out on an empirical basis, working 
with arbitrary units of deoxyribonucleic acid content 
within & certain experiment}. Based on the hypothe- 
sis of the constancy of the amount of deoxyribonucleic 
acid in cell nuclei within one species, macro-analysis 
of suspensions of cell nuclei in this particular case 
could be used to some extent to investigate the 
stoichiometric relations involved, as was done by 
Ris and Miraky*. The use of an artificial section may 
facilitate the study of the factors influencing the 
stoichiometry of the Feulgen reaction. Such studies 
may contribute to the solution of the problem if the 
deviations from the constancy hypothesis, still found 
by microgpectrophotometry of Feulgen-stained nuclei, 
are based on real variations in deoxyribonucleic acid 
content. 
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The system seems suitable for testing the behaviour 
of other aldehyde reagents instead of the Schiff 
reagent in the Feulgen reaction. In this respect we 
investigated the behaviour of the blue thionine—-SO, 
aldehyde reagent reported previously*. These studies 
show @ similar linear relation between extinction (at 
590 mp) and deoxyribonucleic acid amount as was 
found for the Schiff reagent. 

Investigations with the aid of the model system may 
facilitate the finding of staining conditions that 
reflect to some extent the positions of the aldehyde 
groups in the apurinic acids from several types of 
deoxyribonucleic acid. 

Since its value has now been proved for the 
Feulgen reaction it appears reasonable to extend the 
method to compounds other than deoxyribonucleic 
acid for which a study of the stoichiometric relation 
cannot be based on a constancy hypothesis. 

In its present form the method is limited to the 
investigation of quantitative cytochemical behaviour 
of alkali-stable substances. Removal of the excess 
alkali from the viscose just before mixing and film 
formation seems possible. In addition other cellulose 
derivatives with film-forming potentialities are known 
to exist so that the present limitations appear to be 
surmountable. 

Part of this work has been published as a thesis for 
a Ph.D. degree by one of us‘. 

Full details will be published elsewhere. We wish 
to thank Miss J. Allaart for technical assistance. 

P. van DUIN 
J.-P. PERSIJN 
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Biologica! Significance of Peptide containing 
Hydroxyproline during the Development of 
Carrageenin Granuloma 


ALTHOUGH it is generally accepted that free 
hydroxyproline cannot be utilized for the synthesis 
of collagen’, we have demonstrated in previous 
papers a close interrelation between the level of free 
hydroxyproline ın tissues of rats*, or in the body of 
chicken embryos‘, and the rate of collagen synthesis 
(after cortisone administration). In a recent paper 
Green and Lowther* presented proofs that the forma- 
tion of protein-bound hydroxyproline proceeds by 
way of ‘activated’ prolme which is hydroxylated 
during the incubation in granuloma slices to form 
‘activated’ hydroxyproline. The possibility of such 
@ hydroxylation of proline tn vitro has been demon- 
strated recently’. Some hypotheses dealing with 
collagen synthesis presume in connective tissue the 
presence of peptide with hydroxyproline, the bio- 
chemical existence of which has not yet been proved. 
In an ultrafiltrate of extracts from bovine embryonic 
tissues homogenates (subcutis, growth-zone of bones) 
we found repeatedly several peptides containing 
hydroxyproline. Their chromatographic and other 
biochemical characteristics will be published else- 
where (Kobrle, V., and Chvapil, M.). 

In this study are presented further findings con- 
cerning the biological significance of peptide or 
peptides containing hydroxyproline. 
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For this reason carrageenin granuloma in guinea 
pigs was produced by the usual technique’ under 
sipultaneous penicillin and streptomycin treatment. 
On irfiiividual days of the development of the granu- 
loma until the fifteenth day, the tissue was collected, 
homogenized with the aid of sir as fluid and with a 
Potter and Elvehjem apparatus, extracted 60 min. 
with 0-14 M sodium chloride. The whole homogenate 
was centrifuged at 15,000g ; the proteins in the super- 
natant were separated by means of ultrafiltration in 
metal preasure ultrafilter using a membrane sup- 
plied by Nojax Cellulose Casinas, Visking Corp., 
Chicago. The absence of proteins in ultrafiltrate was 
always re-examined. An aliquot of the ultrafiltrate 
was hydrolysed (6N hydrochloric acid, 140° C., 3 br.). 
In hydrolysed and non-hydrolysed parts of thb filtrate 
we determined colorimetrically the amount of 
hydroxyproline’, and the total amount of imino- 
groups!’ polarographically. In an aliquot of the whole 
homogenate we determined after acid hydrolysis the 
total hydroxyproline’, and in another aliquot the 
amount of deoxyribonucleic acid!!. Two indepen- 
dent series of experiments were carried out with 
similar results. 

Results of a second series of experiments are sum- 
marized in Table 1 and Fig. 1. 

It is evident that in the first days of granuloma 
development there occurs an accumulation in tissue 
of peptide contaming hydroxyproline which forms 
20-65 per cent of total filtrable hydroxyproline. It 
18 worth mentioning that the changes in peptide- 
hydroxyproline follow the changes in amount of 


Table 1 


Duration of experiment (days) 


Free hydroxyproline* 
eres hydroxy- 


Porcentagé of i Dopinde- 
hydroxypro 

Total tissue hydroxy- 
prolme 

Deo orbonalis aold 





+ Peroentago Dee Je-hydrox 
of peptide- 
ultrafiltrable hydroxyprolin 


f100 mgm. of dry substance. 
‘yproline is caloulated from total 
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deoxyribonucleic acid in tissues. In good agreement 
with the findings of Jackson'*, the maximum of . 
collagen accumulation is 7-10 days. 

The level of free hydroxyproline in granuloma, ee 
diminishes at first, and then alterg simultaneously 
with peptide. 

The presence and the amount of peptide with” 
hydroxyproline in an ultrafiltrate does’ not depend 
on whether the tissue homogenate was heat-treated 
(100°, 10 min.) or not. For this reason we exclude 
the possibility that peptide hydroxyproline is the 
source of collagen degradation by some tissue enzymes. 

We suppose, therefore, that the accumulation of 
peptides containing hydroxyproline in their molecule 
in carrageenin granuloma is connected with early 
collagen protem synthesis, or stimulated collagen 
production bound on the presence of fibrillogenio 
connective tissue cells. The interrelation of free 
hydroxyproline and peptide—hydroxyproline is not 
yet quite clear. The elucidation of these questions 
is the task of further studies. 

M. CHVAPIL 
B. CmuowaLova 
Institute of Industrial Hygiene and 
Occupational Diseases in Prague, 
Karlovo nam. 33, Praha 2, 
Czechoslovakia. 
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Flavonoid Compounds in the 
Inflorescence of Helichrysum arenarium 


Ly & previous paper! we reported the isolation and 
identification of three crystalline compounds from 
the inflorescence of Helichrysum arenarium. We 
isolated from the alcoholic extract the salipurposide, 
naringenin-5-glucoside (5,7,4’-trihydroxyflavanone-65- 
glucoside), C,,H,,015°2H,0, m.p. 219-224°, yield 
0-25 per cent, acetyl derivative m.p. 174-177°. 
Until then, this flavanone glucoside had been found 
only in Saliv purpurea and Acacia floribunda. 

We also isolated the apigenin (5,7,4’-trihydroxy- 
flavone), m.p. 346°, yield 0:03 per cent (ttiacetyl 
derivative m.p. 179-5-181-5°, dimethyl derivative 
m.p. 155—-156°), which occurs in dried flowers in a free 
state. After hydrolysis with dilute sulphuric acid 
of a syrupy fraction, which could not be obtained in 
crystalline state, we isolated the kæmpferol (3,5,7,4’- 
tetrahydroxyflavone) C,,H,,0,, m.p. 276-278°, yield 
0-1 per cent; triacetyl-derivative m.p. 177°. 

Now we have obtained evidence that kampferol 
occurs in Helichrysum arenarium as a glucoside. 

Using paper partition chromatography we have 
shown, besides salipurposide, the presence of still 
two other flavonoid compounds. (Whatman No. 3 
circular-paper chromatography, ethyl acetate—formic 
acid—water, 10:2:3, Rp = 0-84, Rp = 0:77.) One 
compound could be isolated in pure state, ©5420 4; 
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m.p. 171-175°, Ry = 0:84, yield 0-1 per cent (calc. 
C, 56:25; H, 4:50; found: O, 65-89; H, 4:54) and 
identified with ksampferol-3-glucoside (astragalme). 
This substance hydrolysed with acid gives a compound 
with m.p. 278-280°, Rp = 0-87 (Whatman No. 1, 

n-butanol-acetic acid—water, 4: 1:5) identified with 
kempferol, and glucose identified by paper chromato- 
graphy (Ry = 0-18) and its osazone. 

By methylation and thereafter hydrolysis a crystal- 
line compound, m.p. 148-149°, identical with 6,7,4’- 
trimethylkempferol was isolated. This provides 
evidence of location of the glucosidic linkage at 
position 3. 

Our Ry value distinctly differs from the observed 
one by Hérhammer’, Ry = 0:87, in the same solvent 
system. 

The simultaneous occurrence in the same plant of 
three grades of oxidation of the flavonoid nucleus— 
flavanone, flavone, flavonol (naringenin, apigenin, 
kæmpferol}—is interesting. One may suggest the 
possibility of biosynthesis of apigenin from naringenin 
and of kwmpferol from naringenin or apigenin. 

Analogous oxidations were realized by iodine, 
selenium dioxide and hydrogen peroxide tn vitro. 

The results of pharmacological study now under 
investigation will show if the flavonoid compounds 
which we have isolated sre responsible for the 
cholagogue activity observed for the drug. 

The crude extract, containing apigenin as major 
compound, showed in preliminary trials cholagogue 
activity, and another, containing salipurposide and 
ksempferol-3-glucoside, showed a spasmolytic activity 
and a feeble cholagogue one (A. Szadowska, Depart- 
ment of Pharmacology, Med. Academy ; more exten- 
sive results will be published elsewhere). 

Z. I. JERZMANOWSKA 
J. T. GRZYBOWBKA 
Organic Chemistry Department, 
Medical Academy, 
Lódź, Poland. 
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Improvement of the Intravenous 
Glucose Tolerance Test 


GLuUcosE is carried to its metabolic sites directly by 
plasma water and only indirectly by red blood cells. 
Accordingly, the intravenous glucose tolerance test 
would convey greater information if it were reported 
in terms of plasma glucose concentration. Yet whole 
blood is currently used in such determinations. 
Whole blood contains glucose in both red blood cells 
and plasma, and since the transport between them is 
moderately slow the concentrations are generally 
different when blood glucoge-levels are rapidly 
changing. For example, if plasma water glucose 
concentration is suddenly raised from 100 to 200 

. per cent, data of Bowyer and Widdas! indicate 
that it would take 17 min. for the glucose concen- 
tration in the red blood cell water to reach 190 mgm. 
per cent. 

Slow transport brings into question interpretations 
based upon a4 simple exponential model for the 
intravenous glucose tolerance test*®. For if the 
glucose concentration curve for the whole blood is a 
simple exponential function, and if slow transport 
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occurs, then the plasma glucose curve cannot be a 
simple exponential function. The complex shape of 
the plasma glucose concentration curve can best be 
understood in terms of a model shortly to appear’. 

This complex model depends upon inferences 
about plasma glucose concentrations, because experi- 
mental data are not available. The utility of the 
model would be materially enhanced by direct 
experimental determinations of plasma glucose 
concentrations during the intravenous glucose toler- 
ance test. Such determinations could readily be 
obtained by immediate refrigeration and prompt 
centrifugation of blood samples to retard tranafer. 
Such refrigeration could be obtained by drawing the 
blood through polyethylene tubing immersed in ice 
water. The difficulties of intra-arterial cannulation 
can. be obviated by using venous blood after warming 
the arm. —~ 
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Abrupt and Delayed Effects of Insulin on 
the Distribution Space of Glucose in the 
Dog 


Ir has been proposed that insulin imoreases the 
permeability of cell membranes of animals to 
glucose. If this is so, an increase induced by insulin 
in the volume through which glucose can disperse 
could occur as a result of the addition of ntra- 
cellular spaces to those through which glucose is 
distributed without the added insulm. The method 
of successive tracer injections? provides a means for 
determining, at each injection time, the amount of 
glucose which intermixes rapidly with the plasma 
glucose. From this value the corresponding apparent 
volume or space of distribution can be calculated, 
assuming that the concentration of plasma glucose 
is uniform throughout the volume. In this communi- 
cation these procedures were used to determine the 
immediate and later effects of injection of insulin and 
of infusion. of insulin on the glucose distribution space 
of the dog. 

Five experiments were performed on four normal 
dogs anzsthetized with nembutal. Glucose, uniformly 
labelled with carbon-14, was injected intravenously 
through an indwelling polyethylene cannula inserted 
3-4 in. into the tibial vein. Samples were withdrawn 
from the inferior vena cava, which was catheterized 
via the femoral or saphenous vein. Insulin was given 
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Table 1. Eiyyucr oF INSULIN ON LEVEL OF PLASMA SUGAR mE MGM./100 101.) aD Aiea OF GLUCOSE als PER ORNT OF BODY-WHIGHT) IS 
NORMAL ANRZTSTHETIZED D 








No. of Weight of dog | Mode of adininistration of insulin 
experiment (kgm.} 
1 12 0 Injection, 1u. 
TA 23 -6 Injection, 0 29 u. ` 
B 11 5 Infusion, 0 008 nu. /min. 
6 16 9 Infusion, 0 0088 u./ker./min. 
7 25 0 Infosion, 0:0018 u./kgm./min. 


"In this experiment volume of glucose was measured at injection time. It was 12 5 per 
t This determination is based on a specrfic activity versus tıme curve of a very poor fit, 
tion of volume of glucose. It uw included in order to present unselected results. 


either as a single Intravenous injection, or as & COn- 
stant intravenous infusion from a calibrated burette. 
Glucose was determined by the Somogyi—Nelson 
method’. Specific activity of plasma glucose was 
measured by preparing glucosazones, the radio- 
activity of which was measured in a windowless flow- 
counter. In experiments 1 and 3 (Table 1) Insulin- 
Toronto was used, whereas in the others crystalline 
Insulin-Lilly was injected. 

Results are shown in Table 1. It can be seen 
that the injection of insulin resulted in an mcrease 
in the apparent glucose volume in all experiments. 
The effect is a delayed one and is not strictly related 
tœ the changes of level of blood glucose. It can be 
seen fh experiments 3 and 6 that, although the level 
of blood glucose had started to drop, the increase 
in apparent glucose volume was delayed. In experi- 
ment 74, the level of blood glucose had returned 
to normal, while the apparent glucose volume was 
still somewhat above the pre-insulin level. In 
experiment 1 the glucose volume was determined at 
the time of insulin injection and was found to be 
slightly less than the pre-insulin volumes. This is 
in accord with our earlier findings’. 

The present experiments do not indicate whether 
the effect of insulm on the apparent glucose volume 
is & specific one, or whether it resulta from the hypo- 
glycamia evoked by insulin. Experiments to 
elucidate this point are in progress. 

In support of the present findings it has been 
shown that insulin increases the volumes of distribu- 
tion of galactose and of some pentoses in the eviscer- 
ated dog‘, in isolated tissues’, and in. perfused organs®. 
Under certain conditions an accumulation of free 
glucose in the isolated rat diaphragm was also noted 
when insulin was added to the incubation medium’. 

The effect of insulin on the apparent glucose space 
was studied by Drury and Wick’, who compared 
two groups of eviscerated-nephrectomized rabbits. 
One group served as controls, while the other recerved 
10 units kgm.jhr. of insulin. No difference in the 
apparent glucose spaces was found. Each of our 
experiments with successive tracer-glucose injections 
was performed on a single dog, so that inter-animal 
variation was avoided. AJl our results show an 
increase in the apparent glucose space during insulin 
hypoglycsmia, but not immediately after the start 
of the injection of msulin. The enlarged space appears 
to exceed that of the extracellular body-water. 

This finding modifies the conclusions from earlier 

ents,in which attempts were made to determine 
the effects of insulin on, the rates of appearance and dis- 
appearance of glucose from the plasma and associated 
tissue fluids (central compartment). All these methods 
except one* involved the assumption that the glucose 
space remained constant. The observed increase in 







Txmes of injection of *C-glucose after 
injection or start of infusion of meulm 


157 10690 
147 842 


22 3 
21 6 









97 4 
77 8 





r cent of body-weight. 
erefore it may represent a gross over-estima- 


the apparent glucose space following injection of 
insulin leads to an under-estimation of the rate of 
appearance or an. over-estimation of the rate of dis- 
appearance of glucose, the extent of which may 
vary with experimental conditions. 

To sum up: the injection or infusion of insulin 
caused no immediate increase in the apparent glucose 
space in the normal dog. However, in each of the 
five experiments, a substantial mcrease was found 
1 hr. or less after the injection, or after the start of 
the infusion of insulin. 

This work was supported by grants from the 
National Research Council of Canada and the Banting 
Research Foundation. We thank Dr. ©. H. Best 
for his encouragement and support in this work. 
The generous gift of glucagon-free crystalline insulm 
(Lot 499667) by the Eli Lilly Company is gratefully 
acknowledged. Our thanks are due to Mr. G. Layng 
for technical assistance. 
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Effect of Vitamin A on the Cystine 
Content in Skin of Rats 


Tms investigation was undertaken to gain more 
precise knowledge of the effect of vitamin A on the 
epithelium. Diets ranging from a small dose to a 
liberal supply of vitamin A were fed to rats, and the 
cystine content of their skin was determined. 

The analytical results show that the skin of rats 
on & diet supplemented with only small doses of 
vitamin A contained less cystine than that of rats 
which had been fed with a liberal supply of vitamin A. 

The current theory! of keratin formation includes 
oxidation of cysteine sulphydryl groups of adjacent 
polypeptide chains to produce cystine disulphide 

, the covalent bonds of the latter grouping 
serving ‘to hold the keratin molecule together and give 
it rigidity. Since vitamin A deficiency leads to 
excessive keratinization of epithelium, the possibility 
that the vitamin A may be concerned in the metabol- 
ism of sulphydryl and disulphide linkages deserves 
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scrutiny. This observation led to our investigating the 
change in cystine content in the skin of rats which 
had been fed diets supplemented with small doses 
and large doses of vitamin A, with or without sulphur 
amino- acids. 

The test animals used were rats of the Wistar strain 
of both sexes, those used for the first experiment 
weighing 30-35 gm., those for the second, 65-70 gm. 
They were housed in individual compartments with 
screen bottoms and fed a vitamin A-deficient ration 
consisting of powdered rice 92, defatted soybean 
meal 6, sodium chloride 1 and calcium carbonate 1. 
In addition, each rat was supplied with 20y thiamine 
and 50y riboflavin daily. The food was made into a 
paste by adding hot water, and cooked. After a 
three-week depletion period the animals were trans- 
ferred to the experimental diets. At the end of four 
weeks the animals were beheaded. After shaving 
about 5 om.? of the back of the neck in the area of 
the shoulder blades, samples of skin were taken from 
each animal, dried and defatted with ethyl alcohol- 
ethyl ether. Weighed samples of it were hydrolysed 
in 3 N hydrochloric acid at 120°C. for 4 hr. The 
cystine content in the hydrolysate was analysed by 
the phosphotungstic acid method}. 

The cystine content of skin should be affected by 
the amount of sulphur amino-acid in the diet. In the 
first experiment, we investigated the effect of the 
small dose and the effect of the liberal supply of 
vitamin A in the diet, with or without a supplement of 
methionine, on the cystine content of the skin. The 
four groups of rats were given different diets as 
described in Table 1. 


Table 1. AMOUNT OF SUPPLEMANTS IN EXPERIMANT 1 


Group No. 1 2 B 4 
Vitamin A rat daily (y) 1 100 1 100 
pi-Methionine (gm.) per 100 gm. of diet none none 02 O88 


Rats in Group 1 were dosed with only ly of 
vitamin A per rat daily, which is a low dose. Animals 
in Group 2 were given 100y of vitamin A—an ample 
dose. Groups 3 and 4 were dosed with ly and 100y 
of vitamin A respectively supplemented simultaneous- 
ly with methionine. During the four-week feeding 
period, the amount of diet was restricted to 7 gm. per 
rat daily the first week and thereafter increased each 
week by 1 gm. a week. 

In the second experiment cystine was used instead 
of methionine and was given in conjunction only 
with the lower dosage of vitamin A (Table 2). 


Table 2. AMOUNT OF SUPPLEMENTS IN EXPERIMENT 2 


Group No. 1 2 3 
Vitamin A per rat daly O) 1 100 1 
L-Oystine (gm.) per 100 gm. of diet nono none 0-2 


Table 8. E¥FEOT OF VITAMIN A AND METHIONINE ON THe ÖYSTINM 
CONTENT OF SKIN 


Values shown with mean and standard deviation of six rats In cach 


group 
Group No. 1 2 3 4 
Sapp ement 1 t A 100 vt. A ip vit. A+ 100p vit. A+ 
yv vt. y . 
methionine methionine 

Body-welght (gm.) : 

ee $638 +218 865 +250 36-5 +250 86-5 +8 10 

per 

a 1-86+0°098 196840120 104+0070 1 9840102 
7 cystine 
d(per cant) 1-3640083 14804+0102 15040182 1 68-40 220 


Results of the first experiment show that the 
cystine content of skin of rats dosed with only ly of 
vitamin A is lower than thet of rats given a liberai 
allowance of vitamin A. In the presence of methi- 
onine, the cystine content increased both with small 
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and large doses of vitamin A ; however, rats with the 
ample supply of vitamin A showed a higher content of 
oystine. 

The results of the second experiment were essenti- 
ally similar to those of the first experiment (Table 4). 
Table 4. Eyrror OF VITAKIN A AND OYSTINE ON THE CYSTINE Cox- 

THAT OF SKIN 
Values shown with mean and standard deviation of six rata in each 
group 


Group No. 1 2 8 
Supplement to diet ly vit. A. 100y vit. A ly vit. A+ 
Body-welght (qm.) : 
Initial 74:8 +754 74:6 +6886 74-6 +8 31 
Gain per day 1+89+0:172 20440-1809 2-00+0-269 
Skin: cystine (per cent) 1 80 ‘186 1-5840082 1:41+0 205 


The cystine content was lower in group | and higher 
in groups 2 and 3, which received an ample supply of 
vitamin A, and cystine with small doses of vitamin A 
respectively. The results were in good agreement 
with the first experiment. 

Abdulnabi and Bieri have studied the distribution 
pattern of amino-acids in the testes and livers and the 
blood serum of both vitamin A-deficient and normal 
rats. Paper chromatography did not reveal any 
difference between the two groups, and the quantita- 
tive picture, as obtained by microbiological assay, in 
general supported the qualitative resulte. There 
were, however, three quantitative differences. In the 
testes of the deficient rats, there was more tyrosine 
and phenylalanine, whereas in the normal liverasthére 
was more threonine than in the livers from the 
deficient rata. 

Our results show that in the skin of the vitamin A- 
deficient rats there was less cystine than in that of 
normal rats, suggesting that vitamin A may be 
involved in the metabolism of cystine and may have 
an effect on the resistance of epithelium. 

Tatsuo KoYANAGI 
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A Method of staining Sectioned Tissues 
with Lead for Electron Microscopy 


Sotvurions of lead are now widely used by some 
electron microscopists for the production of a general 
increase in the electron density of cellular con- 
stituents in sections of biological material fixed in 
osmium tetroxide and afterwards embedded in 
methacrylate or ‘Araldite’. Grids bearing the sec- 
tioned specimens may be floated face downwards for a 
few minutes on the surface of weakly ionized lead 
solutions, for example, lead acetate or ‘alkaline’ lead 
hydroxide!. During this exposure lead ions become 
attached to the osmium already deposited on the 
material during fixation, with e consequent improve- 
ment of specimen. contrast in the electron beam. 

The offective application of these methods of lead 
im tion hag been somewhat curtailed by the 
fact that on exposure to sir all solutions of lead salts 
become clouded by the formation of lead carbonate, 
the insoluble crystals of which are frequently en- 
countered on. the surface of sections stained by this 
method. In order to reduce this contamination 
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attempts can be made to stam the specimens in a 
nitrogen or carbon dioxide-free atmosphere’; but 
these measures do not entirely eliminate the nuisance. 

Successful lead staining without serious disad- 
vantages can be effected as follows: Add 100 6.o. 
of distilled water to 1 gm. lead hydroxide and bring 
to the boil. Cool slightly and filter. To the filtrate, 
whieh is faintly clouded, add a solution of 2 N potas- 
sium hydroxide drop by drop until on agitation a com- 
pletely clear solution remams. This is the staining 
fluid and probably conteins some lead in the form 
of a plumbite, thus: 


2KOH + Pb(OH), = K,PbO, + 2H,0 


Float the grids face down on a few drops of this 
solution in a covered watch-gless for 5 min. Then 
with a pipette replace -the staining solution with 
distilled water and proceed at leisure to remove the 
grids individually with forceps. Agitate each grid 
for some 3-4 sec. (only) in a 1 per cent solution of 
potassium hydroxide and then immediately dip into 
a large volume of distilled water. Finally blot the 
grids on to filter paper and allow them to dry. Some 
experience is required to gauge just the right amount 
of time for the cleaning of the specimens in the 
1 per cent potassium hydroxide (after staining). If 
this period is inadequate the grids show some con- 
tamination by crystals which are, however, readily 
removed by further immersion in potassium 
hydro$ide. On the other hand, it has been observed 
that if lavage in the alkali is too prolonged then lead 
impregnation of the specimen appears to be reduced. 
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University of Cambridge. 
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5-Hydroxytryptamine in Coelenterates 


Iw an earlier report’, it was concluded from evidence 
obtained by pharmacological tests and paper chroma- 
tography that 5-hydroxytryptemine was a constituent 
of the sea-anemones, Metridium senle and Calliactis 
parasttica. More 5-hydroxytryptamine-like material 
was obtainable from Mendtum tentacles, with their 
nematocysts, than from body wall which is relatively 
free of nematocysta. This led to the suggestion that 
5-hydroxytryptamine might be a pain-producing 
factor m these stinging organelles. An independent 
study? of material released on discharge of isolated 
Metridium nematocysts yielded two hydroxyindoles 
tentatively identified by chromatography as 5- 
hydroxytryptophan and bufotenine. The identifica- 
tion of 5-hydroxytryptamine in Oalltactis has now 
been made quite certam’‘. However, the very large 
amount found m the coelenteric organ. of this species 
and the relatively small amount in tentacles, coupled 
with the finding of little 6-hydroxytryptamine in 
Meiridium and Anemonia sulcata, led Mathias, Rosa 
and Schachter*,* to conclude that it is unlikely that 
5-hydroxytryptamine is associated with nematocysts. 
Further evidence is now available that this conclusion 
may not be fully warranted. 

With a highly senartrve fluorescence method for the 
estimation of 5-hydroxytryptamine now avanlable', 
as well as a surtable method for extracting it from 
tissues*, it has been possible to confirm and extend 
our earlier observations on the distribution of a 
substance like 5-hydroxytryptamine in different parts 


NATURE 


811 


Activation 


Fluorescence 





\ 





FA a 





390 
. Fluorescence and activation spectra: oe ar 


400mp 


apa e A 8N hydrochloric 
oligactas in 4 2 mL SF 


(6) 2 serene (ay E cach eee extrac mn aoontt ta into ¢ afm. 8 ee evel 
3 io reas reagent 


of Metridium, The content of 6-hydroxytryptamine 
of certain other coelenterates has been estimated by 
this method. 

In the presence of 3 N hydrochloric acid, there is a 
fluorescence maximum for 5-hydro ine at 
about 540 mu when activated at 300 mu (Fig. 1). 
These are the observed values obtained with the 
particular spectrofluorometer at our disposal. Bufo- 
tenine hag a similar fluorescence to that of 5-hydroxy- 
tryptamine, but of the coelenterate extracts that we 
have examined chromatographically only those from 
Physalia tentacles gave an indole spot with an Rp 
value corresponding to that of bufotenme. 

An extract of whole brown Hydra contained little 
interfering substance and gave obvious fluorescence 
and activation peaks (Fig. 1). Estimations of 
5-hydroxytryptamine in one lot of Hydra and two 
lots of Sagartta, a small sea anemone, are given in 
Table 1. Extracts of Metridium tissues were found to 
contain a substance that fluoresces strongly near 
430 mp, thereby obscuring the 540-my peak of 5- 
hydroxytryptamine. Activation peaks were easily 


Table 1. &HYDROXYTRYPTAMINE IN COHLMNTHRATHS 


Species and part 


Hydra oligachi 
pproximately 1,000 whole animals 
Si ia lucias 


if whole animals per determination 
Metridium sends 

Whole animals” 

Body wall 

Oral disk and tentacles 

Tentacles 

Acontia 





* Three esra chons and estimations made ere as game day on 
snimals maintained in laboratory for several wee 
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distinguished, however, and quantitative estimates 
were made from them (Fig. 1). 

Different parts of Metridium were chosen to contain: 
(1) few nematocysts (body wall); (2) an abundance 
of nematocysts (tentacles or acontia); (3) a number 
intermediate between these (oral disk with tentacles). 
Two or three extractions were made of each of these 

Some were made on freshly collected Metri- 
dium and others on animals that had been maintained 
in the laboratory for some months without feeding. 
Estimates of the content of 5-hydroxytryptemine of 
these extracts are given in Table 1. For a given part 
æ range of values was found, attributable, in some 
meagure, to the previous history of the individuals 
that were utilized. However, it is clear that Metri- 
dium body wall yielded least 5-hydroxytryptamine 
while the acontia, rich in nematocysts, yielded nearly 
20 tumes as much as body wall. Other parts were 
intermediate. As a result of these findings, I am 
inclined to state, as earlier': “This suggests, but 
does not prove, that the 5-HT (of Metridium) is 
contained in nematocysts...’’. 

Mathias ef al.* say that of several coelenterates they 
examined, significant amounts of 5-hydroxytrypt- 
amine were found only in Calliactis parasitica, and 
by far the highest concentration in ““issues of the 
coelenteric cavity”. Thus far, 5-hydroxytryptamine 
in invertebrates has been found in venom apparatus 
and venoms’, also nervous systems and excretory 
organs’. It would be of much interest to determine 
in which coelenteric tissue of Calliactis ths 5-hydroxy- 
tryptamine is located. In the meantime it seems that 
the distribution of 5-hydroxytryptamine in Metri- 
dium is related to the distribution of nematocysts ; 
but no claim is made that this is a specific (restricted) 
relationship. 

J. H. WELSH 
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Cambridge 38, Mass. 
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Selective Elimination of Single Sense 
Cells with Methylene Biue 


For many problems of epigenetics and physiology 
it is desirable to destroy selectively individual cells 
within @ tissue complex in order to test their func- 
tions. Although, in favourable cases, such cell 
structures as the nucleus have been, eliminated, whole- 
cell destruction often implies damage to the sur- 
rounding tissue. Another difficulty of such experi- 
ments is the fact that recognition of single living cells 
within the tissue may be impossible. The use of toxic 
substances of sufficient specificity to affect the cell 
type to be eliminated, but without effect on other 
cells or on the organism ag a whole, would solve this 
problem. <A possible avenue of approach seems to 
be through techniques involving vital or supravital 
dyestuffs. The actual method must, of course, depend 
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upon the type of cell to be eliminated. The experi- 
ments to be described illustrate this method of selec- 
tive cell elimination by means of a chemical. The 
cells to be eliminated were single sense cells. 

Young pups of the wax moth, Galleria mellonella L., 
were used in this work. Ether narcosis of half-hour 
duration served to immobilize the animals for several 
hours. Crystalline methylene blue is introduced with 
the point of a fine iridectomy knife. It dissolves 
at once in the hemolymph, which takes a dark blue 
stain. Through carefully applied pressure, the blue 
hemolymph is now distributed in the region to be 
studied. After 4—1 hr., the sense cells and the nerves 
are stained and they are now perceptible m vivo 
through the thm cuticle. Generally the nerves are 
less intensely stamed than the sense cells. Body 
movements of the animals after recovering from 
narcosis distributed the dyestuff more evenly. After 
some time all dye will be reduced to its leuco form. 
Practically all animals survive the operation without 
showing any defect. 

Study of slides from fixed material shows the stain 
exclusively located in the sense cells, disregarding 
those cells at the wound which were damaged by 
the operation. Some of the sense cells are stained 
light blue, others are dark blue. This difference in 
staining intensity is shown even by the sense cells 
of the same sensillum. According to statements in 
the literature!, it is to be expected that at legst the 
dark blue cells are destroyed. This is confirmed by 
histological study. Fig. 1 shows groups of cells 
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sense cells 





epidermal celis sense cells 





Fig. 1. Cell groups which belong to sensory bristles on the wing 
of Galleria. a, A normal cell group; 4, a cell group in which 
three sense cells are destroyed by methylene blue. Nuclei which 
do not belong to the bristle have dotted lines. Pupm, 25 hr., 
Bouin-Allan fixed, stained with hamatoxylin 
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belonging to sensory bristles on the wing before out- 
growth of the bristles themselves. The normal cell 
complement of such bristles (Fig. la) consists of 
eight cells, four of which are sense cells. The others 
are the trichogen and the tormogen cell and two 
cells of still unknown function, called Htlfszellen*. 
In the group of cells shown in Fig. 1b, three sense 
cells are damaged by methylene blue; two nuclei 
are pycnotic, one is swollen up like a blister, with 
clotted chromatin. This pupa was fixed for about 
20 hr. after treatment with methylene blue. In 
animals which were fixed later the sense cells are 
completely decayed. The fourth sense cell and the 
four other cells in Fig. 16 are not damaged. Such 
cell groups as in Fig. 1b perform their normal function, 
that is, they give rise to entirely normal bristles, only 
with a reduced number of sense cells. This indicates 
that they are physiologically normal. 

According to our experience certain prerequisites 
are necessary whenever a method of selective cell 
elimination through the use of specific substances 
is to be applied. (1) It must be possible to localize 
the toxic substance and to maintain a high concentra- 
tion for a period of time in the region under study 
(narcosis; sack-like organs, see below). (3) The 
substance should be easily distributed (spongy tissue, 
much hmamolymph). (3) The substance should be 
ae lanted in as pure a state as possible, for example, 

dessolved in another fluid. Conditions 1 and 2 
ae fulfilled, in the young pupa, by the extremities, 
the antennæ and the 

By use of the method described it was possible 
to show that the sense cells exert an influence on 
the development of the sensilla in the integument 
of Galleria. If this influence is lacking, polyploidiza- 
tion of the trichogen and the tormogen cells does 
not occur. These results will be reported in detail 
elsewhere?. 
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A Spring Oat Variety resistant to the 
Stem Eelworm 


RESISTANCE among oat varieties to the stem 
eelworm, Dttylenchus dipsacs (Kuhn) Filipjev, was 
first shown. by Goodey’, who recorded a high degree 
of resistance in the varieties Grey Winter and 
Aberystwyth S81. Simece this record, resistance has 
been recorded among commercially grown varieties, 
in Milford ($225)?, in S172, Karly Grey Winter and 
Unique’. The following is a record of resistance in a 
new spring oat variety. 

An oat variety trial in Denbighshire, conducted 
jointly by the National Agricultural Advisory Service 
and the National Institute of Agricultural Botany, 
had been sown inadvertently in the early spring of 
1959 in a field which was later found to be infested 
with the oat race of stem eelworm. In the trial the 
varieties were sown in single drill widths 140 yards 
long in a randomized block lay-out with four-fold 
replication. Damage by stem eelworm occurred in 
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five of the varieties—Sun H, Civena, Blanche de, 
Wattines, Condor and V2661. The remaining variety, 
number 4757/18/2/19, a form bred by the Welsh 
Plant Breeding Station, Aberystwyth, showed, apart 
from a few isolated plants, a high degree of resistance. 
The Welsh Plant Breeding Station cereal breeding 
department gives the pedigree of the resistant variety 
as a selection from a cross between 01750/11, a mildew- 
resistant selection developed at the station, and Tama,, 
& crown rust-resistant selection developed at Iowa 
State College. The variety is to be introduced com- 
mercially under the name of Manod (S235). 


T. GLYN DAVIES 
National Agricultural Advisory Service, 
Bangor. 
1 Goodey, T., Helminth. J., 18,1208 (1987). 
M Mor od, Eu Golightly, W.E, and Price, O. D., Agriculture, 61, 220 
3 Jones, J. M., Griffiths, D. J., and Holden, J. H. W., Plant Pathol., 
4, 35 (1955). 


Foliar Abnormalities, including Repeated | 
Branching and Root Formation, induced 
by Kinetin in Attached Leaves of Marsilea | 


Tex leaf of the water fern Marstlea is normally a 
strictly determinate structure, and even the supply 
of a wide range of physiologically active substances, 
to sporelings growing in aseptic culture, has hitherto 
resulted in no fundamental changes in leaf morpho- 
logy*. Some interesting leaf abnormalities have now 
been obtained, however, following the addition to 
the culture medium of the cell-division stimulating 
substance, kinetin?. 

In the investigations outlined here, sporelings of. 
Marsilea drummondii were grown aseptically in a. 
liquid medium, consisting of a Knop’s solution 
supplemented by glucose (analytical reagent) at 
concentrations of either 2 or 4 per cent. Kinetin 
solutions were added aseptically at various early 
stages of sporeling development. Resulting changes! 
m leaf morphology were so unusual that the experi-' 
ments were repeated with several batches of cultures, 
but all yielded essentially similar results. 

In the initial experiment, kinetin waa supplied to 
10-day old sporelings, at concentrations of 10, 1:0 
and 0-1 mgm./ltre. The two higher concentrations 
were toxic, while at 0:1 mgm. /litre sporeling develop- 
ment continued, but was markedly abnormal, the 
new growth consisting of an irregular mass of re- 
peatedly branched structures, some of which were, 
undoubtedly modified leaves. In later experiments, 
kinetin was added to give concentrations of 0-05, 
0:01 and 0:002 mgm. flitre. At 0-05 mgm. /litro the 
results were virtually identical with those obtained 
at 0-1 mgm./litre, but at the two lower concen- 
trations of kinetin less-extreme abnormalities were 
observed. 

In the culture medium containing 0-002 mgm. /litre 
kinetin. development of many of the sporelmgs was 
apparently completely normal; but in & proportion 
of the sporelings leaf development was somewhat 
affected. Some sporelings produced acicular, non- 
laminate leaveg for a period, before reverting again to 
normal development, while other sporelings bore 
leaves with shorter petioles and longer leaf lobes than: 
the corresponding structures of normal leaves. ! 

The most interesting leaf abnormalities were 
obtained with 0-01 litre of kinetin. Most 
sporelings at first produced relatively normal leaves, 
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though with short petioles. The first marked deviation 
from normal development was the production of 
several roots from the adaxial surface of some of 
these leaves, near the junction of lamina and petiole 
(Fig. le). The outgrowth of roots from Marsilea 
leaves has not been observed previously, even after 
the addition of so powerful a root-inducer as 2,4-D +. 
Root formation was usually followed by the appear- 
ance of a meristematic outgrowth, which in turn gave 
rise to a series of abnormal leaves (Fig. 1d). After 
longer exposure to the kinetin solutions the sporelings 
developed even more striking leaves, showing repeated 
branching of the leaf segments (Figs. la, b, 0). 


a 





Fig. 1. Marisa drummondu A.Br. 
gporelings grown in a medium con 
Kinetin, m, Merlstem,; r, roota or root. 


The leaf abnormalities briefly described above 
would appear to be of both phylogenetic and develop- 
mental interest. On the basis of comparative mor- 
phological studies, it is apparently generally accepted 
(for example, Bower‘) that the strictly quadrifoliate 
adult leaf of Marsilea is derived from an ancestral type 
with more elaborate structure. The present work 
indicates that the potentialities of more extended 
development are still inherent in the Marsilea leaf. 

Apart from its toxic action at high concentrations, 
the effects of kinetin appear to be restricted to meri- 
stematic tissues. In the present work, kinetin at 
physiological concentrations had no evident effect on 
fully developed leaves of Marstlea sporelings or on 
excised leaves of the same cultures. Our results 
suggest that the limited growth of the leaf meristems 
of normal plants of Marsilea may be due to cor- 
relations with other parts of the plant involving a 
restriction in the supply of cell-division promoting 
substances similar to kinetin. In any event, the 
external supply of kinetin disturbs the normal 
correlations and permits a more prolonged activity 
of the leaf meristems. 

It is hoped to publish further details of this work, 
including anatomical observations, in a later con- 
tribution. 
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A Comparison of Adhering and Abscising 
Fruits of Peach treated with 
N-I-Naphthyl Phthalamic Acid 


THe search for a thinning spray to be used on 
peaches has shown that N-1-naphthyl phthalamic acid 
promotes abscission of peach fruits’. This preliminary 
report compares the size, content of natural auxin, 
and embryological development of adhering and 
abscising fruits of Halehaven peach trees sprayed 
with N-I-naphthyl phthalamic acid at petal 
fall. 

On May 13, 1958, Halehaven peach trees at early 
petal-fall stage were sprayed with 175 p.p.m. of 
N-l-naphthyl phthalamic acid. By May 29 hoavy 
fruit drop had started on the sprayed trees. The 
dropping fruts were comparable in size to those 
which fell from unsprayed trees a month later. This 
indicates that N-1-naphthyl phthalamic acid hastens 
drop. 

150 tightly adhermg fruits and 150 very loosely 
adhering fruts (here called abscising) were picked on 
May 29 from one tree sprayed with N-l-naphthyl 
phthalamic acid. The loosely adhering fruits probably 
would have fallen within 24 or 48 hr. had they been 
left to drop naturally. No differences in colour of the 
adhering and abscising fruits were observed. 

Volume measurements were made on the fruits by 
water displacement. The ovules were then ae 
and physical measurements made on twenty o 
Differences in fruit volume, ovule length and weights 
between adhering and abscising material were not 
great, but ın every category the adhering fruits were 
larger (Table 1). 


Table 1. OOMPARISON BETWEEN ADHBRING AND ABSOISING FRUITS 
OF HALBHAVEN PRAOH TRHES SPRAYED WITH N-1-NAPHTHYL 
PHTHALAMIC ACID 


+ 


Volume per fruit (mL)* 

Ovule length (mm 

Fresh weight per ovule (mgm.) 

Dry weight per ovuole {mgm ) 
0 


leacetac acid equivalent (ugm.fovule) 
Indoleacetic acid equivalent (gm. /gm. 
dry weight) 
Mean number of cells per embi yo 
ean number of endosperm nucle! per 
o 





* Volume per fruit at bloom was < 0 22 mi. 


Ovules were frozen on dry ice, lyophilized, and 
biosssayed for auxins using silica-gel column chroma- 
tography? and the Avena first-internode test’. 
Preluminary work with extracts of ovules collected 
two weeks after bloom from unsprayed Halehaven 
trees indicated that two growth-promoting substances 
could be separated. One of very low concentration 
was eluted in a position similar to ethyl indoleacetate, 
and another of somewhat higher concentration came 
out in the mdoleacetic acid position (unpublished 
results). A single determination of extracts of ovules 
from sprayed trees and subsequent bioassay of the 
eluted fractions corresponding to the ethyl indole- 
acetate and indoleacetic acid positions were made. 
Ovules from both adhering and abscising fruits 
contained only traces of the growth-promoting sub- 
stance eluted in the ethyl mdoleacetate position, 
but there was about seven times as much of the 
substance similar to indoleacetic acid in the ovules 
from adhering fruits as from those from abscising 
fruits (Table 1). 

Ovules were fixed in a formalin—acetic acid—ethyl 
alcohol (85:5:5 per cent) mixture, embedded in 
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paraffin, sectioned at 15 or 20u, and 
stained in Heidenhain’s h»ematoxy- 
lin. In the nine adhering and the 
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thirteen abscising ovules studied, a 

embryos of about 1-23 cells and 

free nuclear endosperm of about fr----- 
5-301 nuclei were found. As shown 100 


in Table 1, the average number of 
cells in the embryo and the number 
of endosperm nuclei of abscising 
ovules were about 60 per cent of 
those in the adhering ovules, 
although these means were not 
significantly different at the 5 per 
cent level of probability. In most 
of the abscismg ovules there wag 
more shrinkage of cytoplasm, and 
less differential staining of many 
nuclei m embryo and endosperm 
than in the adhering ovules. In 20 
about half the abacising ovules the 0 
embryo stamed darkly. These 
changes in staining reaction are 
interpreted, on the basis of other 
work on seed abortion, as indicating 
the beginning of the breakdown of 
the tissues. 

It appears that N-l-naphthyl phthalamic acid 
causeg ovule abortion and abscission m peaches in & 
manner similar to the action of naphthaleneacetic 
acid on apples‘. Whether the primary effect of 
N-l-naphthyl phthalamic acid is on the endosperm, 
embryo or some other tissue is still to be determined. 
While little difference m the size of the fruits and 
ovules was found in these lots of adhering and 
abscising fruits treated with N-l-naphthyl! phthalamic 
acid, larger differences were found m the auxin 
content and in the histological appearance of the 
embryo and endosperm of each lot of ovules (Table 1). 
The difference in auxin content of adhering and 
abscising ovules corresponds to Luckwill’s report of 
lower auxin content in naturally dropping fruts of 
apples than in adhering fruits’, 
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Presence of Gibberellin-like Substances 
in Lettuce Seed 


GIBBERELLINS and gibberellin-like substances are 
being shown to occur in an increasing number of 
higher plants. Immature seeds of numerous species 
contain particularly large amounts of these sub- 
stances!, but the levels in mature seeds of the same 
species are much lower*. Certain seeds respond very 
strongly to applied gibberellin, this being particularly 
evident in certain ‘light-requiring’ seeds, for example, 
those of lettuce’. and Arabidopsis thaliana’, in which 
gibberellin treatment may result in complete germ- 
ination in the dark. The obvious first step towards 
understanding the physiological significance of this 
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gibberellin action is to determine whether gibberellin- 
responsive seeds contam endogenous, gibberellin-like 
growth regulators. The present communication 
reports on such studies with mature seeds of lettuce 
(Lactuca satwa L.). 

The seed used was of the Grand Rapids variety, 
obtained locally and possessing a pronounced light 
requirement (at 26°, dark germination about 10 per 
cent; germination after saturation irradiation with 
white or red light 95-100 per cent). 

The extraction method was that of West and 
Phinney’ with some minor modifications ; it is largely 
identical with that used by one of us’ in similar work 
with vegetative and photoperiodically induced plants 
of Hyoscyamus niger. 

The assay was performed on three monogenic 
dwarf mutants of maize (Zea mays L.), d-1, d-3 and 
d-5 (ref. 9). The use of these mutants as assay 
material is essential since their response is highly 
specific for gibberellins and furthermore permits the 
recognition not only of quantitative, but also of 
qualitative, differences m the activities of different 
gibberellins and gibberellin-like materials. Thus, 
gibberellins A,, 4, and A, and numerous gibberellin- 
like materials from various plants are highly active 
on all three mutants, but another gibberellin-like 
material, bean-factor II (ref. 6), probably identical 
with gibberellin A, (ref. 10), while highly active on 
d-3 and d-5, is only 5 per cent as active as gibberallin 
A, on @-l. 

Altogether, three experiments were performed, 

giving highly consistent results. A representative 
Fisoreenn | is shown in. Fig. 1. It is evident that there 
is a zone of pronounced gibberellin-like activity in the 
Ep region of 0-3-0-6, with a maximum at 0-4-0-5. 
Furthermore, this activity is much more pronounced, 
on the d-3 and d-5 mutants than in the d-1 test ; 
thus the active material in the extracts shows the 
activity pattern of bean factor IT and not of gibberel- 
ling Ay, A, and A, Some indications of activity 
were also found in other regions of the chromato- 
grams (for example, at Ry = 0:1 on the d-3 mutant 
in Fig. 1); these, however, varied between experi- 
ments and thus require further study. 
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Fig. 2 shows an attempt at a quantitative estima- 
tion of the amount of active material. For this 
experiment, the active zones of the chromatogram 
shown in Fig. 1 were re-extracted with acetone and 
the response of d-3 mutant seedlings to this extract 
was compared with their response to different amounts 
of gibberellm A,. The response of the seedlings to 
0 03 pgm. to 0 3 ugm. of gibberellin A, per plant, 
when plotted as logarithm of growth against the 
logarithm of dose, follows a straight line, as is char- 
acteristic of the dwarf-maize assay in the range of 
approximately 0-003-3-0 ugm. gibberellin per plant’, 
However, varying amounts of extract, corresponding 
to 10, 30 and 100 gm. of the original seed weight, all 
produced responses of practically equal magnitude. 
This fact indicates that the extracta still contained 
materials which, with increasing amounts, reduced 
the response of the plants. Therefore, precise estima- 
tions of the quantity of active material are not vet 
feasible; however, it can be assumed from Fig. 2 
that the minimum level is in the order of 0:-]—0:3 ugm. 
per 10 gm. of seeds or 10-30 pgm. per kgm., expressed 
as equivalents to gibberellin A. 

It is thus clear that dry lettuce seeds contain 
gibberellin-like, endogenous growth substances which 
are physiologically related to bean-factor II and the 
quantities of which seem to surpass considerably the 
values reported for other mature seeds’, although 
they still seem to be below the levels of activity 
found m immature seeds. 

Gibberellin-like activity was also found in imbibed 
seeds. It is planned to pursue this matter further, 
and in particular, to study the gibberellin content in 
relation to germination. 

This work was performed while one of us (A. L.) 
was on sabbatical leave from the University of 
California, Los Angeles, and holder of a senior post- 
doctoral fellowship from the National Science Founda- 
tion, Washington, D.C. He wishes to thank the 
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staff of the Hebrew University’s Botany Department 
and its chairman, Prof. M. Evenari, for their hos- 
pitahty. We are greatly indebted to Dr. B. O. 
Phinney, University of California, Los Angeles, for 
supplying seeds of the three maize mutants. 
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Specific Inhibition of Obligate Anaerobes 

Many drugs sre known which optimally inhibit 
single groups of micro-organisms (bacteria, fungi, or 
protozoa), or which inhibit specific types within one 
of these groups (Gram-positive or Gram-negative 
bacteria, pathogenic or non-pathogenic fungi). For 
example, certain antibiotics only inhibit bacteria ; 
the polyene antibiotics only inhibit fungi; fumagillin 
inhibits protozoa’. This list can be extended to 
include tompounds other than antibiotics: crystal 
violet (Gram-positive bacteria), sodium azide (Gram- 
negative bacteria). These compounds, possessing 
taxonomic specificity, are clearly contrasted with 
non-specific antimicrobial agents such as the halo- 
gens, phenols, and quaternary ammonium 
compounds. 

I am concerned here with an antimicrobial activity 
which appears to transcend major taxonomic 
boundaries in an unusual fashion. Compounds of the 


type, 
N 
wl Es 


where R is a substituted amino group, are selective 
inhibitors of obligate anaerobes. In particular, I 
wish to report on the activity of an acetylated piper- 
azime derivative, 1-(5-nitro-2-thiazolyl)-4-acetyl piper- 
azine*. Susceptible anaerobes include Gram-positive 
and Gram-negative bacteria, actinomycetes, and 
protozoa, but not their aerobic coun This 
activity may be regarded as a special kind of physio- 
logical specificity, which does not appear to have been 
reported. 

All determinations of antimicrobial activity were 
made under growth conditions optimal for the organ- 







Clostridium perfringens 







tim Sp. 
(human) 
Fusobactertum haemo 
(guinea pig) Candida albicans 
i p Trichophyton 
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* Wigures represent range or average of three determinations. 


[pamp s porphyriniens mutant of this parent strain sensitive at 
11 gi fmol. (seo text). 


18m naded Anserobic bacteria and Lactobacillus 
casei were grown in Brewer's thioglycollate broth 
(‘Difco’) supplemented with 10 per cent of rabbit 
serum when necessary; trichomonads in Kupfer- 
berg’s simplified trypticase serum broth; trypano- 
somes in Diamond’s blood broth? ; Euglena gracilis 
under artificial illumination in acetate-peptone-yeast 
extract broth; Desulphovibrio desulphurtcans in Van 
Delden’s broth ; ; and Leptospira icterohasmorrhagiae 
in @ semi-solid beef extract-rabbit serum medium. 
The slime mould Physarum polycephalum, maintained 
in the plasmodial ‘animal’ phase, was grown on 
1 0 per cent oat-meal agar. Malignant human epithe- 
lial cells, strain HeLa (Gey), were grown on glass in 
Hank’s balanced salt solution, pH 7-0, supplemented 
with lactalbumin hydrolysate (0-5 per cent), yeast 
extract (0-1 per cent), calf serum (10 per cent), 
penicillin (50 units per ml.), and streptomycin 
(50 ugm. per ml.). 

The activity of the piperazine drug is shown in 
Table 1. The aerobic and facultative organisms were 
approximately 300-1,000 times more resistant to the 
drug than the obligate anaerobes, regardless of 
taxonomic status. When inhibition of an serobe 
did occur, as with Physarum, Salmonella, Escherichia, 
Leptospira and strain HeLa cells, a relatively high 
concentration of drug was required. It is difficult, 
of course, to state where sensitivity ends and resistance 
begins, but the broad outline of aerobic resistance and 
anaerobic sensitivity is apparent. The anomalous 
response of our strain of Clostridium perfringens 
(250 pem./ml. for inhibition) suggests further experi- 
ments to determine if shifts of susceptibility can 
ocour in a continuously exposed population. 

The effect of 1-(5-nitro-2-thiazolyl)-4-acetyl piper- 
azine is microbicidal, since exposed populations are 
rendered sterile within 24 hr. at the minimum 
inhibitory concentrations stated. Activity against 
susceptible anaerobes is independent of pH, exogenous 
protein, and cannot be reversed by twenty times the 
concentration (on a molar basis) of thiamine, ribo- 
flavin, biotin, calcium-p-pantothenate, nicotinamide, 
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pyridoxamine, folic acid, inositol, guanine, adenine, 
xanthine, hypoxanthine, thymine, or uracil. 

An experiment was conducted to determine if the 

selective inhibition of obligate anaerobes was related 
to anaerobiosis per se, that is, to a sensitivity poten- 
tiated by the environment. If this were so, anaerobic 
growth of the facultative organisms studied (Staphylo- 
coccus aureus, Streptococcus faecalis, Escherichia cok, 
Shigella dysenteriae, and Candida albicans) might 
induce sensitivity to this drug. This was not the 
case. These organisms, grown aneerobically in 
nutrient broth (alkaline pyrogallol technique), dis- 
played their usual resistance to the piperazine 
drug. 
As indicated in Table 1, a porphyrinless mutant of 
Escherichia cols’, kindly supplied by Dr. M. 8. Engel, 
of the Oak Ridge National Laboratory, was examined 
for susceptibility to the piperazine drug. The mutant, 
capable of growth and respiration with or without 
exogenous hmm, was ten times more sensitive to this 
drug than the parent strain. With another member 
of the nitrothiazole series (R = acetamido) the 
difference was more striking: inhibition of the parent 
strain at 250 ugm. per ml., total inhibition of the 
mutant at less than 1-0 ygm./ml. 

An attempt was made to induce sensitivity m the 
above-mentioned facultative organisms by blocking 
heem pigments with potassium cyanide. When these 
organisms were grown in the presence of the highest 
concentration of cyanide compatible with growth 
(2-10 x 10-* M at pH 7-2), the usual resistance to 
the piperazine drug was encountered. Therefore, 
chemical inactivation of ham was not equivalent to 
loss of hem by mutation. 

It should be pointed out that Desulphovibrio desul- 
phurtcans, which possesses & reversibly oxidizable 
pigment‘ similar to cytochrome c, was as sensitive 
as anaerobes totally devoid of such pigments (for 
example, Clostridium nowy, Trichomonas vaginalis). 
There is apparently something more fundamental 
to poisoning by 1-(5-nitro-2-thiazolyl)-4 acetyl piper- 
azine (and perhaps to anaerobiosis) than mere absence 
or presence of hsm. 

In addition to this unique in viro activity, the 
Piperazine drug was effective as an oral trichomon- 
acide in mice. Albino males, carefully screened to 
weigh 12-15 gm., were infected intraperitoneally 
with 3 x 10° cells from a 48-hr. culture of Tricho- 
monas foetus. Untreated control mice showed 100 
per cent mortality usually within 10 days (severe 
abdominal distension with marked peritonitis). Mice 
treated once orally with 80 mgm./kgm. of the piper- 
azine drug (34 min. after infection) showed 100 per 
cent survival. The acute oral LD50 in mice was 
1,200 mgm./kem.; the 60 per cent curative dose 
(OD650) for orally treated mice was about 48 mgm./ 
kgm. of body-weight, as calculated in a dose-response 
study by the method of Litchfield and Wilcoxin’. 
Further chemotherapeutic stadies in animals and man 
seem warranted, not only for trichomoniasis, but 
also, indeed, for any infection produced by an 
obligate anaerobe (for example, amosbic, spirochsstal, 
and. clostridial infections). 

Compounds of the type described should also prove 
invaluable in studies designed to elucidate the 
mechanism of anaerobic growth. HExtrapolations 


and excursions into anaerobiosis in mammalian cells 


may prove interesting. 

I wish to thank Dr. David B. Reisner for supplying 
the nitzothiazolyl piperazine, for suggesting its anti- 
microbial evaluation, and for his advice and encour- 
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agement. The technical assistance of Mr. Harry 
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Wallace and Tiernan, Ince., 
Belleville, New Jersey. 
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BACTERIOLOGY 


Physiology of D-Glutamic Acid-requiring 
Mutants of Bacillus subtilis 

AS reported in a previous paper’, the 3d mutant 
of Bacillus subtilis K requires either D-glutamic 
acid, D-aspartic acid or b-alanine for growth, and 
the 3a mutant either p-glutamic acid, D-aspartic 
acid, L-glutamic acid or L-aspartic acid. This com- 
munication is concerned with the cell physiology of 
these mutants in a medium devoid of D-glutamic acid. 

Three media were employed. Minimal medium 
(MM) was prepared as prescribed by Gray and 
Tatum (L-asparagine was eliminated). The medium 
lacking the nitrogen components (ammonium chloride 
and ammonium nitrate) of Gray and Tatum’s pre- 
scription was termed the M-N medium, and the 
minimal medium supplemented with 100 ugm./ml. of 
p-glutamic acid the DG medium. Cells were pre- 
cultivated in the supplemented medium for 15 hr. 
at 30°, and after centrifugation and washmg, each 
0-1 ml. of the cell suspension was moculated into 
10 ml. of MM, M-N and DG media. Cultivation 
was in Monod tubes on a shaking machine at 37°. 

Fig. 1 (1) shows growth-curves of strain 3d. The 
number of viable cells in MM medium increased for 
a while and, after a lapse of 7 hr., decreased rapidly. 
It was supposed that the rapid lysis observed might 
have been mduced by the unbalanced reproduction 
between cell wall and cytoplasm. If p-glutamico acid 
were an essential component of the cell wall, the 
latter would not be reproduced under the existing 
conditions, while, because the system concerning 
the biosynthesis of L-glutamic acid ought .to be 
active in this strain, reproduction of cytoplasm would 
proceed independently. The residual growth observed 
in an earlier period of, cultivation might be due to 
the free p-glutamic acid present in the moculum. 
This assumption is consistent with the results in 
Fig. 1 (11), which shows the growth-curves of strain 3a. 
It is reasonable that no significant residual growth 
is observed in MM medium, because the biosynthetic 
pathway of both D- and 1-glutamic acids is equally 
blocked in thig strain. 

p-Glutamic acid m cell walls was identified as 
follows: First, washed cells of Bacillus subitlis K 
were ground m a mortar with fine glass beads, and 
then the cell wall fraction was separated from other 
parts by differential centrifugation. The sample was 
washed with sodium chloride solution (1M) and 
water repeatedly, and 50 mgm. of the dried material 
was hydrolysed in 5 ml. of 3 N hydrochloric acid for 
20 hr. at 110°. A small portion of the residue after 
evaporation was developed on & paper using a mix- 
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Fig. 1. Growth curves of strains $d (I) and 8a (II) in MAI, M-N 
and DG media 

ture of butanol, acetic acid and water (4: 1:2) as 
solvent. Glutamic acid (D- or L-) was extracted from 
the corresponding portion of the paper, and added 
to MM medium to test whether strain 3d could grow 
in this supplemented medium, As was expecied, the 
strain grew well m the medium. Meanwhile, no 
growth of the stram 3d was observed in the MM 
medium supplemented with glutamic amd (D- gr f-) 
from protoplasts of the same bacterium. The proto- 
plasts were prepared by treatment with lysozyme. 
It is concluded, therefore, that a detectable amount 
of p-glutamic acid is contained m the cell wall of 
this bacterium but not m the cytoplasm. 

The phenomenon observed above is very simular 
to that found im diaminopimelic acid-requiring 
mutant of E. col’, and, probably, to the lysis of 
H. cols by penicillin treatment’. 

Haruo Moatoss 
- Y6nosuKEe IKEDA 
Institute of Applied Microbiology, 
University of Tokyo. 
1 Momoso, H., and Ikeda, Y., Nature, 186, 567 (1960). 
t Meadow, P., Hoare, D. S., and Work, E., Biochem. J., 66, 270 (1957). 
? Lederbarg, J., Proc. US. Nat. Acad, Sei., 48, 574 (1956). 


Effects of Chloramphenicol on the 
Recovery of Ultra-violet-irradiated 
Escherichia coli B 


Dovupney! has recently shown that the addition of 
chloramphenicol immediately following the ultra- 
violet irradiation of Escherichia cols B prevents the 
recovery of the bacteria as indicated by the decrease 
in viable count, whereas such an addition made after 
40 min. incubation with or without nitrogen source, 
like an incubation in nitrogen-free medium, markedly 
enhances the recovery. On the basis of these and 
other pertinent observations, Doudney presented the 
idea that the synthesis of ribonucleic acid and 
protein, as required for the resumption of deoxy- 
ribonucleic acid synthesis following the temporary 
inhibition thereof caused by ultra-violet light, and the 
prevention of subsequent unbalanced growth’ by 
inhibiting the synthesis of protein and ribonucleic 
acid are necessary conditions for the recovery of 
ultra-violet-irradiated bacteria Experiments of 
sunilar nature made by us, however, do not seem 
to support such a view. 

According to Aronson and Spiegelman’, the lower 
concentration of chloramphenicol (20 pgm./ml.) as 
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used by Doudney might be msufficient to block the 
protein synthesis completely, leading to a different 
response of bactema from that observed with 
hıgher concentrations of the antibiotic in certain 
aspects of bacterial physiology. In our experiments 
& higher concentration (100 ugm./ml.) was employed 
unless otherwise stated. Further, Doudney used a 
rather heavy dose of ultra-violet hght which reduced 
the viable count of stram B by a factor of more 
than 10‘, Under such conditions, the recovery of 
bacteria ın a mitrogen-free medium showed a lag of 
40 min. or more}, This agrees with our own 
observation reported elsewhere’. However, even 
with such a high ultra-violet dose, chloramphenicol 
added to nitrogen-free medium (0:1 M phosphate 
buffer (pH 7-0)—002 M glucose) immediately 
following the irradiation promoted a marked recovery 
without a noticeable lag, although in tris—glucose— 
salt-casamino acid medium’ the antibiotic induced 
the recovery to a smaller extent and with a lag of 
about 40 min. during which the viable count de- 
creased slightly’. 

When we used a smaller dose of ultra-violet hght 
to yield @ survival ratio of around 10-? the recovery 
in nitrogen-free medium started without delay and 
chloramphenicol did not significantly affeot such a 
recovery (Fig. 1B). Under such conditions of irradi- 
ation, chloramphenicol added to irts-glucose-salt— 
casar@ino acid medium immediately following the 
irradiation also gave rise to a bacterial recovery 
without delay, although the recovery was more 
pronounced when the antibiotic was added after 
40 min. incubation in trts-glucose—salt—casamino acid 
medium’, That such was not due to the higher con- 
centration of chloramphenicol is illustrated in Fig. 14, 
in which 20 ugm./ml. of the antibiotic, the concen- 
tration employed by Doudney, was also effective in 
promoting the recovery without lag even when added 
at 0 min. of incubation. It should be noted that in 
experiments shown in Fig. 1, the recovery of bacteria 
in nitrogen-free medium and in growth medium with 
chloramphenicol followed different kinetics, indicating 
some difference in the mechanism involved. 

The synthesis of deoxyribonucleic acid in our 
lightly irradiated bacteria showed a lag of about 40 


Log surviving fraction 





Hr. 
Fig. 1. Recovery of ultra-violet-wradiated Rechertchi colt B in 


wth in 
tris—glu 
at 1 m. distance from Toshiba germicidal lamp (15 W.) A. 
Trradiated bacteria were shaken in e al osea CASATO acid 
medium st 37° au aa with 20 ugm./ml of chloramphenicol 
added to it 1mm ollowing irradiation (--A——) or after 
40-min, incubation (~ -Y— z as shown by the arrows, or in 
0-1 A! phosphate buffer (pH 7 0) + 0 02 Af giucose ye 
B. They were shaken in 0-1 M phosphate buffer (pH 7:0) + 
0-02 Af glucoge with (~~ @ —-) and without (~--O-——) 100 agm /mi. 
of chloramphenicol, or in ee ree acid medium 
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min. in #ts-glucose-salt-casamino acid medium, 
while those of ribonucleic acid and protein started 
without delay, and chloramphenicol added at 0 or 40 
min. of incubation, as observed by other workers},* 
with lower concentrations of the antibiotic, com- 
pletely inhibited or allowed to a certam extent, 
respectively, the resumption of deoxyribonucleic 
acid synthesis. 

The discrepancy between Doudney’s and our own 
observations may be due partly or entirely to the 
slight difference in expermmental conditions or in the 
strain used. However, our experiments clearly 
indicate that the inhibition by chloramphenicol of 
the resumption of deoxyribonucleic acid synthesis 
does not necessarily prevent the recovery of ultra- 
violet-irradiated bacteria, and this may be sufficient 
evidence for ruling out the possibility suggested by 
Doudney*. It was also demonstrated’ that the 
unbalanced growth could not be taken as the cause of 
bacterial death either in thymine-deficient, ultra- 
violet-irradiated, or mustard-treated H. cols. Thus, | 
the possible mechanism of the recovery of ultra-violet- 
irradiated Æ. cols B is still open to question. 
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An Association between Capsulation and 
Phage Sensitivity in Erwinia amylovora 


DuRING a recent outbreak of fire blight in Britain!,? 
more than 150 isolations of the pathogen, Erwinia 
amylovora, have been made in this laboratory. On, 
initial plating of mfected material two types of 
colony are often observed’. The dominant type has 
characteristic markings on ‘Yeastrel’ peptone agar 
plates incubated at 30° C. For convenience, strains 
which form this type of colony are called ‘typical’ ; 
those forming the second type of colony, which is 
relatively featureless, and less opaque, are called 
‘atypical’. Some strains are intermediate in charac- 
ter, even after re-streaking several times. With some 
such strains the opacity of individual colonies on a 
single streak plate may show considerable variation, 
with others, each individual colony appears mottled ; 
marking may or may not be apparent on the more 
opaque colonies. Some ‘typical’ strains regularly 
yield a small proportion of unmarked colonies. 

Using the wet mdian ink method with a phase- 
contrast microscope, it was observed that the 
majority of cells of the ‘typical’ strains had small but 
distinct capsules when grown on either “Yeastrel’ 
peptone agar or a phage-test medium containing 
1 per cent glycerol’. In contrast, some of the 
‘atypical’ strains showed no capsules (Table 1). The 
remaining strains showed varying proportions of 
capsulated and non-capsulated cells. .An accurate 
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Table 1. CoLONY FORM, CAPSULATION AND PHAGE SENSITIVITY OF 
28 Strains oF Erwinia amylovora 





Form of colony 





at 30°O. on | No. of | Proportion of Sarees to phages 

‘Yeastrel’ agar | strains | capsulated cells | 40 and 23 
Typical 2 majority Ch own 

ical 4 majority Ch (e) 

Intermediate 2 many Oh 

Intermediate 1 many ch e 
Intermediate 8 few to many ch g 
Atypical 4 few to many ch g 
Atypical 1 rare (oA C 
Atypical 1 few en g 
Atypical 8 rare ma gd 
Atypical 2 none — C 

Key: C, confinent lysis, little background turbidity ; ©, moderate 


background turbidity; (6) heavy background turbldity; A, halo 


assessment was not possible with this method, 
because non-capsulated cells tended to clump in the 
indian mk though they were not agglutmated in 
normal saline. Also, some intermediate ‘atypical’ 
strains showed varying proportions on different 
occasions.. An approximate estimate of the degree 
of capsulation of each strain was made and the results 
of two observations were recorded as follows in 
Table 1: majority (> 75 per cent), many (25-75 per 
cent); few (< 25 per cent) ; rare (< 1 per cent). 

Crosse! has reported the isolation of phages which 
lyse E. amylovora. Since then, further phages have 
been isolated in this laboratory using the technique 
described by Crosse and Hingorani?.4. Two of these, 
45 and 4L, give large (about 3-0 mm.) and small 
plaques (about 1:0 mm.) respectively on ‘typical’ 
strains. A third gives small plaques on ‘atypical’ 
strans. 

The relationship between colony characteristics at 
30° C., degree of capsulation and phage sensitivity 


.- with 38 strains is shown in Table 1. At one extreme 


there are the so-called ‘typical’ strains, the majority 
of the cells of which appear capsulated. ‘These are 
lysed by phages 4D and 45, which produce confluent 
lysis with a little background turbidity ; the lysed 
area is surrounded by a distinct halo which extends 
on continued incubation. ‘Typical’ strains are not 
normally lysed by phage 23 or, if lysis is observed, 
it is largely obscured by background turbidity. 
At the other end of the scale are some of the stable 
‘atypical’ strains which appear virtually non-cap- 
sulated or which at the most have rare capsulated cells. 
They are not lysed by phages 40 and 45, but are 
strongly lysed by phage 23. Various intermediate 
reactions which have been observed with the remain- 
ing strains are also shown. Like capsulation, the 
reactions may vary shghtly from one experiment to 
another, but the general picture remains the same. 
It would appear from these observations that 
sensitivity to phages 4L and 4S depends on the 
presence of capsules and to phage 23 on the absenoe of 
capsules, and that where the culture contains a 
mixture of capsulated and non-capsulated cells some 
reaction with both phages can be expected. The 
strength of the reaction would seem to depend on the 
relative proportions of each; whether or not lyso- 
genization occurs has not yet been fully investigated. 
Similar observations have been made by Rakieten, 
Eggerth and Rakieten® with mucoid strains of 


. Klebsiella, Escherichia and Aerobacter. They found 


that phages acting on the mucoid strains were mainly 
type- or strain-specific. In my experience with E. 
amylovora, all strains giving ‘typical’ colonies (more 
than 130), whether isolated from Pyrus, Orataegus, 
Sorbus or Cotoneaster spp., also two strains in the 
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National Collection of Plant Pathogens (100 and 311), 
have been sensitive to phages 4S and 4L. 

The presence of .extending halos in the case of 
reactions with phages 40 and 4S and capsulated 
strains suggests that an enzyme capable of hydrolysing 
capsules is produced®,’, 

Evm Barwe 


Department of Bacteriology 

(Ministry of Agrioulture, Fisheries and Food), 

National Agricultural Advisory Service, 

Wye, Ashford, 
Kent. 
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VIROLOGY 


Filamentous Structures in Ectromelia 
Virus-infected Cells 


Taw presence of parallel arrays of thin Igmeile 
clustered ın bundles in the cytoplasm of some tumour 
cells containing Shope fibroma virus has been de- 
picted by Bernhard et al.1. Fawcett? has observed 
irregular, coarse bundles of dense filaments ın the 
cytoplasm of virus-containing tumour cells of the 
Lucké renal adenocarcinoma. Morgan et al.*, review- 
ing their earlier micrographs of chick chorioallantois 
infected with fowl pox, found clusters of dense fila- 
ments, indistinguishable from those described by 
Bernhard, in the cytoplasm of ectodermal cells con- 
taining virus particles*. More recently, Reczko® has 
demonstrated the presence of groups of lamelle in 
the epithelial cells of gunes pig peritoneum infected 
with swine pox virus. In electron micrographs of 
sections of chick chorioallantoic membranes infected 
with ectromelia virus, bundles of filaments have been 
observed in association with intra-cytoplasmic virus 
inclusion bodies. 

Chorioallantoic membranes of 10-day-old White 
Leghorn embryos were inoculated’ with a suspension 
of ectromelia virus so diluted as to give semicon- 
fluent lesions after 72-hr. mcubation at 36° C. The 
inoculum was second-ogg passage material derived 
from infected mouse spleen originally recerved from 
Dr. W. O. Cutting of Stanford University. After 
incubation for 72 hr., membranes were fixed for about 
§ min, while still in the eggs with buffered 1 por 
cent osmium tetroxide containing sucrose’. Mem- 
branes were excised and fixation continued for another 
60 min. Ultra-thin sections of methacrylate-embedded 
tissue were examined with an RCA EMU 2-B 
electron microscope. 

An infected mesodermal cell depicted in Fig. 1 
shows @ bundle of filaments with discrete virus 
particles interposed between it and a large virus 
inclusion body. A portion of the nucleus is seen m 
the lower left corner. Fig. 2 is a higher magnification 
showing in greater detail the fine structure of the 
filaments. ‘The thickness of filaments is 8 mp on 
the average, while the length is about 3—4. Virus 
forms, 266 x 200 mu, with dense inner bodies he 
between the bundle of filaments and inclusion body, 
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Fig. 1. Mesodermal cell of 72-hr. ectromelia virus-infected 

chorioallantois. A mitochondrion in a degenerative stage is seen 

immediately to the right of the nucleus (N). The filament bundle 

appears at the upper left. (In both Figs. 1 and 2, the scale mark 
represents lw.) (Xx c. 7,300) 


> s 

the periphery of which is shown in tho lower right 
cower. F h 
Inen sections studied the filaments 
have generally been observed to be, at least topo- 
graphically, in close association with virus forms and 
with inclusion bodies. In the case of Shope fibroma, 
the filaments, 7 my in diameter, were noted to be 
closely associated with cytoplasmic masses of virus or 
precursors of virus and were interpreted as possible 
oy:produsjapf a lipid nature of virus metabolism’. 
Fawcett observed typical virus particles contiguous 
to the filaments and believed that these might be 
related in some obscure way?. Reezko, noting the 
consistent loeation of these formations in the vicinity 
of developmental forms of the virus in the early stages 
of infection, concluded that these were probably con- 
nected with the process of virus synthesis’. 

The role of these filaments in virus development 
has not been established. Their presence in the cyto- 
plasm of virus-infected cells has thus far been 





Fig. 2. Higher magnification of portion of infected mesodermalcell 
showing fine structure of filament bundle and viral forms (arrows) 
with dense inner bodies. ( 19,600) 
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described for only the five aforementioned agents. 


_ It is possible that on careful study these structures 


will be observed im cells infected with other viruses’. 
Whether they be by-products of virus metabolism, 
pathological cellular responses to virus invasion, or 
stages in virus reproduction, will have to await further 
and more extensive investigation. 
BENJAMIN V. SIEGEL 

Department of Pathology,” + 

* School of Medicine, . 
. University of California, . 

San Francisco 22. 
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An Indicator Plaque-forming System for 
Demonstration of Interference by Non- 
cytocidal Strains of Rabies Virus 


FrxeE strains of rabies virus are known to multiply 
in chick embryo tissues',*. So far, however, a cyto- 


-cidal effect of the virus on monolayers of primary chick 


embryo cell cultures has not been observed. Since 
chick embryo-adapted strains of rabies virus interfere 
with infection by homologous virus in animal cells’, 
the present investigations were undertaken to demon- 
strate interference of rabies virus with a superimposed 
infection of western equine encephalitis virus, which 
is known to produce cytopathic changes in these 
cultures. 

Monolayers of chick embryo cells.in 60-ml. Petri 
dishes were e for 2 hr. to 10%? mouse 
LD50’s of a fixed (CVS) strain of rabies virus in 
0-2 ml. inoculum. 5 ml. of Eagle—Earle’s medium 
were then added and the plates incubated at 37° C. 
for 24 hr. in an atmosphere of about 5 per cent carbon 
dioxide. The medium was discarded and the cells 
were exposed for 45 min. at 37° C. to western equine 
encephalitis virus. The plates, overlaid with neutral 
agar, were then incubated for 72 hr., and the cell 
sheets stained with a 1: 10,000 solution of neutral 
red for the plaque count. Complete inhibition was 
observed of plaque formation by western equine 
encephalitis virus up to 2 million plaque-forming units, 
the highest concentration used. Essentially the same 
results were reproducible on repeated tests. In a 
preliminary study street virus also appeared to 
interfere with western equine encephalitis in the same 
system. 

Quantitative studies of the rabies virus with the 
western equine encephalitis indicator system described 
gave promising results. Increasing dilutions of rabies 
virus showed a consistent titration pattern in repeated 
tests. Table 1 illustrates typical results obtained in 
one of the tests. In this table it will be noted that 
the 1: 5,000 dilution of rabies virus, equivalent to 
about 10** LD50 in 0-2 ml. inoculum, still interfered 
with western equine encephalitis. | 

Although preliminary experiments indicate that 
the rabies virus particle itself may interfere with 
subsequent infection of the cell with western equine 
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t4 0009 jog for 1} br.e ind the super- 
natant tested for absence of live virus by intracerebral 
inoculation: into” ‘mice, | This ‘supernate, to which 
rabies antiserum was a ded to ensure neutralization 
of any residual live virus, was placed on fresh mono- 
layers for 24 hr. The medium was then discarded 
and the cell sheets exposed to western equine encepha- 
litis virus in the usual manner. 
inhibition of plaque formation by between 10 to 
1,000. plaque-forming units of western equine en- 
cephalitis was obtained. This inhibition, however, 
was distinctly less than that observed with cell 
sheets directly exposed to rabies. virus (Table 1). 
_ The specificity of the test deseribed was shown by 
‘neutralization of rabies virus with anti-rabies serum 
(Table 2). Increasing dilutions of anti-rabies serum 
against a constant amount of rabies virus displayed a 
titration pattern similar to that which occurred when 





_serial dilutions of rabies virus alone were used as 
~ mentioned previously (Table 1). 
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Distribution-Free Interpretation of Spray- 
Drop Data 


SPRAY-DROP assay results do not always meet the 
Poisson-distribution test proposed by Williamson and 
Taylor!, even though they may be valid and the sole 
product of expensive measurements. Williamson and 
Taylor have described an appropriate method for 
interpreting the spray-drop results obtained by the 
technique of Williams and Backus?,® for ésbimating 


the concentration of particles m-& suspension. ein. 
this technique the unknown suspension is mix with’ 


a suspension of polystyrene latex ‘spheres in known 
concentration. The mixture is sprayed as a fine mist, 
and droplets are collected on specimen supports for 
examination by electron microscopy. For each drop- 


let, the number of particles and the number of 
latex spheres observed are recorded. Counted’ for 


many droplets, these numbers constitute the raw 
data from which the concentrat ion of particles i in, the 
unknown suspension is deduced. 

A statistical analysis supplied by W iHiams and 
Backus was refined by Williamson and Taylor, This 
refinembént included a test for the likelihood that the 
raw data. represent samples from two Poisson- 
distributed populations, one ‘for polystyrene latex 
spheres and one forthe particles. If the raw data 
satisfy the Williamson and Taylor tests, and are 
free from induced variation arising from large varia- 


tions in droplet size, then the ratio of the number’ 


of particles to the number of polystyrene latex spheres 
in the mixed suspension can be estimated from the 


ratio of the total particle-count in all droplets to 
the total count of polystyrene latex spheres in. all 


droplets. The variance of this estimate can be 
calculated by the equation of Luria, Williams and 
Backus*. Lack of information on the precise distribu- 
tion of the ratio precludes the possibility of using 


this variance to calculate a confidence interval. When ©. 
data do contain variations induced by variation | 
in droplet size, and do not satisfy the distribution: — 






test of Williamson and Taylor, distribution-free _ 


statistical methods may still be applied to obtain 
useful inferences about the concentration of particles 
in the unknown suspension. The use of order statistics 
is an PEET AN distribution- free method in this 
instance. The following 

equally well to data hich eens the e eE 
for the Williamson and Taylor analysis. In general, 
one would not expect.the inferences of distribution- 
free analysis to be as precisa as those obtained using 
the Williamson and Taylor analysis. The measure 
of central tendency is the median when distribution- 
free methods are ‘used The true population mean 
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i 78 85 2-171 18 
52 189 66 2°106 8 
8 118 54 2 129 Q 
. 4 59 40 1 476 2 
g` 23 28 0 S21 1 
8 85 41 2-078 5 
7 140 79 1-772 3 
8 95 15 6 383 12 
9 ” 21 10 2 100 7 i 
10 148 71 2 088 6 | 
11 78 35 2 229 11 
12 105 57 1 842 4 


tan 


and median are equal only when the distribution is 
symmetrical. 

Table 1 shows typical raw spray-drop data and 
the assignment of order statistics. The order statistics 
are simply integers assigned in increasing sequence 
to the calculated ratio X. Let n be the number 
of droplets the contents of which were counted. 
Let v be the true median of the population of possible 
ratios. Then the probability that the value of X 
with order statistic r is less than v, and the value 
of X with order statistic n —r + 1 is greater than 
v, can be calculated using equation 1: 

e - i n—r n! IN” 
(Xr LU Xq-r+1) po (n—4) 14! (5) (1) 
From this probability statement, confidence intervals 
for the median may be deduced. These confidence 


intervals are broader than those which might be. 


obtained if the distribution of the ratio were known 
precisely. If needed, narrower confidence intervals for 
the same fiducial probabilities may be obtained by 
applying Fieller’s theorem, which is discussed by 
Finney*. For much work in virus assay, confidence 
intervals based on equation 1 are sufficiently precise. 
Fig. 1 represents equation 1 in graphical form and 
shows, for each sample size, the value of r, which 
describes the confidence interval on the median. 
To use Fig. 1, choose the line labeled with the 
required level of confidence. For the appropriate 
sample size, find r and compute n — r + 1. Locate 
the values of rand n — r + 1 in the column of order 
statistics assigned to the data. The data correspond- 
ing to these values represent the extremes of the 
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confidence interval. For example, the median ratio 
for the data in Table 1 would have a 99 per cent 
confidence interval lying between 1:475 and 2-229 
and a 95 per cent confidence interval between 1:772 
and 2-171. 

When the underlying distributions for the data are 
certain, this information should be used in the 
analysis in order to discover any defects in the experi- 
mental technique, such as a bimodal distribution of 
drop-sizes. When order statistics alone are used in 
the analysis of spray-drop data, there is not the 
internal check for consistency provided by the 
Williamson and Taylor Poisson-distribution test. 
The distribution-free statistics are so convenient to 
use, however, that they can be recommended for 
broad application in situations where extreme pre- 
cision in the estimate of the particle concentration 
is not required. Tho cost of this convenience may be 
the requirement for a bettér- exercise of judgment 
in identifying valid data. 

JOHN B. OPFELL 

Cutter Laboratories, 

Berkeley, California. 
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SOIL SCIENCE 


Swelling of Calcium Montmorillonite 


WARKENTIN 6t al.1, following up earlier work of 
Schofield?, Bolt and Miller*, and others, showed that 
swelling pressures developed by suspensions of sodium 
montmorillonite on an titra filter could be predicted 
satisfactorily from a diffuse ion layer model based on 
classical Gouy—Chapman theory. Warkentin. et al. 
also reported results of preliminary experimente with 
calcium montmorillonite for which the same model 
appeared to be inappropriate. A significant result 
was the decrease in magnitude of reswelling observed 
as the peak pressure applied to the sample increased. 
They concluded that forces not taken into account 
in the caloulation must be present. Recently, Aylmore 
and Quirk‘, Greacen® and others have published 
discussions of these results which may now require 
reconsideration in view of further studies of calcium 
montmorillonite swelling. 

Blackmore’, working with calcium-seturated clay, 
was unable to duplicate the results of Warkentin et al., 
and as a consequence obtained and re-examined one 
of the samples used in that study. In Fig. l are given 
some results of compression~decompression measure- 
ments on the Warkentin et al. sample together with a 
replot of results from Warkentin et al. and corre- 
sponding results from a freshly prepared sample. 
In these curves, the half-spacing is calculated as the 
quotient of the specific water content by the specific 
surface, a convention which assumes spacing 
between all olay particles according to the model 
which was found to be successful for clays saturated 
with monovalent ions. Apart from a half-spacing 
displacement for curves obtained with the old and 
new samples, current measurements on these samples 
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show very simular results and are consistent with more 
extensive results obtained by Blackmore, but the 
reswelling observed was less than half that reported 
by Warkentin et al., except for samples which had 
experienced high pressures. 

It was observed that the Warkentin et al. sample 
contained approximately 25 m.equiv. of sodium per 
100 grams, due presumably to preparation by a cal- 
crum—resin column with insufficient free electrolyte’. 
This may account for the half-spacing displacement 
mentioned, but it apparently’ had little effect upon 
the magnitude-of reswelling. No final solution of this 
anomaly has been achieved, but increasing evidence 
suggests that the swelling reported by Warkentin et al. 
is not that associated with a homoionic calcium 
montmorillonite. Pans: 

Samples of calcium montmorillonite which had 
been equilibrated at various points in compression 
and decompression cycles were examined by X-ray 
diffraction and the presence of 18-8 A. [001] spacings 
was demonstrated at all water contents and pressure 
equilibria. The average thickness of the ‘packets’ of 
particles presumed to be responsible for the diffraction 
peaks was estimated from the extent of hne broaden- 

It was then possible to correct the swelling 
results for the presence of this ‘condensed’ phase and 
to estimate swelling between packets. It was also 
demonstrated that the exterior surface of the packets 
rather than residual single sheets not associated with 
packets was the active site of swelling. 

Fig. 2 shows the origmal and corrected reswelling 
curves for a sample of calcium montmorillonite with 
10-* M electrolyte, and it is seen that agreement 
between the corrected curve and the curve obtained 
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Fig. 2. Swelling pressures as a function of half-spacing for calolum 
montmorillonite calculated in the pre where half- 


spacing is obtained from total water and totel surface area, and 
in the form corrected for ‘packets’ of unit sheets of clay. Tho 
average number of sheets per packet in this sample was 7, and the 
corrected curve has been displaced to the right by 3 A. so that 
it will coincide with the uncorrected one atthe point of maximum 
pressure ° bad 
from the Gouy—Chapman model is surprismgly good: 
On the basis of this and related work ıt may be con- 
cluded that any swelling which occurs in a calcium 
clay—water system is largely of osmotic origin for the 
water contents studied, is a consequence of disorder 
within the sample, and can be approximated by ' 
calculations based on the Gouy—Chapman model. 
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ANTHROPOLOGY 


Apidium and Oreopithecus 


In view of attention recently directed to the 
taxonomic position of Oreopithecus among primates, 
aa æ result of new discoveries by Hiurzeler! and 
Butler and Mills’, a re-analysis of possible affinities of 
Oreoptthecus with Aptdium, from early Oligocene 
deposits of the Fayum, Egypt, seems desirable. Two 
fundamental points regarding this amall Egyptian 
gonus have been largely overlooked in recent litera- 
ture on primate phylogeny. These are: first, that 
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1. i, type; size approx. x 2 
(after 3 tman "ref. i; r ee pemi phiomense typo; gise 
approx, x4, Apices of principal cusps indicated in black 


ranking Apidium as a primate is still justifiable, 
and second, that (among primates) its greatest 
resemblances are to Oreoptthecus (Fig. 1). As both 
these agsessments depend on partly qualitative 
taxonomic judgments, either may continue to be 
debated. In the following account the bases for these 
two conclusions are briefly outlined. 

Osborn’s reluctance to designate an ordinal 
pogition for Aptdsum in his description’? of the type 
and @hly specimen was understandable in 1908. 
Much less wes then known of Oreopithecus dental 
patterns, and little or nothing had been published 
regarding a number of early Tertiary primates, with 
which Apidium can now be compared. Such forms, 
= since discovered, include Parapithecus and Proplto- 

, both from the same Oligocene fluviomarine 
formation which yielded Apiditum. Direct obser- 
vation of the type-specimens of these three genera 
shows that they are possibly inter-related. Although 
the teeth of Aptdium are more cuspidate than are 
those of the other two Fayum mandibles, substantial 
agreements obtain among all three in confofmation 
of major molar c and m other details. The 
suggestion by Osborn that Apidium might be allied 
to Oebochoerus, a primitive suid of the late Eocene of 
Europe, was rejected by both Schlosser‘ and Gregory. 
Even so, Osborn’s caution evidently has seeded an 
unnecessarily persistent doubt that Aptidium can be 
given. an accurate assignment to an order. Actually, 
a sound assessment should be possible. The teeth 
preserved are complex and httle worn, so that, 
together with details of the jaw ramus, the occurrence 
and morphology of a great many separate features 
can be noted. Gregory! held that Apidium represents 
a plausible structural progenitor for the cercopithe- 
coids, an assessment which still has some merits. He 
also stressed its close dental similarity to Oreomihecus. 
Since the latter was then regarded as a cercopithecoid 
monkey correct assessment was further complicated. 
Recently, Piveteau® and Hurzeler! have suggested 
that Aptdium is a condylarth related to Phenacodus, 
but this is improbable (see Simons, ref. 7). 

Among non-primates the closest similarities with 
Apidium are still to be seen in Cebochoerus, rather 
than with any Condylarthra. Nevertheless, these 
correspondences also appear to be superficial. There 
are a large number of proposed species of Cebo- 
choerus, some of which have very little resemblance to 
Apidium. A specimen of Cebochoerus sp. at Princeton 
University, No. 11472, from the late Eocene phos- 
phorites of south-central France shows more features 
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of agreement with Apidium than most members of 
the genus do. Yet thoir differences are significant. 
Although a small individual of Cebochoerus, this jaw 
is almost twice as large as that of the Fayum primate, 
and, unlike it, has a progressive increase in depth of 
the horizontal ramus posteriorly, a feature common 


_in artiodactyls, but rare in primates. Moreover, the 


principal molar cusps of the suid are higher and 
occupy & more central position on the teeth than they 
have in Aptdium. In the latter the antero-internal 
margin of the mandible starts to turn inward toward 
the symphysis next to Pq, thus suggesting a reduced 
number of teeth in the front of.the jaw (as in catar- 
rhines) and unlike Oebochoerus, other artiodactyls, 
and Condylarthra generally. While thrd molar heels 
in. both are large, that of Apidium lacks the distinct 
separation of the hypoconulid lobe of My seen in 
Csbochoerus and typical of Artiodactyla. A raised 
area or centroconid is present in molars of both 
forms under consideration, but as this structure also 
occurs in the same position in Oreoptthecus it need not 
indicate a phyletic connexion between Aptidium and 
Oebochoerus. This suid also differs from Aptdium and 
in having ® more pronounced con- 
striction between trigonid and talonid of My7_3 and a 
distinct crest joining hypoconid and hypoconulid. 
In spite of this evidence, it cannot be denied that 
convergence between some primates and some suids 
can be very deceptive. As late as 1951, the view that 
might be a suid wae advanced in print. 
A similar confusion of these two groups lay behind the 
description of ““Hesperopithecus’. Now that Hür- 
zeler, through recent collecting in Italy, has per- 
formed the valuable service of making 
one of the better-known fossil primates (in terms of 
skeletal parts represented) its ordinal position is no 
longer in doubt. This problem resolved, the primate 
status of Apidium is practically confirmed by way 
of the following observed similarities with Oreopithe- 
Cus 


In Oreoptthecus the fourth premolar, Pz, is two-cus- 
ped, while at best in Aptdium it is only incipiently 
so. It must be assumed, however, that at some point 
in the ancestry of Oreoptthecus PZ had only one 
principal cusp, as is typical of Eocene and earlier 
primates. Moreover, the multiplication of cusps in 
the talonid region of Pz in Apidium is reminiscent of 
the condition here in Oreopithecus and in some Eocene 
primates as well. A small internal cusp also may be 
the homologue in the Fayum form of the inner cusp of 
Pq in Oreoptthecus. Occasionally in the latter the 
internal cusp of the trigonid is somewhat smaller and 
lower than the outer, so that the bicuspedness 1s not 
developed to the same degree in all specimens of the 
Tuscan primate. 

Agreement in structure in the first molar tooth, as 
between the two species, is striking. In both forms 
the basal cingulum is most distinct around the 
anterior end of the tooth. The two also agree in the 
position and shape of the paraconid element, and the 
protoconid and metaconid of both exhibit three major 
crests running down from their apices, two of these 
being directed more or less antero-internally and the 
third running postero-lingually. They are alike in 
having the central cusp or centroconid less distinct 
here than in Mz, but differ from Cebochoerus in which 
this eminence is ridge-like instead of being low and 
rounded. Possible homologies of this cusp are of some 
interest. In Apidwm and Oreoptithecus the centro- 
conid occupies a position at about the centre of a 
cross drawn through protoconid, metaconid, hypo- 
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conid and entoconid. Among primates such a shape 
and location of the centroconid is limited to these 
two forms. In some fossil mammals, including the 
condylarth Phenacodus, there is a subsidiary cusp on 
the antero-internal slope of the hypoconid which has 
been called a mesoconid. A slight prominence here 18 
sometimes present in Pliopithecus and Giganto- 

ptthecus, but in them the cuspule never has a com- 
pletely central position. It seems improbable that the 
structures here termed mesoconid and centroconid 
are homologous. If they are, then the centroconid 
must have arisen by ‘slipping’ toward a central 
position along the antero-internal crest of the hypo- 
conid .after an initial subdivision of the latter had 
occurred. That this could happen is doubtful. A 
preferable assumiption may be that the centroconid 
arose in the ApidiumOreoprihecus branch of the 
hominoids as a neomorph, and is not to be equated 
with the mesoconid seen in phenacodonts, hyopso- 
donts and several other archaic mammalian famulies. 

In Apidium the My talonid is somewhat broader 
compared to the trigonid than in Oreoptthecus, but 
this is true only for the My; both differ from Cebo- 

choerus, which has broader trigonids than talonids. A 
rather broad and flat hypoconulid in Apidium is 
suggestive of an earlier condition of development of 
the large area seen here in Oreopithecus; there is 
already some thickening of the posterior basal 
eingulum of the hypoconid which, by joining the 
hypoconulid area, could produce the broad posterior 
molar shelf of Oreoptthecus. 

In addition to similarities noted for the first molar 
which are largely repeated here, second molars of both 
show considerable reduction of the paraconid element, 
so that it consists only of an anteriorly bowed ridge 
or crescent between the apices of proto- and meta- 
conids. Each exhibits a more distinct centroconid 
and elsewhere a slight mesostylid cuspule. As might 
be expected for an earlier form, in Apidtum My is 
slightly less specialized than in Oreoptthecus, and 
also shows similarities with My of Phopithecus, and 


Gigantopithecus. 

The third molar is the largest and longest of the 
molar series in both primates (although in Apidtum 
its full size is obscured by the fact that it has not fully 
erupted). In Fig. 1 the orientation of this tooth has 
been altered, so that rts crown can be seen in the 
same plane as those of the remainder of the series. 
This illustration shows that in both species there 
is a large hypoconulid flanked laterally by accessory 
cuspules. A long postero-internal buttreas of the 
hypoconid runs between ento- and hypo-conulid in 
the specimen of Oreoptthecus figured here (after 
Hiirzeler). This might be an important difference 
from Apidium, were it not for the fact that this ridge 
is missing in some specimens of the former. 

The lack of connecting links, interposed temporally 
and morphologically between these two primates, 
Agidium and Oreopithecus, renders claims of an 
ancestor—descendant relationship between them un- 
certain. However, the resemblance between the two is 
striking considering that they are separated in time by 
more than twenty-five million years. Aptdium appears 
to be @ primate having particular significance in 
determining the tıme of origin of the Oreopithecidae. 
Fragmentary as they are, when taken together, the 
Fayum primates indicate the poasibility that cerco- 
pithecoids, pongids and oreopithecids were already 
distinct in the early Oligocene. Accurate conclusions 
about the bearing of both Apidium and Oreopithecus 
on the question of hominid origins will have to await 
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the discovery of additional specimens and completion 
of studies now in progress. 


VOL. .186 


ELWYN L. SIMONS 


Zoologica] Laboratory, The College, 
University of Pennsylvania, Philadelphia, 4. 
’ Hirzeler, J., Abhandl. Schweizerischen Paldont. Gesell., 66, 8 (1049); 
Verkandl. Naturfor. Gesell. Basel, € 69, No. 1, 1 (1958). 
* Butler, P. AL, and Afflls, J. R. E., Bull. Bru. Mus. (Nat. Hut.), 4, 
No. i 1 (1959). 
* Osborn, H. F., Bull. Amer. Afus. Nat. Hist, 58, 253 (1908). 
‘ Schlosser, M., Betir, Palaont. und Geol. Osterreweh-Ungarns, 24, 51 (1011). 
: aly ra W. K., "The Origin and A areon of the Human Denti- 
on (Williams and ap eran , Baltimore, 1922). 
*Piveteau, J., ‘Prima Palbontologte Humain”, in “Traité de 
palgontologie™ 7. 7,1 tans, 
’ Simons, B, X., Amer. Mus. pode No. 1976, 1 (1059). 


MISCELLANY 


“The Lunar Surface” 


IN proposing new, or partly new, ideas in a field 
where many conflicting opinions are held, one is 
always open to misinterpretation and, unfortunately, 
the review of my book “Strange World of the 
Moon”, appearing in Nature of March 12, p. 718, 
although fair in intention, misrepresents some of the 
pomte I make. 

Thus, Dr. Pagel states that ‘Iunavoes’ “are essen- 
tially broken bubbles of gas bursting out from & 
contracting surface”. This is true only witha con- 
siderable degree of poetic licence. Neither Spurr nor 
I have proposed such an idea. We interpret lunar 
craters as calderas of collapse, produced by the caving- 
in of laccolithic domes due to the withdrawal of 
magmatic support. Escape of gases plays an impor- 
tant in the process, but the uplift is not a 
‘bubble’. Collapse calderas are well known to 
geologists and a classical study of these structures 
was published by Howel Williams in 1941. 

Dr. Pagel states that “Mr. Firsoff attributes ray 

to erosion by running water”. This is a 
very unlikely explanation and he appears to have 
confused my interpretation of the rays as ejected 
matter acoumulated in hollows with Spurr’s suggestion 
that the radial gullies on the lower slopes of such 
formations as Attolyous and Aritstillus may be 
drainage channels produced by torrential downpours 
during copious eruptions of steam. 

Omitting minor inaccuracies, I pass to Dr. Pagel’s 
unexceptionable conclusion that the presence of 
water “on the lunar surface is highly implausible”, 
which is precisely what I said. Liquid water could 
exist on the surface of the Moon only exceptionally, 
temporarily and in small quantities. My contention 
is that, surface rocks being specifically lighter than 
water, it may exist beneath the surface. Such investi- 
gation as I have made also appears to show that there 
is no physical reason for denying the possibility of 
local surface deposits of ice and snow surviving for 
long periods in certain circumstances. Photo- 
dissociation is discussed. 

V. A. Firsorr 

Mx. Fresorr’s clarification of ‘lunavoes’ is very 
helpful, and I must apologize for having confused 
his explanation of rays with Spurr’s explenation of 
radial gullies. My argument against the presence of 
water applies equally to ice and snow, which would 
be dissociated by solar ultra-violet radiation in the 
vapour phase. 

B. E. J. PAGEL 
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Tuesday, June 7 


Univugsiry oF LONDON (at the Institute of Archeology, 
Circle, sre, ne irs London, N.W.1), at 5.45 a get . ad. 
Hurst: “ Medieval Villages’’.* (Eighth of nine lectures on 
“Recent Archmological Discovery in Britain”, 


Further lecture on 
June 14.) 
Tuesday, June 7—Thursday, June 9 


INSTITUTA OF PERSONNEL MANAGEMENT (at the Connaught Rooms, 
Great Queen Street, London, W.0.2), at 9.80 a.m. dauly-—Conference 
on ‘The Implications of Recent Research for Personnel Management”. 


Wednesday, june 8 


UNIVERSITY OF LONDON (at "8 onego; Biante: Londo 
at 5.80 p.m.—Dr. A. J. Dalton (National cer Institute, Bethesda 
U.8.A.); “Electron Microscopic Studies on a Serlea of Plasma Cell 
Tumours in Mice’’.* 


WOMEN'S ENGISHERING Soorsry (at “Hope House’, 45 Great 
Peter Street, London, 5.37.1), ab 7 p.m.—Annual General Meeting. 


. ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.-—Prof. J. B. Cragg: “Some South Atlantic Islands”, 


W.C.2), 
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ROYAL Socrmry ‘a Burlington House, Piccadilly, London, W.1), 
at 4.80 p.m.—Mr. G. B. Cook, Mr. D. G. King-Hele and Mr. D. M 
Walker: “The Contraction of Satellite Orbits Under the Influence 
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College, Street, London, W.0.1), at 5 paar. B Bach: 
“The Me o Fate of Protein-Nitrogen in the Mammal” 
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recelve ‘Assont (om 
system of pr Britia dyestuffs 
‘industry had enjoyed since the Dyestuffs (Import 
Regulation) Act was passed in December 1920 in 
accordance with an official pledge given by the 
Government in May 1918. That Act prohibited the 
import of dyestuffs except under hoence granted by 
the Board of Trade on the recommendation of the 
Dyestuffs Advisory Licensing Committee, usually on 
the ground that there was no British equivalent or 
on grounds of price. Originally licences were granted 
when the price of the British product was more than 
three times that of the foreign equivalent, and durmg 
the years this factor was progressively reduced to 
1:75; but by 1932 imports of dyestuffs were almost 
entirely of those not mado m Britain. 

The Dyestuffs (import Regulation) Act was 
originally to run for ten years, but when in November 
1930 the then President of the Board of Trade, Mr. 
W. Graham, announced the Government’s decision 
to allow the Act to lapse, there were stormy debates 
in Parliiment. In the Commons on December 4 the 
Government carried by a majority of 30 its motion 
to allow the Act to lapse, but a motion to continue 
the Act to December 31, 1931, was carried against 
the Government in the Lords. Afterwards, on 
December 17, the Government’s majority fell to 6 
on a motion to disagree with the Lords, and it was 
in this debate that the late Major A. G. Church, then 
general secretary of the Association of Scientific 
Workers, spoke and voted against his party, urging 
the importance of the industry to research and 
voicing the arguments raised by many leading 
scientists and industrialists in a discussion on the 
industry at the British Association meeting at 
Bristol in the previous September. The Lords 
insisted on their amendment, and on December 18 
the President of the Board of Trade moved that the 
Commons should not insist on disagreement. 

As a regult, the Act was renewed annually under 
the Expiring Laws Continuance Act for the next 
three years, until in December 1933 a new Dyestuffs 
(Import Regulation) Bill was introduced by Dr. E. L. 
Burgin, then President of the Board of Trade. In 
the meantime the Import Duties Act, 1932, had 
been passed, under which, since March 1932, all 
imported dyestuffs had been subject to the general 
ad-valorem duty of 10 per cent, and an Import Duties 
Advisory Committee established. When the Dyo- 
stuffs Industry Development Committee therefore 
reported in 1932 on the position and development of 
the industry in Great Britain, the questions whether 
farther assistance to the industry was necessary and, 
if so, the form such assistance should take, were 
referred to the Import Duties Advisory Committee. 
This Committee in July 1933 recommended that the 
1920 Act should be continued indefinitely, but that 
colouring matters not used in dyeing should be dealt 
with under the Import Duties Act of 1932. Inter- 
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mediates, but not dyestuffs, should be subject to the 
general ad valorem duty of 10 per cent. Accordingly, 
the Bull introduced by Dr. Burgin proposed that 
dyestuffs not used in dyeing should be dealt with by 
the Import Duties Advisory Committee, and provided 
for the consideration of complaints by that Com- 
mittee and for the imposition of duties up to 20 per 
cent on pigments. Most other materials from which 
the prohibition was removed by the Bill were already 
subject to duty under the Safeguarding of Industries 
Act or other Acts. 

This Bill had a smooth and uneventful passage 
through both Houses of Parliament, although the 
Colour Users’ Association maintained that the Act 
had already served its purpose and firmly esteblished 
the industry ; and the debates were marked by none 
of the heat or tension of those in December 1931. 
The Act, which received Royal Assent on March 28, 
1934, continued in force until it was recently repealed 
under Clause 5 of the European Free Trade Associa- 
tion Act; but, as the Minister of State, Board of 
Trade, Mr. F. J. Erroll, explamed in moving the 
second reading of the Bill on February 15 last, the 
Dyestuffs (Import Regulation) Acta had not been 
used since 1939. The obligation to eliminate quali- 
tative restrictions on imports involved in participa- 
tion m the European Free Trade Association 
necessitated the abandonment of the present system 
of prohibition of dyestuffs and their intermediates 
except by licence, and, in turn, this has entailed a 
decision to substitute protection by tariff. 

The protective import prohibition is contrary to 
the general rules of the General Agreement on Tariffs 
and Trade, and dyestuffs obviously could not be 
excluded from the scope of the European Free Trade 
Association arrangements, although, as was explained 
by the Earl of Dundee in the House of Lords on 
March 8, Britain arranged in 1947 that we should be 
allowed, if licensing was terminated, to put on instead . 
an import duty of 33} per cent. Progressive liberal- 
ization of the import prohibition would involve the 
admission duty-free from member countries of the 
Association of increasing quantities of dyestuffs of 
types already produced in the United Kingdom. 
While it is difficult to predict the effect of this step, 
clearly, as Mr. Erroll observed, some difficulties for 
the British industry must be expected, and once 
imports have been allowed in duty-free from members 
of the Association, it would become extremely 
difficult to establish a tariff in the context of any 
wider free-trade area. _ 

It was therefore important, said Mr. Erroll, to 
introduce as soon as possible a protective duty on 
dyestuffs and their intermediates imported from all 
foreign sources, and such a duty would be subject 
to progressive reductions on imports from member 
countries of the Association until, at the end of ten 
years, dyestuffs from such countries would be ad- 
mitted free of duty. Mr. Erroll reiterated that repeal 
of the Dyestuffs Acts was one part of the Bill and a 
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necessary step in the change-over from a system of 
protection by prohibition and licence to a system of 
protection by the tariff. In broad terms, the import 
of dyestuffs and their intermediates would receive 
the same treatment as other chemicals, and this 
section of industry would thus receive the same level 
and form of protection as wag enjoyed by the rest of 
the chemical industry. Mr. Erroll assured the House 
that the dyestuffs industry had been duly consulted 
on the change-over, which would be effected by tariff 
orders, and said that amendment of the open general 
licence, operating from March 2, would be introduced 
to the House in due course. 

It is perhaps the most emphatic testimony to the 
way in which over the past forty years the dyestufis 
industry has been built up that this unique British 
system should have been terminated so quietly and 
almost without notice. The arguments as to the key 
importance of the industry advanced during the 
First World War and afterwards have not lost their 
importance, however, and it would ill become the 
British scientist or technologist to allow the system 
to end without saluting alike the vision and determ- 
ination of those who first established it, who saw 
thirty years ago that it was maintained even at 
personal sacrifice, or the forebearance and co-opera- 
tion between makers and users which made the system 
work. Both dyestuffs manufacturers and users 
of dyestuffs in the textile industry appear to expect 
very little change in the pattern of trade under the 
new conditions, and the dyestuffs industry seems to 
be reasonably confident of continuing to supply 
90 per cent of the requirements of the textile industry 
in Bntain. Moreover, the co-operation of the users 
in building up the Brrtish industry, especially thirty 
yeara or more ago, has established a strong com- 
munity of interest as well as a tradition of co- 
operation. Dyers have come to depend largely on, 
the technical services of the dyestuffs manufacturers 
as woll as on his supplies of colour, and those servicet 
are unlikely to be so readily available from overseas 
sources. While ıt is too early to be sure of the effect 
of the new arrangements on the industry, there 
appears to be every reason for confidence that 
the British industry will continue to flourish and to 
make important contributions in products and tech- 
nique. 

The dyestuffs industry is not the only reason why 
the European Free Trade Association Act hag at 
least passing interest for the scientist. Like other 
measures towards freeing Kuropean trade, it should 
serve to develop that community of interest and 
freedom of communication which science and tech- 
nology alike require for unimpeded advance, and 
which are the greatest safeguard against waste of 
effort or resources. Two recent broadsheets issued 
by Political and Economic Planning bring this out a 
little further. The earlier one, “European Unity—A 
Review” (No. 486; September 28, 1959), assesses 
generally such institutions as the Economic Com- 
mission for Europe, the Organization for European 
Economic Co-operation, the Council of Europe and 
the North Atlantic Treaty Organization, and the 
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obstacles to. the rationalization of such organizations. 
A much more elaborate analysis has also been pub- 
lished by Political and Economic Planning under the 
title “European Organizations’’*, as the outcome of 
the work of a research group. 

Apart, however, from the summary and conclusions 
of this report, and the long chapter on the Organiza -. 
tion for European Economic Co-operation, the 
broadsheet is likely to meet most of the needs of the 
scientist or technologist, particularly if supplemented 
with the second broadsheet, “Challenge and Change’’ 
(No. 440; March 14, 1960). This broadsheet contains 
four papers delivered last autumn at a conference, 
“Is the Economy of the Western World splitting 
apart °°, arranged by the Committee for Economic 
Development, an American research organization 
conducted on somewhat similar lines to Political and 
Economic Planning. In the first of these papers, Sir 
Oliver Franks, dealing with “The New International — 
Balance: Challenge to the Western World”, refers 
to the importance of a right answer to our relation 
to the developing countries and a proper allocation 
of our resources to this cause. The same point is 
made by Mr. P. van Zeeland in his paper, “The 
Economic Community: Move towards Atlantic 
Union”, in discussing the relations betwgen® the 
Common Market and Africa. Mr. van Zeeland sug- 
gested in particular the creation of an Atlantic 
economic community, open to all free peoples, averse 
to discrimination and ready to serve the under- 
privileged, while Mr. P. C. Hoffman, in his paper, 
“Development and Growth: Goals for a Crucial 
Decade”, dealt at some length with assistance, 
including technical assistance, to the under-developed 
countries. The significant emphasis placed on these 
problems of the relations between the relatively 
advanted and the under-developed countries should 
not be lost on the scientist and technologist, who 
have much to contribute in that field. There is 
undoubtedly much still to be done to work out the 
most effective means by which such assistance can 
be given, before we can regard the channels of com- 
munication, even of information, ~reasonably clear, 
and the waste of scientific and technical resources or 
man-power unlikely. 


* European Organizations. Pp. xvl+3872. (London: Poltical and 
Reonomie Pla Planning, and George Allen and Unwin, Ltd., 1059.) 30a. 
ne 
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HEISENBERG, PHYSICS AND 
PHILOSOPHY 


Physics and Philosophy 

The Revolution in Modern Science. By Prof. Werner 
Heisenberg. (World Perspectives.) Pp. 176. (Lon- 
don: George Allen and Unwin, Ltd., 1959.) 15s. net. 


OM the group of physicists who, thirty-five 
years ago, built the rational foundation of the 
quantum theory of atomic systems, the figure of 
Heisenberg emerges as the leading one, both by his 
creative imagination. and by his powerful grasp of the 
novel logical relationships which confront us in this 
domain. To those who, like myself, look to him for 
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continued guidance and inspiration, a book containing 
his views on the philosophical aspects of modern 
physics would raise high expectations. It 1s therefore 
with great dismay that-I am forced to confess my 
disappointment, and to set down, for the edification 
of potential readers, my reasons for it. Just 
because I regard Heisenberg as one of the highest 
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authorities ın the domain of fundamental physics, I | 


shall do this with unsparing frankness. 
The book reproduces the text of a course of Gifford 


Lectures; I was unable, however, to discover any: 


plan or leitm>tive in this course ; the single chapters 
might just as well have been detached lectures on 
their respective subjects, and they are not even 
presented in any obvious logical order. The lack of 
any pre-occupation with systematic, or scholarly 
discussion 18 also apparent from the complete absence 
of references to any books or articles which would 
allow the reader to pursue the subject of his choice. 
_ Indeed, the author, who is undoubtedly well read mm 

some parts at least of philosophy and history, has 
taken so little care ın checking his facts that his 
sketches of the historical development of philosophical 
and scientific problems are everywhere marred by 
serious inaccuracies, which are the more disturbing as 
the inexpert reader does not get any hint about the 
sources of the author’s nformation. Lest one suspect 
me of being pedantic, let me just mention that even 
sudh gidely known historical developments as that of 
electromagnetism or the notion of the atom in chemis- 
try are presented in a felse ight. It is unfortunately no 
exaggeration to say that as an exposition of the basic 
data, which the author takes as a starting point for 
his comments and considerations, the book is worse 
than valueless: it is positively misleading. 

One may perhaps console oneself by observing 
that, after all, one 18 not looking here for any system- 
atic study, but rather for some conversation, as it 
were, with the author about the thoughts and 
reflexions which are familiar to him and which 
inspire him in bis creative work. From this point 
of view the book has undeniably documentary value : 
but how much more interesting would have been the 
conversation if the author had been more attentive 
to his interlocutors! In the chapters more specially 
devoted to the physical problems in which he is no 
longer a negligent dilettante, but a supreme master, 
the author has/apparently made no effort to express 
his thought with the precision and neatness one has & 
right to demand from him: he alternates uneasily 
between a popular exposition of results (which is 
not his forte) and a hazy, superficial discussion of the 
logical and philosophical issues, which certainly 
does not convey to the layman an adequate idea of 
ther mnportance. 

Turning now, with these reservations in mind, to 
the contents of the book, one again meets with 
disappointing features. One of the lectures is devoted 
to Greek philosophy, another to the modern philoso- 
phical systems from Descartes to Kant; these sur- 
veys, however, are presented as mere catalogues of 
ideas which appear to follow each other in arbitrary 
succession ; and this unhistorical approach is still 
more underlined by the fact that the whole discussion 
of these philosophical conceptions is directed towards 
their assessment in comparison with our present views, 
derived from the development of atomic physics ! 
It would be hard indeed +o find a less-inspiring subject 
than the consideration of the epistemological situation 
of quantum theory from the point of view of the 
Kantian a prtort. 
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With regard to the epistemological problems just 
mentioned, Heisenberg’s exposition naturally follows 
the hne of argument which he has himself so decisively 
contributed to establish, and which he calls, in 
homage to Niels Bohr’s great leadership, the “Copen- 
hagen interpretation”. He even devotes a whole 


‘chapter to the thankless task of tearing to pieces the 


various objections raised against this conception, and 
this is the best chapter of the book. But the account 
he gives of the “Copenhagen” ideas 1s unfortunatély 
not so good as it ought to be; and certamly not 
one of the physicists now working in Copenhagen 
would subscribe-to the general philosophical attitude 
underlying this account. Altogether, it would be 
better to discard such an ambiguous expression as 
“Copenhagen interpretation”, were it only because it. 
falsely suggests that there could be other possible 
interpretations of quantum theory. ; 

I am particularly unhappy about the chapter 
entitled “Language and Reality in Modern Physics”, 
in which it is suggested that in the description of 
atomic events the classical concepts are used “in a 
somewhat vague manner”, reminding us “of a similar 
use of language in daily life or in poetry”. Taken 
literally, such a statement runs counter to the very 
spirit and purpose of the unceasing efforts of the 
Copenhagen physicists to develop an epistemology 
guaranteeing a fully precise use of the classical 
concepts, exempt from contradiction in every con- 
ceivable aituation. Of course, the wave-concept, 
when applied to an electron, has not the same relation 
to possibilities of observation as when it is appled 
to a beam. of light ; it is tempting to say, for example, 
that the wave-pattern of electrons in a crystalline’ 
lattice, constructed by the crystellographers . from 
X-ray diffraction measurements, represents a ‘blurred’ 
or ‘smeared-out’ picture of reality : but this tempta-, 
tion should be resisted, not encouraged. For the 
term ‘blurred’ or ‘smeared-out’ implies a reference to 
the particle picture, which, according to: the rules of 
interpretation, cannot legitimately be used in this 
case. I fail to understand why the author, instead of ' 
insisting upon this kind of language problems—well 
known to physicists, but puzzling to outaiders—has 
preferred to dwell at length on questions of ‘multi- 
valued logics, which can only confuse everybody. 

If this book had been better, I should have deplored , 
its inclusion in a collection which, under the grandilo- 
quent title “World Perspectives”, assembles all the» 
shades of woolly thinking with which our time is - 
afflicted. In this series, Heisenberg’s text appears 
preceded by an introduction which a professional 
philosopher has thought fit to write for it. But I am 
loath to load further reproach for a missed oppor- 
tunity on a colleague whom I deeply revere; to see 
his book saddled with that introduction must be the 
punishment meted out to him by the gods. 

L. ROSENFELD 


ZOOLOGICAL LITERATURE 


The Zoological Record 

Vol. 93. Being the Records of Zoological Literature 
relating chiefly to the year 1956. Edited by G. 
Burder Stratton. Pp. v+2,014. (London: The 
Zoological Society of London, 1959.) 160s. 


HE “Zoological Record” is yet another of the 
many publications held up by the printmg 
dispute last year, and great credit reflects upon the 
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editor and recorders for its appearance after such a 
comparatively short delay. e present volume is 
162 pages longer than the previous one (then the 
largest on record), and although part of this increase 
(69 pages) is the result of including the Trilobita for 
1955 as well as 1956, thero is once again evidence of 
the rapid expansion of the subject in recent years. 
The relative size of the various sections shows 
comparatively little change, Insecta still remaining 
by far the largest with 536 pages, rather more than a 
quarter of the volume. This section is prepared by, 
and obtainable from, the Commonwealth Institute of 
Entomology; and is arranged with a list of all the 


titles coming first, with full references following the. 


author’s name, and each reference is given a serial 
number; this year rising to 3,444. Then follows the 
subject index prepared for those working on general 
problems, without affecting its importance for taxono- 
mists. This 1s divided under eight headings: general, 
morphology, development, physiology, bionomics, 
ecology, evolution, and geographical or faunistic, and 
information is arranged by orders under each heading. 
Finally, there is the systematic index where orders 
and families are arranged in alphabetical sequence. 
An appeal is made to writers of systematic papers to 
mark new synonyms with the words (n. syn) as 
otherwise it is impossible to ensure that they will 
be correctly recorded. A similar plan is followed in 
the other seventeen sections with the exception that 
the use of serial numbers has now been abandoned. 
These sections, compiled by twenty-four recorders, 
experts in the various branches of the subject, 
remain the same-as in previous volumes, with the 
exception that the classes Amphibia and Reptilia 
are now separated instead of being united in one 
section. 

Protozoa’; Vermes—a very heterogeneous assem- 
bly ; Mollusca ; Arachnida; and the various classes 
of vertebrates comprise most references. Apart from 
the first two, these sections include animals which 
attract the attention of amateurs and this may 
explain their size. It is difficult to understand, 
however, why such very large groups as Coelenterata 
and Echinoderma do not receive more attention, but 
economié importance is doubtless significant. A total 
of 2,042 generic and subgeneric names is listed in the 
` final section, made up as follows : 

Protozoa 78; Porifera 9; Coelenterata 51; 
Echinoderma 8; Vermes 82; Brachiopoda 96; 
Bryozoa 10; Mollusca 153; Crustacea 84; Trilobita 
(1955) 85, (1956) 62; Arachnida 200; Insecta 974 ; 
Protochordata 4; Pisces 69; Amphibia 6; Reptilia 
16; Aves 5; Mammalia 50. 

The ‘Zoological Record” is compiled for the 
Zoological Society of London and published by it. 
The very heavy expenses involved are met, in part, 
by donations from institutions and individuals 
amounting, during 1956, to a total of just over two 
thousand pounds. All these donations come either 
from the British Commonweslth or the United 
States, with the exception of the International 
Council of Scientific Unions (£500) and the Naples 
Zoological Station (£10). It is regrettable that a 
publication of this nature, the only one which 
attempts to give each year a complete list of zoological 
publications through the world, and indispensable to 
any zoologist trying to trace the literature of his 
subject, should not receive support from zoological 
institutions in other countries. 

EDWARD HINDLE 
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GENETIC RECOMBINATION 


Exchange of Genetic Material 

Mechanisms and Consequences (Cold Spring Harbor 
Symposia on Quantitative Biology, Volume 23.) 
Pp. xvi+433+2 plates. (Cold Spring Harbor, L.I, 
New York: Long Island Biological Association, 
1958.) 8 dollars. 


HE recombination of genetic materials, its 

mechanism, control and sgnificance, constitutes 
one of the great central problems of genetics. Recom- 
bination was first observed by Mendel, but the free 
recombination. of genes carried on different chromo- 
somes, such as he was presumably seeing, present 
little problem of mechanism. However, with the 
discovery of linkage groups and the analysis of the 
restricted recombination between the genes of a 
group came the much more difficult, and theoretically 
much more significant, question of how homologous 
chromosomes exchange material during the process 
of meiosis. This commanded wide study by genetical, 
and later cytological, means for some thirty years 
and much wes discovered about the process: inter- 
ference, the non-random distribution of recombina- 
tion along the physical chromosome and the recipro- 
city of exchange were all established, but perhaps 
not surprisingly the mechanism eluded us. There 
were theories but no finality ; and here the study of 
how recombination comes about rested for mone tHan 
a decade. Interest revived with the advent of micro- 
organisms as subjects of genetical investigation, for 
these not only offered the technical advantages of 
analysing recombination too rare to be followed even 
in Drosophila but also revealed new mechanisms by 
which it could come about—parasexuality, transform- 
ation, transduction and the hke—and also brought to 
light the phenomenon of gene conversion with its 
curious and as yet unclear relation to recombina- 
tion. An additional fillip was given by the growing 
understanding of how deoxyribonucleic acid is or- 
ganized. ° 

This new interest in the mechanism of recombina- 
tion is well exemplified by the Cold Spring Harbor 
Symposium of 1958. Sixteen of the papers deal with 
recombination ag seen in various bacteria and fungi, 
and these include the address with which Sir Mac- 
farlane Burnet opened ths symposium. Two further 
papers specifically consider it in relation to the 
replication and arrangement of deoxyribonucleic 
acid in the chromosomes. Non-reciprocal recombina- 
tion and conversion, transduction and the possible 
restriction of effective pairing to specific sites are all 
considered. The unity and the duality of mechanisms 
underlying recombination in its various manifeste- 
tions are both argued. Five papers, all but one of 
them dealing with Drosophila, present cross-over 
studies of the more classical type. There is as much 
information and as much stimulation in these twenty 
or go papers as there is absence of agreement on 
conclusions and pointe of view. This is no doubt as it 
ehould be in a field of active study, but it warns us 
that understanding of how recombination comes 
about is as elusive as ever. 

The symposium was not confined to mechanisms 
but considered consequences as well. It has long 
been realized that the significance of sexual repro- 
duction lies in the recombination it makes possible. 
Not until the development of polygenic theory, 
however, did the full importance emerge of recombina- 
tion as the prime agent of genetic flexibility in popula- 
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tions. This relation of variation and selective response 
to recombination is explored further in three papers, 
and several others discuss the control of recombina- 
tion by both its direct restriction and its reduction 
to ineffectivity through mbreeding and apomixis in 
the wild. Again, as with mechanisms, woe see a 
diversity of approach, but this time with more unity 
of conclusion ; polygenic recombination 1s the key to 
understanding variation, adaptation and change in 
the wild. 

The breadth of the symposium is finally emphasized 
by the inclusion of a number of papers dealing with 
such varied topics as recombination ın relation to the 
stability of genes, nuclear-cytoplasmic relations and 
the remarkable phenomenon of paramutation in 
maize. If evidence were needed that recombination 
is of central significance in genetics this symposium 
most certainly suppliesit. It is scarcely to be recom- 
mended as reading for the novice, but few geneticists 
will fail to gain stimulation and profit from it no 
matter where their interests lie between the chemical 
basis of heredity and the behaviour of populations 
in the wild. KENNETH MATHER 
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THE PLEISTOCENE ERA 


The Plelstocene Period 

Its @imate, Chronology and Faunal Successions. By 
Prof. Frederick E. Zeuner. Pp. 477. (London: 
Hutchinson and Co. (Publishers), Ltd., 1959.) 428. net. 


EFORE the Second World War, most of the books 

about the Pleistocene Period were becoming out 
of date, and the publication of Prof. Zeuner’s book 
“The Pleistocene Period” by the Ray Society in 1045 
was therefore most welcome. The subject of the 
present review is an enlarged edition of that work, 
brought up to date by the addition of a chapter 
which presents ‘New Evidence”, the main body of 
the work remaining almost unaltered. This arrange- 
ment is unfortunate, as it fails to include feferences 
to many new publications which have appeared since 
` 1945. 

The book starts by describing the evidence of past 
climatic changes as deduced from glacial and peri- 
glacial beds and from physiographical features, and 
to a lesser extent from the study of fossil plants and 
animals. On this rather one-sided basis the sequence 
of olimatic fluctuations for most parts of the Earth 
are examined in detail. This is followed by Prof. 
Zeuner’s well-known comparison between the climatic 
results thus aasembled and the calculations by 
Milankovitch of the variation of the amount of heat 
received by the Earth from the Sun during the past 
600,000 years or so. He has always believed that 
these two lmes of evidence agree remarkably well, 
although some geologists have never accepted this 
point of view. Whatever one’s personal opinion may 
be, an important statement by Prof. Zeuner (on p. 
372) points out that a radioactive test by the potas- 
sium-argon method has recently confirmed the 
dating of the end of the Elster glacial phase m 
Germany as the same as that calculated from the 
astronomical theory. He also believes that these 
climatic fluctuations caused in sea-level, and 
this leads him to a correlation of the Pleistocene 
beaches, mainly according to their heights. It is 
unfortunate that the author seems to ignore much 
work by Lecointre and others on the correlation of 
the marine beds by faunal methods, as some of that 
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work agrees well with Zeuner’s conclusions based on 
the heights of the shore-lines. Finally; the chapter on 
the rate of evolution of some land-mammals is 
reprinted in its original form in this new work. 

The main subjects meluded in the new additional 
chapter are based mainly on Prof. Zeuner’s own 
observations, and include some features of the 
terraces of the Thames and of part of the Rhine basin ; 
of the Nile Delta and of some Pleistocene beaches of 
the Canary Islands, Norfolk and Devonshire. In 
Appendix 3 (pp. 378-379) an interesting table sums 
up the shore-line heights from a large number of 
places, but one wonders whether there is any advan- 
tage in the sequence being represented upside-down, 
with the youngest events at te ERER of the 
pages f 

It is unfortunate to have to record omissions 
from this stimulating book, but they are mentioned 
here in the hope that they can be put right in future 
editions. As an example, no mention is made of the 
investigation, mainly by pollen analysis, of inter- 
glacial plant beds in Holland and: Germany and places 
like Hoxne in England, although this work would 
have given so much mformation about. climatic 
fluctuations. Again, some methods of mvestigating 
glacial tills, especially that of stoné orientation, seem 
to be ignored, although they are 80 useful for cor- 
relation. 

But with all its defects, this book, with its unique 
bibliography, is a valuable work of reference for any- 
one who is trying to solve the puzzles of the Pleisto- 
cene Period. D. F. W. BADamN-POWELL 
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METHODOLOGY AND 
SUPERCONDUCTIVITY 


A New Method in the Theory of Superconductivity . 


By N. N. Bogoliubov, V. V. Tolmachev and D. V. 
Shirkov. Translated from the Russian.. Pp. iii+121. 
(New York: Consultants Bureau, Inc.; London: 
Chapman and Hall, Ltd., 1959.) 5.75 dollars; 50s. 
HIS monograph is addressed primarily. to 
theoretical physicists: from the start the formal- 
ism of quantized fields is employed. The presentation 
is fairly clear, and the calculations are easy to follow. 

The ‘new method’ of the title consists in the 
application of a certain transformation of the field 
variables. The Hamiltonian of the system .of inter- 
acting electrons is re-expressed in terms of a set of 
‘quasi-particles’. The transformation is applied to the 
Bloch-Frohlich model of a metal and to more com- 
plicated models, with Coulomb interactions and with 
renormalization of the phonon energy and the 
electron-phonon coupling constant. 

The calculation of energy-levels seems convincing, 
and certainly suffices to explain some of the properties 
of superconductors. The energy spectrum has a gap, 
and it has been known for some time that many of 
the properties of superconductors can be derived 
from a phenomenological energy-gap model—for 
example the specific heat or the microwave absorption 

. The electrodynamical properties are = 
matter, and their treatment is less than ad 
The authors make it fairly plausible that the ea 
resistance should vanish, but they do not discuss the 
Meissner-Ochsenfeld effect. It is just here that 
certain difficulties arise, which have been the source 
of much controversy. 
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The transformation has some strange features. 
The procedure introduces singularities, and then 
selects the parameters of the transformation to 
remove them again, to the same order of perturbation 
theory. Moreover, although the starting point of the 
theory is a model with a fixed number of electrons, 
after transformation the total number of electrons is 
no longer a good quantum number. The use of a 
chemical potential for the electrons enables caleu- 
lations to proceed, but the physical meaning of the 


slight blurring of the electron number is obscure. - 


The states of the system are identical with those 
found by Bardeen, Cooper and Schrieffer, and indeed 
the lack of.sharpness of the electron number 18 also a 
feature of their theory. The new method is, however, 
both more elegant and more widely applicable; the 
form of the theory due to Bardeen, Cooper and 
Schrieffer could not be applied directly to the Bloch- 
Frohlich model. 

The claim is made that this volume constitutes a 
complete solution to the problem of superconductivity. 
For reasons set out above, I do not accept this claim, 
but nevertheless warmly welcome the appearance 
of the volume. Bogoliubov’s quasi-particle trans- 
formation is a very valuable addition to the method- 
ology of theoretical physics, even if it is not quite an 
all-purpose tool. It is extremely useful to have 
a connected and systematic account of the method 
and its application to superconductivity. 

‘ C. Q. KUPER 


HOROLOGY IN MEDIEYAL CHINA 


Heavenly Clockwork 
The Great Astronomical Clocks of Medieval China. 
By Dr. Joseph Needham, Dr. Wang Ling and Dr. 
Derek J. de Solla Price. Pp. xv+264+421 plates. 
(Cambridge: At the University Press, 1980. Pub- 
lished m association with the Antiquarian Horological 
Society.) 65s. net. 

R. NEEDHAM'’S researches into the history of 

science and technology in China are well known 
for the breadth of their scope and the vast array of 
new material which he has brought to light, and the 
book under review throws a spothght of great bright- 
ness on one aspect of this history. With the help of 
his distinguished collaborators Dr. Needham has 
revealed the existence of a school of Chinese makers 
of astronomical clocks and armillary spheres at work 
over the period a.D. 100-1600, and in this book, 
besides describing these in great detail, has shown 
their relationship with the early water-clocks which 
preceded them and the wholly mechanical clocks of 
Europe which appear to have developed independently 
of the Chinese technology from the late thirteenth or 
early fourteenth century onwards. 

The first five chapters of the book consist of an 
elucidation and explanation of a Chinese text “New 
Design for a Mechanized Armillary Sphere and 
Celestial Globe’’ written by Su Sung in a.D. 1090, 
the appropriate sections of which are fully trans- 
lated. 


Su Sung’s ‘Clock’ was a great astronomical clock- 
tower more than 30 feet high, surmounted by a huge 
bronze power-driven armillary sphere and containing 
an automatically rotated celestial globe; while on 
the outside of the tower various automata appeared 
through doors to ring bella and gongs indicating the 
time. 
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Perhaps the most remarkable feature of the whole 
structure was, however, the water-wheel escapement 
inside the tower, which controlled the time-keeping 
and forms a ‘missing link’ between water-clocks of 
uniform flow as employed in the Egyptian, Greek and 
Roman civilizations and the all-mechanical inter- 
mittent escapements of medieval Europe. 

The water-wheel carried a succession of troughs 
mto which water flowed uniformly, and when a 
trough became full a weighbridge tipped and allowed 
the wheel to turn until it was brought to rest by a 
form of detent with the next trough beginning to fill. 
This operation was repeated every quarter of an hour. 
The book reproduces original illustrations of the tower 
and of many of 1ts details and includes carefully drawn 
modern diagrams clearly illustrating the detailed 
operation of the water escapement and the other 
important mechanical features of the clock. 

In interpreting these, the authors were set the task 
of recognizing unfamiliar Chinese technical terms 
for the various parts: this they eventually succeeded 
in doing without ambiguity, and the vocabulary they 
thus learned was invaluable to them in interpreting 
earlier Chinese texts on similar subjects. 

These earlier texts, in fact, reveal that Su Sung’s 
clock was not the pioneer, but the culmination of a 
series of astronomical clocks, and the sixth chapter 
of the book traces these backwards to their origin in 
the second century a.D. at the hands of Changdlefig 
(A.D. 78-c. 142), well known as the inventor of the 
seismograph of A.D. 132. 

Heng’s clock consisted of an 
sphere rotated by the force of flowing water, and 
after a careful examination of all the evidence the 
authors conclude that this implies drive by a water- 
wheel with scoops. The first water-clock with an 
escapement of the Su Sung type they attribute to the 
third decade of the eighth century. 

The authors now turn their attention to Chinese 
clockwork after Su Sung and find a steady progression 
without spectacular developments, the function of the 
mechanism being still to rotate an armillary sphere 
and operate automata rather than to indicate the hour. 
The next turning point 1s the arrival of the Jesuits 
in 1583, bringing contact with the European clock- 
making tradition. 

It appears, somewhat surprisingly, that the 
mechanical strikmg clocks which the Jesuits took 
with them to China created a great impression thore 
and added much to the prestige of their bearers ; 
later, during the seventeenth and eighteenth cen- 
turies, a considerable export trade in clocks from 
Europe to China developed 

The main part of “Heavenly Clockwork” concludes 
with a review of the early development of European 
mechanical clocks, the conclusion bemg that recently 
put forward by Dr. Price that the mechanical 
clock was a by-product of an elaborate mechanical 
mechanism for driving globes and orreries rather 
than an independent mvention as a pure time- 
keeper. 

The above rapid survey does scant justice to the 
immense scholarship and detailed labour which went 
into the creation of “Heavenly Clockwork” and is 
set down therein in a most orderly fashion. The book 
is both immensely learned and very readable. 

It has been published ın association with the 
Antiquarian Horological Society, before which Dr. 
Needham first set forth his discovery of the Su Sung 
text in a lecture on January 11, 1956. 

F. A. B. Warp 
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Steric Course of Microblological Reactions 
Edited by G. E. W. Wolstenholme.and Cecilia M. 
O’Connor. (Ciba Foundation Study Group, No. 2.) 
Pp. viii+115. (London: J. and A. Churchill, Ltd., 
1959.) 128.’6d. net. 


HE volumes describing the proceedings of the 

three-day and four-day conferences arranged ‘by 
the Ciba Foundation are well known, and they have 
firmly established themselves as an important guide 
to current research in the sciences allied to medicine. 
This little book represents a new venture, namely, 
publication of the proceedings of a one-day .study 
group. It contains five communications, preceded by 
an introduction by the chairman (A. Neuberger). 
The first (by F. H. Westheimer) is a historical review 
of the steric course of microbiological reactions. This 
is followed by articles on the mechanism of hydrogen 
transfer with pyridine nucleotides (K. Wallenfels), 
steric mechanisms in reactions of lactic acid (N. O. 
Kaplan), and the steric and molecular specificity of 
steroid dehydrogenases (P. Talalay and H. R. Levy). 
The final communication, on the steric course of some 
microbiological and enzymic reductions of ketones, 
18 by Prof. Y Prelog of Zurich, in whose honour this 
particular study group was organized. 

These papers describe different aspects of an 
exciting and rapidly advancing branch of enzyme 
réseagch, one which is of importance to biochemists 
and organic chemists alike. They are presented with 
great clarity, in spite of the complexity of the subject. 
They could be read and enjoyed by final-year honours 
students as well as by postgraduate workers, and for 
this reason the low price of the book is especially 
welcome. The papers are well illustrated with 
chemical structures, curves of reaction rates, diagrams 
of suggested means of attachment of enzymes to their 
coenzymes and substrates, and so on, and they are 
accompanied by a detailed account of the discussions 
which followed. According to the preface, the 
publishing of the first four of these one-day study 
group conferences is regarded as an experiment. 
Judging by this sample, the experiment must be 
considered highly successful. It 1s greatly to be hoped 
that these stimulating accounts of the work of the 
study groups will continue to appear from time to 
time, together with the volumes of the longer con- 
ferences. - D. C. HARBISON 


Milk Testing 

The Laboratory Control of Milk. By Dr. J. G. Davis. 
Second edition. Pp. xiv+309. (London: Dairy 
Industries, Ltd., 1959.) 30s. 


HIS book is intended to provide all the necessary 

information for the routine control of milk by 
those concerned with laboratory work in collecting 
depots and processing dairies. It is therefore in the 
nature of a selection of standard methods for the 
sampling and chemical and bacteriological examin- 
ation of milk for use in the dairy industry. The 
author has collected a great deal of information nto a 
small publication. The sections dealing with the 
sampling of dairy products and the organization of 
the dairy laboratory are very good, but the author 
ig at his best when dealing with the bacteriological 
tests. The section dealmg with chemical tests might 
be criticized because ıt consists to a very large extent 
of reprints of British Standards specifications, which 
are readily available from other sources. The section 
dealing with the cahbration of glassware-——a basic 
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need in any dairy laboratory—is dealt with very 
scantily and is not given sufficient attention. 

The publication would be a valuable addition to 
the library of any dairy laboratory, and provides an 
easy means of reference to some of the more- rarely 
used techniques which may be required for special 
investigations. However, the author does not deal 
fully with these methods, but all too often only 
provides references which will be difficult to obtain 
in the type of laboratory where the book. will be of 


‘greatest use. The book is well printed, on the whole 


well written, and very free of mistakes. The most 
serious error is on p. 86, where it ıs stated that the 
total nitrogen is automatically determined when the 
casein is estimated. A. L. Provan 


A Supplement to “‘Helium’’ 

By E. M. Lifshits and E L. Andromkashvili. Trans- 
lated from the Russian. Pp. v+167. (New York: 
Consultants Bureau, Inc.; London: Chapman and 
Hall, Ltd., 1959.) 7.50 dollars; 60s. 


NE gets the curious impression, on reading this 

book, that one has been here before, and then 
one realizes that although the book has only now 
appeared in English translation, it was actually 
written m 1949. In other words, it was written, 
from its notions about liquid helium, in pre-Feynman 
days, and from its style and ethos, in the days of 
Stalin 


The great virtue of Keesom’s -‘Helium”’ is that it 
contains every measurement made and every idea 
expressed on helium, good, bad, and indifferent, from 
the year one up to near the year 1942, when the book 
was published. All the ideas were:allowed' to find 
their own level with only the gentlest help from the 
author. Thus the book has an abiding value in spite | 
of its appearance before the Landau theoretical 
break-through in the mid-’forties and the Feynman 
theoretical break-through’in the mid-’fiftios. 

The “Supplement to Helium” is entirely different 
in character. It is a Russian view of the work done 
on liquid helium during the late 1930’s and-the 1940’s 
when the Russian contribution was undeniably 
outstanding, but it was written at a time when it was 
apparently politically necessary to make it appear 
that non-Russian efforts were at best confused and at 
worst wrong-headed. The present reviewer gots off 
rather lightly in having his work described as “carried 
out under very complicated conditions ... ”, but 
Tisza, whose contributions to the theory of helium-IT 
have been of very great importance, is treated very 
unfairly indeed. A decade ago one could sympathize 
with Russian colleagues who were in a difficult 
position, but it would have been an act of grace 
on the part of the authors if they had modified the 
text prior to rts present translation. As it is, the 
repeated slanging somewhat mars an otherwise 
quite useful addition to the literature on liquid 
helium. 

From the point of view of readability, appearance 
and accuracy the book is no great advertisement for 
either the Consultants Bureau or for the ‘‘multiith 
process from the International Business Machines, 
Ltd., ‘cold’ type”. The printing is uneven and there 
are many blemishes, the mathematical type-setting 1s 
poor, the references in the text to figures and equa- 
tions are sometimes wrong, and there are other proof 
errors such as Michels’s name appearing as Milelson on 
p. 100. J. F. ALLEN 
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THE VISUAL SYSTEM OF.OCTOPUS 


(1) Regularities in the Retina and Optic Lobes 
of Octopus in Relation to Form Discrimination 


By Pror. J. Z. YOUNG, F.R.S, 


Department of Anatomy, University College, London 


HE capacity of an octopus to learn to make 

distinct reactions to differing visible shapes 
depends largely upon analysis of the vertical and 
horizontal extents of the figures!. Certain regularities 
now found in the retina and optic lobes provide 
clues to the mechanism for computing in these two 
directions. 

The cells of the optic lobes show a bewildering 
variety of shapes. Often it is not possible to distin- 
guish clearly between dendrites and axons, or to 
establish histologically the probable sites of origin of 
action potentials or the direction of conduction of 
the cells. Some of the cells have orientated dendritic 
trees within which there may be complex interactions 
such ag are known in neurons of somewhat similar 
form in Crustacea?*. There are sufficient data to 
suggest that the shapes and anatomical arrangements 
of the cells are of fundamental importance in the 
coding system. Deutsch*t has proposed a hypothesis 
based on the general arrangement of the system as 
revealed by previous workers’,*. Further study now 
provides additional evidence of regularities It must 
. -be emphasized, however, that the forms of the cells 
are so complicated and difficult to investigate that 
much further work will be needed before it is certain 
which features are significant. 

The outer segments of the retinal elements, directed 
towards the centre of the eye, form squares (‘rhab- 
domes’) as seen in tangential section, separated from 
each other by pigment granules’ (Fig. 1). Further 





Fig. 1. 
Only the pigment shows, the rhabdomes be 


Photograph of tangential section of retina of Octopus. 
unstained. The 
long AXIS of the figure ıs dorso-ventral 


examination shows that the rhabdomes are orient- 
ated in the dorso-ventral and horizontal planes of the 
eye, as it is usually held with the pupu horizontal. 

Each rhabdome contains four ‘rhabdomeres’, 
composed of piles of tubules*,*, and these lie with 
their long axes approximately in the vertical plane 
in one pair and the horizontal plane in the other pair 
in each rhabdome. The rhabdomes are connected to 
inner segments, each with a nucleus and nerve fibre, 
and counts show that there are twice as many nuclei 
as there are squares in the retina. Each rhabdome 
thus contains two receptor units (retinal cells), 
probably arranged as in Fig. 2. There are altogether 
1-2 x 10’ nuclei—a density of about 50,000 per 
mm.*. There are no striking differences in density 
in the central and peripheral parts of the retina, 
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Fag. 2, Diagram of probable arrangement of the clements of the 
rena; above as seon in a tangential section, below in radial 
section. bas., basal cell (which probably sends branches between 
the rhabdomes), ef., efferent axon to the retina; ts, mner 
segment; o.t., outer segment; pl., plexus beneath retina; rà., 
rhabdomes. ‘It is calculated’ that each retinal unit (pau of 
rhabdomeres) subtends a visual angle of 1 3’ 


The processes of the retinal receptors pass through 
a plexus and then through a chiasma that inverts 
the display in the dorso-ventral plane. They end 
within the optic lobes mainly in a complicated plexi- 
form layer, the deep retma. This layer shows the 
following features in Cajal and Golgi preparations : 

(1) A marked layering ; four layers of tangential 
fibres are recognized, separated by four in which they 
are mainly radial (Fig. 3). 

(2) Each optic nerve fibre has endings at more than 
one depth in the plexiform zone. The endings are 
mainly either superficial or deep, but there are also 
intermediates. 

(3) Numerous amacrine cells send processes that 
spread to increasing distances with increasing depth 
(Figs. 3 and 5). These cells often do not show one 
distinct process that could be called an axon, though 
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Fig 8. Diagram of the structure of the outer of the optic 
lobe of Octopus. ate renna is shown above vith the mag eof a 
amall rectangle. 2 and 8, amacrine cells: vt and, 2 
bipolar cells the dendintea of which at anferont rele in th 
plexiform sone are orientated in opposite directions; mp., mult! 
polar cell with many dendrites rea to plexiform layer ; 
pl., plexiform layer; rec., cell with de tes in plexiform layar 
and a recurrent axon ‘ ret., retinal nerve fibre. æ and y cells 
efferent processes to the retina, æ has short basal heidi 
"shown schematically, A 
uco an image Cover- 
Üu an the surface of the 


corresponds to a visual angle of 40’, receiving some 80 optic 


nerve fibres 


it is possible that these are unseen with. the light 
microscope. If these cells ensure that excitation 
occurs where their processes overlap they may pro- 
duce activity in the more superficial layers for points 
near together on the retina and in deeper layers for 
those more distant, thus serving to produce & neural 
representation of length. However, without informa- 
tion as to the physiological characteristics of such 
cells, it is not possible to say exactly how they func- 
tion. An alternative possibility is that they serve to 
produce inhibition when neighbouring retinal elements 
are active, sharpening the effect of contours. 

(4) Deep to the plexiform layer are further layers 
of small cells. Some of these are amacrines. Others 
have numerous processes in the plexiform layers and 
an axon that passes outwards into an optic nerve 


Table 1, NUMBER AND LENGTHS OF FIBERS IN AN ARRA OF 22,5004" 


IN THE PLAXIFORM LAYRES OF THE OPTIO LOBE OF AN OCTOPUS 
(CaAJAL’S METHOD) 


Degrees from horizontal 


Layer of plaxus 65-180 
75-105 105-135 45-75 186-166 15-45 0-15 
Second tangential 
Number 39 8 13 6 5 13 
(u) 1,455 398 462 204 170 531 
Mean length (z) 87 49 36 84 35 50 
Third tangential 
Number 24 18 11 16 11 19 
Length (u) 825 447 378 490 445 664 
Mean length (z) 26 25 34 81 1 36 
ntaal 
Tongth (u) 760 460 sbi 367 350 sis 
Breage length (x) 29 32 23 82 29 6 
o 
89 40 38 38 29 48 


Number 
Mean length 32 32 30 32 34 $4 
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Fig. 3) and presumably provides an efferent pathway 
to the retina. Collaterals have been described at the 
base of the inner retinal segments*.*, and there are 
thus probably synaptic connexions in the plexus 
behind the retina, as in Limuluse!*. The efferent cells 
to the retina also bave basal processes, sometimes 
long (Fig. 3). 

(5) Conduction inwards from the plexiform zone is 
by cells that can be called bipolars. They have 
numerous dendrites in the plexiform zone while the * 
axon either proceeds from the base of the cell or as a 
recurrent fibre from one of the dendritic processes 
(Figs. 3 and 5). The dendrites may be in several of 
the layers or only in one layer. They extend over an - 
appreciable portion of the lobe (1 mm.) and each is 
thus influenced by a wide angle of the visual field 
(see legend to Fig. 3). They do not run equally in all 
directions. Measurements on Cajal preparations 
show the greatest number and total length of dendrite 
to be in the vertical direction (Table 1). There are 
also many horizontal ones, but fewer obliques. The 
individual fibres are longest in the horizontal direction, 
and Golgi preparations show that many of the 
dendritic fields are oval, with the long axis horizontal 
(Fig. 4). However, others have the.main axis vertical 
or oblique. It may be that where a cell has dendritic 
fields in several of the plexiform zone layers, these 
lie predominantly in different directions, as shown 
diagrammatically in Fig. 3. Since the fields can 
only be seen fully in tangential sections, it is difficult 
to obtam evidence on their orientation. That they have 
some relation to (the main axes suggests a possible 
connexion with the fact that an octopus can diserimin- 
ate between vertical and horizontal les but 
not between obliques!t. ‘Sutherland? has provided 
evidence that octopuses discriminate between visual 
figures largely by taking account of some function 
of their vertical and horizontal extents. Cella with. 
dendrites at different depths might be individually 


~ 
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Fig. 4, Drew ig of dendritic felda of some bipolar cells in the 


Sari mya as seen in tan ger sections of Golgi Ria oct 
tions. elds are oval, with long axes directed mainly 
zontally, but sometimes vertically 
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responsive to different ratios in these directions, if the 
amacrines ensure that excitation by contours of 
greater length occurs at greater depths. 

(8) However, there is the further possibility that 
cells deeper in the optic lobes are sensitive to such 
ratios. Bipoler cells with oriented fields in one 
plexiform layer only project to depths proportional 
to the sizes of their receptive fields (Figs. 5 and 6). 
Here they meet the dendrites of the cells of the 
medulla of the lobe, the fields of which have most 
elaborate forms. These are even harder to study than 
the flatter fields in the plexiform layer, especially 
as they extend through considerable depths. Some of 
them have many superficial branches and fewer at 
deeper levels, others the reverse. If the parts of the 
field at different depths he in differing directions 
these cells might be specifically sensitive to excitation 
by shapes with particular vertical and horizontal 
extents 

Thus there are undoubtedly regularities ın the 
distribution of the dendrites in the plexiform layer, 
and this may also be true throughout the lobe. 
The whole set of some 60 million cells would then 
provide a system able to learn to make appropriate 
responses to the vertical/horizontal extent of a moving 
figure. 

The effect of visual stimulation of an octopus by 
an ‘unknown’ figure is to elicit attack only occasionally 
and after long delay**. As a hypothesis it ıs sug- 
gested that if food reward occurs following showing of 
& given shape, the cells that were active become 
conditioned to produce attack. During the period 
-immediately after presentation, pathways to other 
parts of the same and the opposite optic lobes and 
through the vertical lobes would ensure that further 
cells with appropriate structure become conditioned, 
in addition to those originally stimulated. This would 
allow for spread of the representation throughout the 
tissue and thus for generalization of the response to 
retinal regions other than that stimulated. General- 





Fug, 5. Diagram to show further pathways through the opto lobe. 
af” fibres afferent to the lobe from the brala or op te lobe, 
ejf., colls with efferent 
> me, cells of the 
the lobe; mul, small multi- 
., Olfactory lobe, op t., optie 
with recurrent axons. 


am., amacrine cells; òi., ipo cell ; 
fibres to the retina; Aor. rizontal 
medulla, some with axons fea 
Polar cell : o.g@., optic gland ; 
tract; ped, peduncle lobe; rec., 

' All the cells are shown schematically 
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Fig. 6. Dia of a thick horizontal section of the optic lobe to 
show probable arrangement of denduitic flelds of gome bipolar 


celis in angis layers of the plexiform zone. Some run mainly 
The axons of the 


vertically (d.v.), others horizontally (g 2.). 

smaller cells end nearer the sarface The cells of the medulla 

have dendrites af many levels and these may run in different 

directions af different levels. Very dia tic. af., afferent 

fibres; m.e. 1 and 2, cells of the med with deep and ca pa 

ficial dendrites onentated In different directions and spreading 
to different extents 


ization for figures of different sizes might also be 
achieved in this way, but this requires further 
investigation. Conversely, a figure that was followed 
by a shéck would come to produce an avoidance 
response. Learning would thus consist of the 
accumulation of a sufficient number of suitably 
conditioned cells to produce a reliable response. 

If the learning of appropriate responses to shapes 
depends upon the presence of cells with pre-set 
orientations, then it may be expected that trammg 
with several pairs of figures would produce confusions. 
This proves to be the case. After traming in the 
relatively difficult discrimination between a square 
and a diamond octopuses discriminated between 
vertical and horizontal rectangles at a significantly 
lower level than normal'*. Other interpretations of 
this result are possible, and it cannot be claimed that 
it is proved that the mechanism operates as here 
suggested. It is interesting, however, that an 
animal that recognizes shapes largely by their vertical 
and horizontal extents shows elements in the retina 
and brain arranged in these directions. 

There is a general similarity of the plan of organiza- 
tion of the visual system of Octopus with that of 
insects and vertebrates, which prompts the search for 
orientation of neuronal fields also in these animals, 
Indeed, some projections from the mammalian retina 
to the visual cortex are oval fields each with charac- 
teristic orientation. The evidence serves to direct 
attention to the need for considering the form of the 
distribution of dendritic fields as a factor allowing 
coding by selection of particular features of an 
input. 
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The research reported in this and the next com- 
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States Air Force Office of Scientific Research. We are 
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staff of the Zoological Station at Naples for their 
help. 
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(2) Discrimination of Polarized Light by 
Octopus 


» By M. F. MOODY and J. R. PARRISS 
Department of Anatomy, University College, London 


ANY animals, when illuminated by plane 

polarized light, orient their movements with 
respect to the plane of polarization. In 4 recent 
review Kalmus! has discussed the fact that this 
orientation is not necessarily dependent upon the 
ability of the animal’s eye to analyse polarized light ; 
in many cases the orientation is merely due to 
brightness patterns in the environment, since the 
polarized light may be preferentially scattered* and 
reflected in certain directions. 

When the experimental results are primarily of 
ecological interest, the exact mechanism of discrimina- 
tion is not relevant. However, there is electron 
microscopical evidence’ 4 to suggest that the discrim- 
ination could be performed inside the photo-receptor 
cells of the eyes, and that it is connected with the 
orientation of the groups of numerous, parallel, 
tubular photo-receptor elements inside these cells. 
To provide evidence on this point it is necessary to 
show that the discrimination is intra-ocular and to 
determine whether the retina can give different 
responses to different directions of the plane of 
polarization. 

In an orientation experiment it is not easy to satisfy 
either of these criteria. First, it is difficult to ilumin- 
ate so small a portion of the animal’s environment 
that brightness patterns cannot arise. Second, 
when the animal orientates itself in a fixed direction 
with respect to the plane of polarization, one is only 
able to conclude that all other directions give different 
retinal responses from the preferred direction. 

These difficulties can partly be overcome by train- 
ing an animal to discriminate different planes of 
polarized light using a modification of the method 
originated by Boycott and Young’ in the study of 
shape discrimination. An octopus, kept in an asbestos 
tank, was shown @ small disk transmitting plane 
polarized light the electric vector of which could be 
rotated. When the electric vector was in one direction 
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Correct 
responses} 


Directions of the 


No. of electric vector TesSpoLses 


octopuses | Posttave Negative | total trials | (per cent) 


Group A 4 
Group B á 
Group C 1 
Group D 2 





Arrows indicate direction of the eleotric vectors; the obliques 
were at 45° or 135° from the horizontal. 
Using a two-cell table of for equal expected 
a“ nine non of each of these four groups is clearly s 
ey 


uencies, the 
cant beyond 


(‘positive’) attacks on the disk were rewarded by feed- 
ing; when the electric vector was in a different 
direction (‘negative’) attacks were punished by giving 
& mild electric shock. 

The light was produced by a small water-tight 
electric torch, and was passed through a circular 
sheet of ‘Polaroid’ (diameter 2:1 cm.) in the rotatable 
metal front of the torch. The torch lamp voltage was 
adjusted to give a dim orange light. The octopus 
viewed the resulting circular disk of light through 
3—4 ft. of sea-water. Four groups of animals were 
trained with different directions of the electric vector. 
There was evidence of discrimination in each group 
(see Table 1) but the animals of groups 4 + RB 
trained on $ and < did significantly better than 
the animals of groups O + D trained on 7 and "y. 
(Using a two-by-two contingency table for y? 
P = < 90-01.) l 

It is possible that these discriminations were based ` 
on extra-ocular scattering or reflexion patterns (see 
above), but the nature of the experimental situation 
leads us to believe that this is unlikely ; the variety 
of discriminations made by the octopus is difficult 
to explain on these grounds. 

It is more likely that the retina is responsible for 
the discriminations. The receptor cell layer consists 
of retinula cells and rhabdomes*, often arranged in 
rectangular array’ and lying mainly in the horizontal 
and vertical planes (see article 1). The rhabdomes 
contain sub-units, which Wolken! called rhabdomeres. 
He showed that each rhabdomere consists of close- 
packed fine tubules, almost exactly as in the insect 





ey A tial section of the receptor layer of the octopus 
cally home above. The fine 
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rhabdomeres. Fig. 1 shows the probable arrangement 
of the tubules in a rectangular rhabdome. The 
similarity of many structural features in insect 
ommatidia and in the octopus retina suggests 
that simlar mechanisms might be responsible 
for the discrimination of polarized light in both 
cases. 

It is proposed to explain the discriminations by 
postulating the existence in the retina of ‘polarizing 
receptors’, each measuring the component of the 
electric vector in & certain direction (the ‘characteristic 
direction’). Such a receptor might work either by 
birefringence combined with imternal reflexion, or 
by a dichroic arrangement of the visual pigment 
molecules’. 

As the simplest hypothesis let us suppose that all 
the polarizing receptors in the octopus retina have the 
same characteristic direction. Then unpolarized 
light would give a response more similar to one of the 
directions of the electric vector than to the direction 
perpendicular to it. This possibility was tested, after 
the discrimination had been established, by showing 
the octopuses the torch with the ‘Polaroid’ removed, 
but with equal brightness. These tests, given without 
reward or shock, were inserted between normal 
training trials at regular intervals. Considering the 
proportion of attacks to non-attacks in each group 
there was no significant difference between groups 
A and B (y? = 2-3) or between groups C and D (y? = 
0:10). This shows that unpolarized light was associ- 
ated with neither J, <>, 4 nor N. The simplest 
hypothesis is therefore disproved, and it would 
_ appear that the retina must contain polarizing 
receptors with at least two characteristic direc- 
tions. 

One possibility is that the receptors have only two 
characteristic directions. This may be connected 
with the fact that the retinula cells lie approximately 
in horizontal and vertical planes (see article 1). 
But 1f the characteristic directions were to lie exactly 
-in these horizontal and vertical planes, the correspond- 
ing receptor cells would be unable to distinguish ~ 
from *,, a8 the component of the electric vector in 
the characteristic direction would be the same in both 
cases. One way of explaining how the discrimination 
of the obliques is possible would be to assume that 
the axes of the rec array are either tilted or 
at less than 90°; then the relatively poor discrimina- 
tion of 7 and ®%, might imply that these distortions 
would be only slight. 

The other possibility is that there are receptors 
with more than two characteristic directions. The 
receptors responsible for discriminating . from s 
might be identified with those retinula cells that 
deviate from the strict horizontal—vertical array. 
However, it is always possible that there might be 
no fixed relation between the characteristic direction 
of the receptors and the orientation of the retinula 
cells. 
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(3) Theories of Shape Discrimination in 
Octopus 


By Dr. N. S. SUTHERLAND 
Institute of Experimenta! Bey elegy: University of 
Oxfor 


HIS article attempts to summarize the results and ~ 

theoretical implications of a continuing series of 
experimental studies of shape discrimimation in 
Octopus vulgaris Lamarck. The purpose of these 
experiments is: (1) To discover what are the proper- 
ties in terms of which shapes are classified by the 
octopus’s brain, and (2) thus to provide evidence to 
assist in unravelling the neural arrangement in the 
octopus brain which analyses the relevant properties. 
Since a property is usually thought of as being either 
present or absent, whereas shapes resemble one 
another for a given species to a greater or lesser degree, 
it is more accurate to talk of the dimension along 
which shapes are analysed. This word will be used in 
what follows, and its meaning will be made clear by 
examples. Discovering what are the relevant dimen- 
sions may be regarded as a first step towards uncover- 
ing the neural mechanisms at work: final verification 
of the existence of a given neural mechanism would, 
of course, depend upon corroboration from neuro- 
anatomical and neurophysiological studies of bgain 
structure and functioning in O 

Two main behavioural methods have been oe to 
provide the data: (a) Animals are trained to dis- 
criminate between different pairs of shapes, that is, 
they are trained to attack one member of a pair and 
not to attack the other. If they discriminate more 
readily between one pair of shapes than between 
another, it can be assumed that the former pair 
exhibits a larger difference on a dimension discrimin- 
ated than the latter. (b) After such training, animals 
are shown new shapes (transfer shapes), and accord- 

to whether they treat these in the same way as 
the shape they were originally trained to attack, 
or in the same way as the shape they were originally 
trained not to attack, it is possible to scale the 
transter shapes in degree of similarity to one or other 
of the original training shapes. Transfer shapes can 
then be examined, and a dimension sought such 
that the position of each shape on that dimension 
predicts the extent to which each shape is treated 
as like the origmal positive or the original negative. 
Examples of such dimensions are absolute vertical 
extent of a shape, vertical extent relative to area, 
ratio of vertical to horizontal extent, contour relative 
to area, number of re-entrants: all these dimensions 
except the last are continuous. 

Two complications need to be mentioned: (a) It 
has been discovered?! that octopuses have preferences 
for shapes moving along their long axes and for shapes 
moving in the direction of their points. Where such 
shapes are used, care is necessary in interpreting the 
data since both performance on the initial discrimina- 
tion and performance on transfer tests are affected 
by pre-existing preferences. (b) It is probable that 
the octopus can analyse shapes along more than one 
dimension: this makes the interpretation of results 
much more difficult since in general any change in a 
shape introduces changes along several different 
dimensions. 

I put forward? a simple mechanism intended 
to interpret early findings, and to serve as a 
guide for further research by providing hypotheses 
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for testing. The major purpose of the present article 
is to examine the original theory in the light of 
subsequent findings and to indicate current cruxes 
in the interpretation of the data. The initial findings 
could, of course, be explained by hypotheses other 
than that put forward by mə: in subsequent 
experiments some alternative hypotheses have been 
deliberately tested. Two such alternative hypotheses 
have now been published by other authors?.‘, and it 
will be shown that in the light of further data these 
hypotheses are not tenable. The three theories will 
first be stated, and then examined in the light of the 
evidence. It is impossible to summarize all the 
evidence here: detailed accounts will be found in 
papers already published and in further papers forth- 


coming. 
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Statement of Theorles 


(A) Vertical and Horszontal Eatents. I suggested* 
that two of the dimensions along which octopuses 
analyse shape are those of horizontal and vertical 
extents. A simple neurological mechanism was 
proposed which counts horizontal extents of a shape 
at each point on the vertical axis, and vertical 
extents at each point on the horizontal axis. This 
converts each shape into its horizontal projection and 
its vertical projection : such projections are shown m 
Fig.*1. elt 1s suggested that further analysis proceeds 
in two ways: (a) The ratios maximum horizontal 
extent to square root of area, and maximum vertical 
extent to square root of area, are computed. (b) The 
two projections obtained may be differentiated so 
that they are analysed in terms of the direction and 
size of changes®. This means that octopuses will be 
able to discriminate between shapes which yield a 
different distribution of vertical extent along the 
horizontal axis, or a different distribution of horizontal 
extent along the vertical axis. It must be emphasized 
that the theory is incomplete at this point in that no 
attempt has been made to specify exactly how such 
differences in distribution are analysed. This pomt 
will be referred to again below. It is further hypothe- 
sized that behaviour is more readily controlled by 
differences in the horizontal projections than by 
differances in the vertical projections, possibly because 
horizontal projections of shapes are more accurately 
represented in the nervous system. ‘Therefore the 
discriminability of shapes will be more determined 
by the similarity of their horizontal projections than 
the similarity of their vertical projections. In general 
the theory makes three types of prediction: (1) 
Shapes having large differences in relative horizontal 
or vertical extents will be more readily discriminable 
than shapes having small differences. (2) Shapes 
which have the same horizontal projections as one 
another and the same vertical projections will be in- 
discriminable. (8) Shapeg differing only in their hori- 
zontal projections will be more readily discriminable 
than shapes differing only in their vertical projections. 

(B) Vertical Extents between Contours. Deutsch? 
has proposed a modification of the above theory. 
He suggests that octopuses count distances between 
contours m the vertical direction at all points along 
the horizontal axis. The count is made in such a way 
that the reciprocal of the distance between contours 
is taken. All shapes are then scaleable on a single 
dimension : shapes with small distances in the vertical 
direction between contours (for example, horizontal 
rectangles) will be high on this dimension; shapes 
with large distances between contours in the vertical 
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direction (for example, vertical rectangles) will be 
low on this dimension. Where a shape contains 
contours not running in horizontal or vertical direc- 
tions, 1b will tend to be high on this dimension since 
as the contours approach one another the reciprocal 
of the distance between them will become very large, 
approaching infinity where they intersect (for 
example, this will occur at the two basal angles of an 
isosceles triangle with base horizontal). To prevent 
obtaining the number infinity from such shapes, 
it would be necessary to specify some small vertical 
distance between contours within which no count is 
made: otherwise the position on this dimension of 
shapes with contours running in directions other than 
vertical and horizontal cannot be computed. On 
general grounds this theory is rather implausible, 
since it is possible to find a horizontal or vertical 
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rectangle which is at the same point on this dimension 
as any other shape however complex: it would be 
difficult to test this prediction, but it seems most 
unlikely to be correct. (I am indebted to Mr. Sime of 
this laboratory for this point.) 

(C) Direction of Contours. Dodwell‘ proposed that 
animals might discriminate between shapes by 
analysing the direction of their contours with reference 
to horizontal or vertical. For example, a large 
response might be given in the nervous system to a 
horizontal contour and zero response to a vertical 
with intermediate responses to contours running in 
intermediate directions. Such an analysis would 
confuse contours running at, for example, 45° and 
135° to the horizontal since both are midway between 
horizontal and vertical. The theory could be supple- 
mented by assuming that such a count of contour 
direction was made separately at each pomt on the 
vertical or horizontal axis. 


Evaluation in Relatlon to Experiment 


(1) Early findings showed that vertical and hori- 
zontal rectangles are very readily discriminable by 
octopuses, whereas two oblique rectangles in opposite 
45° rotations from the horizontal are either indis- 
crimmable or discriminable only with extreme diff- 
culty*. Theories A and B explain this because vertical 
and horizontal rectangles have large differences in 
horizontal and vertical extents whereas opposite 
obliques have none; C explains it on the grounds 
that a horizontal rectangle has much horizontal 
contour whereas a vertical has little, while two 
oblique rectangles have the same arnount of oblique 
contour as one another. 

(2) The pairs, horizontal and oblique rectangle, 
and vertical and oblique are both discriminable but 
not as readily as a vertical and horizontal rectangle’. 
This is predicted by the same sort of reasoning by all 
three theories. It should be noted that Deutsch’s 
theory (B) predicts very poor discrimination between 
horizontal and oblique since at its extreme left and 
right sides an oblique has contours approaching one 
another at a angle of 45° to the horizontal, thus 
giving very small distances between contours, and 
therefore when reciprocals are taken placing it high 
on the dimension analysed: a horizontal rectangle 
is also high on this dimension. Such poor discrimina- 
tion was not found, and the difference in performance 
between animals discriminating vertical and oblique 
and horizontal and oblique is due to a pre-existing 
preference for the vertical when moved vertically. 

(3) Animals trained to discriminate between & 
horizontal and oblique treat a vertical rectangle as an 
oblique, and vice versa’. This emphasizes that we 
are dealing with dimensions rather than properties : 
on the dimension of ‘horizontality’ a vertical rectangle 
differs from a horizontal in the same direction as an 
oblique (that is, it is less ‘horizontal’) but it differs 
to a larger extent. 

(4) Animals trained to discrimmate between 
vertical and horizontal rectangles treat the broken 
vertical rectangle shown im Fig. la as a vertical 
rectangle’. This is predicted by A, since the heights 
of the horizontal and vertical projections are little 
changed. B, however, predicts that the broken 
vertical rectangle will be treated as a horizontal since 
if the reciprocals of distances between contours are 
counted in the vertical direction, it will yield a large 
“count like the original horizontal rectangle. C also 
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predicts that this shape should be treated as a 
horizontal rectangle, not a vertical. Thus this result 
supports A, but is evidence against both B and Q. 

(5) All theories predict that animals should dis- 
crimingte better between a square with base horizon- 
tal and a triangle than between a triangle and a 
diamond : this prediction was confirmed’. 

(6) Animals discriminate equally well between the 
folowing sıx pairs of shapes: a square (with base 
horizontal) versus a vertical, horizontal or oblique 
rectangle ; and a diamond versus a vertical, horizontal 
and oblique rectangle!’, This is predicted by 4, 
since for all 6 pairs of shapes the difference between 
amount of vertical extent and between amount of 
horizontal extent for opposite members of a pair is 
about the same. It is not clear what theory B 
predicts since some shapes have contours running at 
right angles to horizontal and vertical axes and some 
at 45°: as pointed out above ıt is not possible to say 
where shapes of the latter kind (that is, diamonds and 
oblique rectangles) will lie on the dimension under 
analysis, smce at their left and right corners the 
vertical distance between contours approaches con- 
tinuously to zero thus making these shapes infinite 
on this dimension. 

The experiment was performed mainly to test a 
differential prediction between A and OQ, since C 
must predict that an oblique rectangle and a diamond 
will be impossible to discriminate: Fig. 2a illustrates 
how this prediction is made. It will be seen that the 
diamond and oblique rectangle have two oblique 
contours at all points on the horizontal axis. The 
contours are identical between points W and X, 
and Y and Z; between X and Y they differ only 
in that one of the contours of the diamond is rotated 
through 180°. However, since all contours are mid- 
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way between the vertical and horizontal they should 
still be indiscriminable. Since this constitutes a 
crucial test of C, this theory will not be discussed in 
detail in what follows. 

(7) When an animal has been trained to discrimin- 
ate between a square and a vertical rectangle, it 
tends to treat a horizontal rectangle as a square (and 
& vertical as a square if initial training was between 
a horizontal rectangle and a square)!*. In terms of 
the way ın which human beings classify shapes this 
was & surprising finding, but it was predicted by 
A, since on the dimension under analysis a vertical 
rectangle differs from a horizontal in the same direc- 
tion a8 a square but to a greater degree. 

(8) A and B both predict that shapes b and c in 
Fig. 1 should be indiscriminable: a glance at the 
projections of these shapes will show that they are 
the same and therefore should be indiscriminable on 
A. Since they have the same vertical distance 
between contours at all points on the horizontal 
axis they will also be indiscriminable on B. It was 
found'* that shapes b and c were in fact barely dis- 
criminable whereas c and d were more readily dis- 
criminable. Also after training with c and d, 6 was 
treated as like c. In addition c and e were found to be 
indiscriminable, which again is predicted by A and B 
(af. the projections in Fig. 1). This experiment thus 
yieldB some support for A and B; the reason why 
some diacrimmation between b and o occurred will be 
considered below. 

(9) Deutsch rightly points out that B predicts 
perfect transfer to smaller and larger figures where 
shapes have contours ing in the vertical and 
horizontal planes : for example, if we halve the linear 
dimensions of a vertical rectangle we halve the length 
of contour running in the horizontal plane, but we 
double the reciprocal of the vertical distance between 
the two horizontal contours, and thus the smaller 
shape occupies the same position on the dimension 
analysed as the larger. However, by changing the 
size of figures with oblique interior angles, we alter 
their position on this dimension. This is illustrated 
in Fig. 2b. The cross-hatched portions of the large 
triangle are equivalent to the whole of the small 
triangle: but the reciprocals of distances between 
contours in the vertical direction in the unshaded 
central portion of the large triangle must be added, 
so that the large triangle will be higher on this 
dimension than the smaller. Thus the theory predicts 
good transfer to different-sized rectangles, but poor 
transfer to different-sized triangles. These predictions 
are not confirmed : there is diminished transfer to all 
figures including vertical and horizontal rectangles and 
squares when the area of the figures is reduced by a 
quarter*,1°, There is usually better transfer to larger 
figures, than to smaller, though even this transfer is 
sometimes less than complete. The results of transfer 
tests to different-sized thus constitute a direct 
refutation of one of the most interesting predictions 
made by B. 

The reduced transfer found to small shapes cannot 
be directly explained on any current theory: the 
most likely explanation is that as the size of the 
figure is reduced the relative importance of noise in 
the neural analysing mechanisms may increase, thus 
giving less-precise representations for such figures. 

(10) Up—down mirror image shapes are more readily 
discriminable than right-left mirror image shapes 
(for example, shapes f and g in Fig. 1 are more readily 
diserminable from one another than are shapes A 
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and $). B cannot account for any discrimination 
between mirror image shapes of this sort since they 
fall on the same point as one another on the dimension 
under analysis. In terms of A the greater ease of 
discrimination of up-down mirror image shapes than 
of right-left must mean that behaviour is more 
accurately controlled by differences in the horizontal 
projection (on which up-down mirrow images differ ; 
see Fig. 1) than by differences in the vertical projec- 
tion: this does not confirm the theory since this 
experiment was run in order to discover whether 
the horizontal or vertical projection was more impor- 
tant. However, once the theory is modified in this 
way it yields some interesting further predictions. 

(11) One such prediction is that horizontal rect- 
angles of different lengths will be more readily dis- 
eruminable than. vertical rectangles of different lengths 
(this follows because horizontal extent is more accur- 
ately analysed than vertical extent). This predid¢tion 
was strikingly confirmed™. (B predicts equal dis- 
criminabulity.) 

(12) A further prediction of the same sort can be 
made about the two pairs of shapes shown in Fig. 1, 
j, k and l, m. Since the former pair differs only in 
vertical projections while the latter pair differs only 
in horizontal projections, the former pair should be 
less readily discriminable than the latter. This 
prediction was not confirmed : both pairs were equally 
discriminable’’. A further experiment was conducted 
with two other pairs of shapes (n, o and p, q), one of 
which differed only in vertical projections, the other 
only in horizontal projections : again neither pair was 
made up of mirror-image shapes. These two pairs 
were also found to be of equal discriminability’*. Thus 
in both cases A yields a false prediction. It should 
be noted that in these tests, theory B fares even worse 
than A: not only does it predict better discrimin- 
ability for the pairs l, m and p, q than for j, k and 
n, o, it also makes the further prediction that the 
latter two pairs should be completely indiscriminable, 
whereas in fact all four pairs are readily discriminated. 
Pairs j, k and n, o should be indiscriminable on theory 
B because the two members of each pair have exactly 
the same total vertical distances between contours, as 
will be clear from inspection of these shapes in Fig. 1. 
The reason why these pairs of shapes were in fact 
readily discriminable although theory A predicts 
poor discriminability and theory B none will be 
considered below. 

In summary, theory A has yielded consistently 
correct predictions with the exception of (8) (it 
predicts no discrimination between shapes b and ce 
whereas slight discrimination was found) and (12) 
above. Theory B in no instance yields a correct 
prediction where 4 fails; in several instances it 
yields incorrect predictions where A succeeds (4, 9, 
10, 11), and in one instance it makes no prediction (6). 
Theory O yields incorrect predictions throughout with 
the exception of some of the initial findings. Some 
slight additional confirmation for A has been forth- 
coming from Young’s work on the neuroanatomy 
of the optic lobe of octopuses (article 1): there is 
some evidence that the dendritic fields of pick-up 
fibres from the input to the optic lobe are orientated 
primarily in planes corresponding. to the visual 
horizontal and vertical axes. Moreover, there appear 
to be more fields orientated in the horizontal than in 
the vertical axis: this would be expected on the 
theory if the function of these cells was to compute 
horizontal and vertical extents. 


Further Discussion 


Because of the large number of correct predictions 
which it has yielded, it seems likely that A is at least 
along the right lines: it may therefore be worth 
while appending a brief discussion of some of the 
current cruxes in the theory. 

(1) The major crux arises from the incorrect pre- 
dictions set out under (8) and (12) m the previous 
eection. The pairs of shapes involved differ from 
other pairs used in one important respect: the 
members of each pair differ from one another in the 
total amount of contour present in each shape. The 
findings could be interpreted if a second analysing 
mechanism were present in the octopus which com- 
puted the total contour of a shape relative to its area 
or to the square root of its area. Very extensive 
transfer tests have been run with some of the shapes 
involved, and the results give some confirmation to 
this hypothesis*,4, 

(2) It will be noticed that no attempt has been 
made to specify how the mechanism which differen- 
tiates changes in the projection operates : some such 
operation as this is necessary to account for findings 
on mirror image shapes and on squares and circles, 
squares and triangles, and circles and triangles’.}5, 
More experimental work is necessary before a fuller 
specification can be made. 

(3) A further crux is that although most of the 
results are best fitted by assuming that animals 
analyse shapes in terms of the ratio, vertical extent to 
square root of area, there is evidence that in some 
cases absolute extent is important as well. Thus in 
transfer tests run after animals had learned to 
discriminate between horizontal rectangles of different 
lengths and vertical rectangles of different lengths it 
was found that animals had been discriminating both 
in terms of absolute length and in terms of length 
relative to area*?, This was established by showing 
that after the initial discrimination had been learned, 
animals showed no transfer where these two proper- 
ties were pitted against one another; for example, 
if a rectangle was shown which was the same absolute 
length aa the original long one but the same ratio of 
length to square root of area as the original short ane, 
there was transfer from neither of the original 
rectangles. This can be reconciled with previous 
findings if it ia supposed that octopuses are capable 
of analysing both features of shapes (that is, absolute 
and relative horizontal and vertical extents) but that 
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behaviour is finally controlled by whichever feature 
gives the biggest difference between the shapes they 
are asked to discriminate. In previous experiments 
relative horizontal extent had given a bigger difference 
between the shapes to be discriminated than absolute 
horizontal extent (for example, the difference for a 
horizontal and vertical rectangle with sides in the 
proportion of 5:1 is in the ratio 25:1 for relative 
extent, 5:1 for absolute extent, whereas with the 
rectangles of different lengths used in the experiment 
under discussion the difference was in the ratio 
2:1 for both features). 

Further expermmental work is being directed to the 
resolution of these three issues. It will be seen that as 
a theory A has proved its usefulness as a guide for the 
collection of systematic data. Although probably 
on the right lines, the theory may have to be modified 
in the light of subsequent neuroanatomical findings. 
A further method of approach to the problem of shape 
discrimination is also being explored: systematic 
data on other species are being collected, and an 
attempt is being made to correlate species differences 
in shape discrimination with differences in neural 
arrangements. In dealing with the central nervous 
system, this is a promising and previously little-used 
method for pinpointing the behavioural function 
mediated by & given neuroanatomical arrange; 
ment. 

This article was written as part of a project on 
“Stimulus Analysmg Mechanisms’’: the project is 
financed jointly by the Nuffield Foundation and by 
the American Office of Naval Research (Contract 
N62558-2453). I am greatly indebted to Prof. J. Z. 
Young for extensive discussion of the problems con- 
sidered in this article. 
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NEW LABORATORIES AT THE UNIVERSITY OF LIVERPOOL 


Chadwick Laboratory 


‘EE Chadwick Laboratory, named after Sir 

James Chadwick, Lyon Jones professor of 
physics in the University of Liverpool during 1935— 
48, was opened to visitors for the first time on 
April 29 and 30. This Laboratory replaces the 
George Holt Physics Laboratory, which was opened 
in 1904 (ref. 1). It has an area of 87,923 sq. ft. 
and capacity of 1,318,000 cu. ft., and wags designed 
for the teaching of experimental and theoretical 
physics to undergraduate students, for research in 
nuclear physics and acoustics, and for postgraduate 


teaching and research in theoretical physics. The 
site conditions were such that the most economical 
plan was to provide piling through to the rook, 
beneath a bed of pre-glacial peat, for the erection of 
a framed tower structure at the south end, shown in 
Fig. 1, with light foundation over the rest of the area 
for a single-storey structure comprising teaching and 
regearch Jaboratories, and three lecture theatres, one 
of which can be seen on the extreme right of Fig. 1. 
The lecture theatres are cantilevered outward from 
a central service area, a large one on one side, 
balanced by a medium and a small one on the other, 
accommodating about 300, 150 and 100 students, 


June 11, 1960 


No. 4728 


- ™ = 
ete » 
E h : 
T P 
á 0 e ean 


| rove at 
bn Wim em sss san 


pam 


Fig. 1. The Chadwick Laboratory seen from Chatham Street. Liverpool. 


the cantilevered lecture theatres 


respectively. Artificial illumination and ventilation 
are used in all three theatres, which have acoustic 
ceilings and timber-lined walls. 

The students’ entrance hall, between the theatres 
and the teaching laboratories, is glass-walled and is 
approached on each side from the street-level by 
ramps. The most striking feature of the hall is the 
mural decoration designed by Geoffrey Clarke. 

The six large teaching laboratories, separated by 
four smaller ones, are constructed in load-bearing 
brickwork. The ceilings are supported on 40-ft. steel 
lattice beams placed at 10-ft. intervals. The largo 
laboratories will each accommodate on average about 
sixty students, and each of the smaller Ones about 
twenty-five. 

Similar in style to the group of large teaching 
laboratories opening off the main corridor is the 
departmental library. It will accommodate seventy 
readers and about 5,000 books. 

A duct beneath the main corridor connecting the 
lecture theatre block to the tower carries all the 
services for the building. 

Between the south end of the main corridor and 
the tower lies the research area, the east side of 
which is shown in Fig. 1. The research laboratories 
are mainly of reinforced concrete with columns and 
deep upstand beams at 20-ft. centres. The outer 
walls are in grey-brown brickwork with purple brick 
plinths. Eight rooms, each of approximately 400 
sq. ft., are used as preparation rooms for nuclear 
research, which is carried out in the Nuclear Physics 
Research Laboratory in Mount Pleasant, some 400 
yards away. In the preparation rooms, research 
groups construct, test and develop apparatus to be 
used with the 156-in. synchrocyclotron, which has 
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already been described*, the 37-in. 


cyclotron, the Cockcroft—Walton 
high-tension set and the 10-in. 
diameter liquid-hydrogen bubble 


chamber, as well as the design and 
development of a 60-in. bubble 
chamber for use in the Ruther- 
ford Laboratory at Harwell and 
in the CERN Laboratory atb 
Geneva. 

Beta-ray spectroscopy is carried 
out in a specially designed room of 
approximately 800 sq. ft. in area, 
with a small adjoining room for 
motor generators. One half of the 
floor, which is of black quarry tile, 
is reinforced to take a 7-ton mag- 
net. The other half is free from 
iron so that accurate magnetic 
field-strength measurements „may 
be made. 

The Sub-Department of Acous- 
tics oceupies the rest of the re- 
search block, which includes, be- 
sides a general laboratory of area 
1,600 sq. ft., a large anechoic room, 
a reverberation room, a suite of 
three transmission rooms and two 
common control rooms. Facilities 
are available for work on the 
propagation of acoustic waves in 
materials, on aerodynamic sources 
of sound, on electro-acoustic de- 
vices and on communication acous- 
tics. including room and building 
acoustics. 

A modern workshop and a well-equipped glass- 
blowing room serve the requirements of most of the 
teaching and research carried out in the Laboratory. 
The glass-blowing room has floor heating and a 
means of obtaining diffuse daylight when required. 
The transfer of heavy equipment in and out of the 
building is facilitated by the use of three sliding 
doors opening from the spectrometer room, the work- 
shop and the acoustic block at street-level. That 
serving the latter may be seen with its loading 
gantry in Fig. 1. 

The 110-ft. tower is a reinforced concrete structure 
with beamless slabs for each floor supported on 
twelve columns at 20-ft. centres. The wall cladding 
is in the form of 5-ft. square pre-cast panels faced in 
glass mosaic. The eight storeys of this block are 
accessible by means of two lifts and stairs. The 
first five stories are devoted to experimental physics 
and house two large laboratories for the teaching of 
practical physics to honours students, a reading and 
writing room, a staff common room, research rooms, 
administrative and staff offices. 

The Department of Theoretical Physics occupies 
the sixth, seventh and eighth floors of this block. 
The Department concerns itself principally with post- 
graduate teaching and research; the only research 
facilities required are books and journals, and these 
are provided by an up-to-date library on the sixth 
floor. Discussions and seminars are held in the 
discussion room on the seventh floor. 

Projecting above the roof-level of the tower are a 
small observatory and a penthouse containing services. 
On the observatory is housed a 4}-in. refractor astro- 
nomical telescope with an equatorial mounting. The 
dome is moulded in fibre glass and weighs only 3 cwt. 


On the far right 
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The part of the site outside the tower has not been 
completed, owing to the construction of a separate 
building to house a 12-million volt tandem Van de 
Graaff machine. When completed there will be a 
paved courtyard with an ornamental pool in which 
there will be erected a sculpture of abstract com- 
position by Hubert Dalwood. This sculpture has 
already been executed and is now placed on a tem- 
porary pedestal at the south end of the Laboratory. 

The planning of the Chadwick Laboratory was 
directed by the late Prof. H. W. B. Skinner and Mr. 
A. M. Hudson Davies, the chairman of the Building 
Committee. 


' Vature, 71, 63 (1904-5). 
? Moore, M. J., Nature, 175, 1012 (1955). 


Civil Engineering and Building Science 
g Laboratories 


A PROJECT for the provision of adequate labor- 
atories for the Department of Civil Engineering in 
the University of Liverpool was frustrated by the 
outbreak of the Second World War, and during the 
post-war period the Department had to be accom- 
modated in an old building, originally built for quite 
a different purpose, until such time as new laboratories 
could be provided. It is therefore pleasing to note 
that this has now been achieved and that the 
inauguration of a new building housing the Depart- 


ments of Civil Engineering and Building Science was 


marked during April 29-30 by a series of functions 
in the University, which was also associated with the 
opening of the Chadwick Laboratory for the Depart- 
ment of Physics. 

The building for civil engineering was designed by 
Mr. E. Maxwell Fry, and erected by Holland and 
Hannen and Cubitts (North West), Ltd. It has a 
total area of 50,275 sq. ft., of which only about 





Fig. 1. 
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15 per cent is given over to circulation space. Con- 
struction commenced on June 1, 1958, and the 
building was occupied on October 1, 1959; the total 
cost was £253,144. 

The main part of the building is an eight-storey 
block, roughly T-shaped (Fig. 1). This is flanked 
by a single-storey building containing the Struc- 
tures Laboratory. From the outside, the most 
striking feature of the building is a panel some 60 ft. 
in height which carries in huge concrete letters a 
selection of names well known to engineering his- 
torians, ranging in time from Archimedes to Parsons, 
and in achievement from Leonardo to Bessemer. 
The entrance hall gives a pleasing impression of space, 
resulting partly from a large observation window 
looking into the Structures Laboratory. The entrance 
hall has now been further enlivened by a mural in 
ceramic tiles by Mr. Peter Lanyon. 

The largest laboratory in the building, measuring 
about 100 ft. x 40 ft., is devoted to structural testing. 
The laboratory is being equipped with a variety of 
frames for tests on struts, beams, slabs and other 
elements. A system of steel beams is to be laid on the 
floor to provide a foundation for test rigs. Facilities 
for pulsating load tests will eventually be a special 
feature of the laboratory ; a wide variety of equip- 
ment for static and dynamic strain measurement is 
already available. The Concrete Laboratory is 
adjacent to the Structures Laboratory and is equipped 
with plant for mixing, placing, vibrating and firing 
concrete and for tests on this material. Aggregate is 
stored in a series of bunkers filled from outside the 
building, and there is provision for screening and 
drying material used for test purposes. 

The Hydraulics Laboratory, also on the ground- 
floor, has a long section which accommodates a 
tilting channel 48 ft. in length and a more square 
area for other hydraulic model work. At present 
a model of Milford Haven is being constructed for the 
study of a tidal barrage project, intended to provide 
freshwater storage for the future 
needs of that port. A workshop is 
situated between the Hydraulics 
and Structures Laboratories and 
provides facilities for the con- 
struction and maintenance of ap- 
paratus and the preparation of test 
specimens of all kinds. 

Other laboratories are located on 
various floors in the main part of the 
building and include laboratories 
for photoelasticity, soil mechanics, 
road engineering, model analysis 
and municipal engineering. In 
addition to these rooms there are 
lecture rooms, drawing offices and 
other accommodation in the build- 
ing sufficient for an eventual ex- 
pansion to final-year classes of 
sixty students in civil engineering 
and for a complement of about 
twelve research students. 

The Department of Building 
Science, which shares the new build- 
ing, was established in 1957 to pro- 
mote the scientific study of problems 
arising in the design, construction 
and use of buildings. Laboratories 
for the study of building materials 
and physics of environment are 
located on the fifth floor. These 
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laboratories are well equipped for teaching and re- 
search work m their respective spheres. There is also 
on this floor a general research laboratory, a study 
room for research students, a small workshop and & 
number of staff offices. Although the Lighting Lab- 
oratory belonging to the Department is located m 
another building, there is a photometric room on the 
ground floor of this new building which is used for 
the calibration of photo-cella and other equipment 
used ın lighting studies. 

An exposure site for studying the weathering of 
building materials in a polluted industrial atmosphere 
is being established on the roof, together with 
instruments for the measurement of meteorological 
parameters—such as wind, rainfall and radiation— 
and of atmospheric pollutants. These measurements 
are, of course, essential for the proper evaluation of 
the results of weathering tests, and it is intended to 
obtain continuous records by using suitable recording 
apparatus. 
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The Concrete Laboratory, previously referred to, 
is operated jointly by the Departments of Building 
Science and Civil Engineering, and facilities are avail- 
able for the study of building structures in the mein 
Structures Laboratory. Funds have been provided 
for the construction of a low-speed wind tunnel for 
studying the wind-flow around buildings in relation 
to structural, heating and ventilation problems. A 
controlled-environment room is also to be installed 
for the study of temperature, radiation and air move- 
ment patterns in rooms heated or cooled in various 
Ways. ; 
This new Civil Engineering Building represents the 
first phase in the building programme for the Faculty 
of Engmeering of the University of Liverpool. New 
buildings are also projected for other departments in 
the Faculty during the next few years; their con- 
struction will permit the University to make its 
contribution towards meeting the national need for 
a greatly increased number of graduates in engineering. 


OBITUARIES 


Dr, Agnes Arber, F.R.S. 


DreAGnres ARBER, one of the world’s most erudite 
and distinguished plant morphologists, died in Cam- 
bridge on March 22. Her contributions to botany 
were not only original observations of the structure 
and development of the higher plants, with general- 
izations based on these observations and contributions 
to the philosophy of biology, but also studies of 
outstanding interest in the history of the science. 

She was born in 1879, the eldest child of H. R. 
Robertgon, an artist, from whom she inherited the 
ability shown in the many illustrations drawn for her 
books and papers. She was educated at the North 
London Collegiate School, at University ° College, 
London, and at Newnham College, Cambridge. In 
London her work was much influenced by F. W. 
Oliver and A. G. Tansley ; at Cambridge she came 
under the spell of William Bateson. Leaving Newn- 
ham, she worked as research assistant to Miss Ethel 
Sargent m her private laboratory at Reigate, and 
later became Quain Student in Biology at University 
College (1903-8) and lecturer in botany during 
1908-9. 

In 1909 she married Dr. E. A. Newell Arber, 
demonstrator in palæobotany in the University of 
Cambridge, author of many papers and books on 
fossil plants. From him she obtained both encour- 
agement and training in botanical research. They 
had one daughter ; her husband died in 1918. During 
1910-27 she carried on her studies in the old Balfour 
Laboratory, which then belonged to Newnham 
College, and afterwards continued in a small room, 
fitted up as a laboratory, in her private house. 

Working very assiduously, her observations covered 
a wide field ; but the monocotyledonous plants were 
her special mterest. Tne resulta of her studies were 
published in more than fifty papers and some books 
of outstanding merit. “Water Plants, a Study of 
Aquatic Angiosperms’ (1920), ‘“Monocotyledons”’ 


(1925), “The Gramineae”’ (1934), all published by the . 


Cambridge University Press, are models of their kind 
both for the many beautiful line drawings with which 
they are illustrated, and for thew admirable biblio- 


graphies. Plant morphology, from its mception by 
Goethe, has been intimately bound up with philosophy 
and metaphysics ; but in the present century it has 
become mainly a study of plant phylogeny. From 
1929, Mra. Arber became increasingly interested in + 
philosophy, and in the more general ideas which have 
arisen from the study of plant form since the time 
of Aristotle. From her studies of the literature and 
her wide knowledge of the facts, she produced one 
of the most important botanical books of the present 
century, “The Natural Philosophy of Plant Form” 
(1950). In this work she gave an account of the 
history of the ideas about plant form which have 
occupied men’s thoughts since classical times, she 
explained how the modern confusion of thought had 
arisen between the older typological outlook on plant 
form and the modern evolutionary mode of thought. 
So long as the study of form and structure remains 
as part of the education of a botanist, this book 
should remain as an indispensable introduction to 
such a study. 

Her last books were devoted mainly to philosophy, 
“The Mind and the Eye” (1954) examines the 
relationship between the eye that sees and the mind 
that weighs and pronounces. It is a book which was 
badly needed, especially by biologists who had no 
philosophical training, and it probably reveals the 
stages in the author’s own mental development. 
“The Manifold and the One” (1957) was a purely 
philosophical essay, reflecting the depth and maturity 
of her mind and the outcome of quiet contemplation. 

By many, Dr. Arber will be remembered for her 
first book, ‘Herbals, their Origin and Evolution” 
(1912; second edition 1938), a charming and fas- 
cinating book, abundantly illustrated, about the early 
history of study of plants and the men who worked 
at it. 

When still young she became well known for the 
excellence of her work, and was elected a Fellow of 
the Linnean Society of London in 1908, two years 
after the time when women were first admitted to 
that Society. She held at different times a Research 
Fellowship at Newnham College, a Fellowship.and a 
Studentship at University College, London, and a 
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Levérhulme Research Fellowship. In 1946 she was 
elected to the Royal Society, and in 1948 received 
the Linnean Gold Medal from the Linnean Society. 
Abroad the recognition of her work was shown by 
her appointment as Corresponding Member of the 
Botanical Society of America. 

H. Hamspaw THOMAS 


Dr. Donald J. Hughes 


Ir was with sadness and consternation that his 
many friends learned that Don Hughes had died on 
April 12 through heart failure at the age of forty-five 
years. 

Hughes’s research activity began with cosmic-ray 
studies in the University of Chicago under Prof. 
A. H. Compton, followed by an expedition to the 
Andes, where the change of the slow-meson com- 
poxent with altitude was studied. When war broke 
out, Hughes joined first the National Ordnance 
Laboratory and later the Metallurgical Project, 
assisting m the provision of data relevant to the 
atomic bomb. 

After the War, Hughes joined the Argonne National 
Laboratory as director of the Nuclear Physics 
Division, and in 1949 accepted a position as senior 
physicist at the Brookhaven National Laboratory, 
which he held until his death. At these Government 
Laboratories he carried out the research in low-energy 
neutron physics which made him internationally 
famous. Hughes’s activities ım this field fell into 
three sections: neutron optics, neutron interaction 
with crystal lattices and lquids, and nuclear 
physics. 

The work with neutron beams from the local 
reactors yielded three important results. A study of 
the total reflexion of a neutron beam by a magnetized 
cobalt mirror gave two critical angles demonstrating 
the spm 4 of the neutron. Measurements of the 
angular dependence of intensity agreed with the ides 
thet ‘Ampére currents’ are responsible for the 
effective magnetic field of ferromagnets and not 
dipole-dipole interactions. Next, a compensation 
method applied to reflexion measurements by various 
liquid hydrocarbons allowed Hughes to obtain the 
coherent cross-section of the proton with great 
precision. This quantity in conjunction with other 
data is needed to support our belief that the nuclear 
interaction of the proton-proton and neutron—proton 
are the same. A slight modification of the same 
method yielded the basic neutron—clectron inter- 
action with better accuracy than obtained pre- 
viously. 

In the solid state field, Hughes was able, by a 
time-of-flight method, to obtain from scattering 
experiments with ‘cold’ neutrons the energy transfer 
from the lattice to the neutrons. This information 
permitted a determination in the case of vanadium 
with the help of formule due to Van Hove, of 
the frequency spectrum of the lattice. His last 
paper concerned the energy interchange of neu- 
trons with water, showing the existence of dis- 
crete levels due to hindered rotation of the water 
molecule in the field of its neighbours, an inter- 
pretation which was supported by Raman spectrum 
observations. Both examples mentioned open up 
wide new fields of studies of the condensed 
state. 

Hughes’s activities in nuclear physics wero mani- 
fold. Crogs-sections were measured with a chopper 
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or orystal spectrometer, methods invented for the 
rapid evaluation of resonance parameters, neutron- 
strength functions and nuclear radu determined and 
the results compared with the predictions made by 
theoreticians. Some of the work, such as with fismle 
nuclei, was required for reactor calculations, some 
was due to scientific questions which had to be 
settled. 

In all his experiments, Hughes showed a gift for 
obtaining, with comparatively simple means, novel 
and reliable results. He had the insight to know what 
was important and to absorb and exploit theories in 
spite of their present complexities and the abstract 
nature of the quantum mechanical formalism. 

Besides experimental work, Hughes initiated the 
collection, evaluation and presentation of a large 
body of low-energy neutron data, known as the 
weighty report BNL-325, which has contributed a 
great deal of strmulation to nuclear programmes and 
is indispensable to all. His clear thmking, ease 
of expression, and his very great didactic skill in 
lucidly presenting a complex problem made his 
papers, and particularly his books, of the greatest 
value to the expert and the young physicist. I am 
certain their influence in university teaching, though 
indirect, was considerable. These same personal 
properties made him one of the best lecturers among 
the nuclear physicists, and many ‘keynote’ addresses 
were demanded of him at scientific conferences. “In 
view of his popularity as a speaker he acted 
as lecturer to the U.S. Information Service in 
many countries in Europe. During 1953-54 he was 
Fulbright professor at the Clarendon Laboratory, 
Oxford. 

It is unfortunate that death has taken from us 
this boyish-looking scientist at the very peak of hia 
activity. We shall all miss his optimism and excel- 
lence in reporting physics at our meetings and his 
stimulating intensity on our visits to Brookhaven. 

E. BEETSCHER 


VoL, 186 
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Dr. C, J. Still 


CHARLES JAMES STILL, who died on April 6, was 
a well-known and well-liked figure in teaching, 
scientific and industrial circles in Northern Iroland. 
After being one of the first members of the staff of 
the Chemistry Department of the Municipal Technical 
Institute, Belfast (now the College of Technology), 
he played a considerable part in the development of 
the Department, and when he retired from his 
lectureship ın 1944 he left behind a large and 
flourishing group, closely associated with the relevant 
industries. 

Educated in Belfast, Still was first apprenticed to 
a pharmacist in Bath; he returned to Belfast, how- 
ever, in 1902, to be first laboratory assistant, demon- 
strator and then lecturer in chemistry (1913). During 
this time he had taken a London B.Sc. with honours. 
Between 1917 and 1920 he worked ag a research 
chemist with the British Dyestuffs Corporation, 
Manchester, and was then appointed lecturer in 
bleaching and dyeing in the Applied Chemistry 
Department of Belfast College of Technology. In 
research work, in conjunction with the late Prof. H. 
Wren, he gained a Ph.D. for studies in stereo- 
chemistry and, while his interests were mainly in 
the fleld of textile chemistry, he also became a 
member of the Pharmaceutical Society of Northern 
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Ireland (1927). He was a consultant to many textile 
firms and external examiner for various bodies in 
textile and pharmaceutical chemistry. 

As the work at the College became more specialized 
and as the Queen’s University of Belfast developed, 
it became a natural consequence for certain College 
departments to constitute a Faculty of Apphed 
Science and: Technology of the University. Indeed, 
to the present day, the Applied Chemistry section of 
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the Faculty is also the Chemistry Department of the 
College. As one of the founder members of the 
Faculty, Dr. Still played a part in guiding its early 
development. In this, as in all other fields of hus 
activities, Dr. Stil was well liked for his quiet wisdom, 
and his associates and former students still remark 
on his gentlemanly bearing and consideration for 
others. He is survived by his second wife, a son and 
ea daughter. D. Hamer 


NEWS and VIEWS 


Chemical Engineering at Birmingham : 
Prof. F. H. Garner, O.B.E. 


Pror. F. H. GARNER, who is retiring from the chair 
of chemical engineering in the University of Birming- 
ham at the end of the present session, has had a 
distinguished industrial and academic career. After 
graduating et Birmingham he was awarded an 
1851 Exhibition Research Scholarship at the Mellon 
Institute of Research, Pittsburgh, where he became 
a research Fellow. On returning to Great Britain 
in 1981 he became chief chemist at the Agwi Petrol- 
eum Refinery at Fawley and later director of 
research of the Esso European Laboratories. He 
was appointed to the chair of chemical engineering 
at Birmingham in 1942 (Nature, 150, 545; 1942). 
Under his leadership the Department of Chemical 
Engineering has earned a high reputation as a centre 
of traming for chemical engineers. During the past 
seventeen years the number of undergraduates has 
mereased from 22 to 350, the teaching laboratories 
have been extended and the facilities for research 
greatly improved. There are now about sixty post- 
graduate students engaged in original investigations, 
mainiy on problems of a fundamental character. 
Prof. Garner’s contributions to chemical engineering 
theory and practice are varied and important. 
Initially his interests were mainly directed towards 
problems connected with the petroleum industry, and 
included some of the earliest systematic studiea on 
‘knock’ rating, and on the unit operations of distilla- 
tion and solvent extraction in petroleum refining. 
Lately his work has been concerned with mass 
transfer processes operative in two-phase systems ; 
in particular he has carried out a detailed analysis 
of the effects of hydrodynamic conditions on internal 
circulation and vortex formation in moving drops. 
Prof. Garner has taken a great interest in the methods 
of training of applied scientists for industry and has 
consistently advocated the value of advanced 
courses of a specialized character in enabling students 
to make use of the latest scientific and technological 
innovations. He was awarded the Redwood Medal 
of the Institute of Petroleum in 1951 and the Melchett 
Medal of the Institute of Fuel in the same year. 


Prof. J. T. Davies 


Dr. J. T. Davs, who will succeed Prof. Garner at 
Birmingham, is best known as a distinguished surface 
chemist. Although born in Swansea, he took his 
B.Sc. and M.8c. in chemistry at Canterbury College, 
New Zealand. In 1946 he left for England and worked 
with Sir Eric Rideal at the Royal Institution, taking 


his Ph.D. in 1949. During 1948-49 he was Bristol- 
Meyers Fellow and a research associate at Stanford 
University, California, where be worked with Prof. 
J. W. McBain. During 1949-52 he was Beit Memorial 
Fellow for medical research (for physico-chemical 
investigations of surface effects of biological interest) 
at the Royal Institution and at King’s College, 
London, with five months at the Institut Pasteur in 
Paris. He was a lecturer in chemistry at King’s 
College during 1952-55, and since then has been a 
lecturer in the Department of Chemical Engineering, 
Cambridge. Dr. Davies’s scientific interests have been 
mainly in the field of surface monolayers, in which he 
ig acknowledged as an authority. Since going to 
Cambridge he has begun to consider the applications 
of surface chemistry to chemical engineering problems, 
where its importance is becoming increasingly evident. 
His appointment to the Department at Birmingham 
will ensure the continuation of a vigorous research 
tradition, and will bring to the teaching of chemical 
engineering there e first-class mind with a rigorous 
scientific outlook. 


The Kanematsu Memorial Institute of Pathology, 
Sydney Hospital 


Tae Kanematsu Memorial Institute was founded in 
1933 by the shareholders of the firm of F. Kanematsu 
(Australia), Ltd., and was built as a memorial to 
Fusajiro Kanematsu and his wife. It replaced the 
old Pathology Department of Sydney Hospital, and a 
Research Department was established; Dr. W. K. 
Inglis was the first director. In 19386, Dr. Inglis 
resigned to accept the chair of pathology in the 
University of Sydney and was succeeded as director 
by Dr. J. C. (now Sir John) Eccles. Between 1937 
and 1944 Dr. Eccles developed a Neurophysiology 
Research Department in which much fundamental 
work was undertaken. Dr. F. C. Courtice (now 
professor of experimental pathology in the Australian 
National University) succeeded Dr. Ecoles, who had 
resigned to become professor of physiology in the 
University of Otago, New Zealand. Dr. Courtice 
formed a unit for the investigation of lymph-flow, 
lipid metabolism, and the passage of lipids through 
membranes. 


Dr. H. M. Whyte 


THE Kanematsu Institute has now been divided 
into the Department of Medical Research and the 
Department of Clinical Pathology. Dr. H. M. Whyte 
has been appointed director of the Department of 
Medical Research and will investigate both funda- 
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mental and clinical problems of vascular and renal 
diseases. Dr. Whyte is a graduate in science and 
medicine of the University of Queensland. He was 
awarded a Rhodes Scholarship in 1947 and later a 
grant from the Nuffield Foundation. He obtained a 
D.Phil. at Oxford in 1951 while an assistant to the 
Nuffield Professor of Clinical Medicine at the Radcliffe 
. He is a member of the Royal College of 
Physicians and of the Royal Australasian College of 
Physicians, and was formerly director of the Clinical 
Research Department of the Kanematsu Institute. 


Dr. A. A. Palmer 


Tam Department of Clinical Pathology provides 
the laboratory services in morbid anatomy, bio- 
chemistry, hematology and bacteriology for Sydney 
Hospital. It will be directed by Dr. A. A. Palmer, 
who has been acting director of the Institute since 
the resignation of Dr. Courtice in 1958. Dr. Palmer 
gratluated in. medicine from the University of Sydney 
in 1941, and after war service trained as a pathologist 
at the Royal Prince Alfred Hospital, Sydney Hospital, 
and University College Hospital Medical School, 
London. He was appointed senior pathologist to the 
Institute in 1949. The staff of the Department of 
Clinical Pathology will be encouraged to undertake 
surveys and investigations m addition to routine 
duties. 


Science and Mathematics Teaching 


WHEN Colonel Alexander Strange suggested in 
The Times of February 8, 1874 (see Nature, February 
12, vol. 9, p. 277), that a Ministry for Science be 
established, he was expressing concern, echoed 
by many of his contemporaries, that the teaching 
of science in Britam was neither as adequate nor 
extensive as it should be in the schools of his day. 
Now, eighty-six years later, the first Minster for 
Science, Lord Hailsham, has given a puble address 
at a seminar on “Policy for School Science”, organized 
by the Office for European Economic Co-operation ; 
nor, in view of the delay in establishing this post ig 
it surprising that he should be saying the same thing. 
A lot of heavy water has flowed through a lot of 
reactors even since the Office for European Economic 
Co-operation was set up, yet the attempts made to 
satisfy the voracious hunger of the community for 
scientists gcem similarly inadequate. Now Lord 
Hailsham is anxious to strike “an ideal balance 
betweon, specialization and general education”. To 
English ears at least, some hope of the balance being 
struck depends on the provision of science teachers 
of calibre. Lord Hailsham agreos that this is the 
“heart of tho matter’. “It is almost certain’, he 
continues, “that any serious attempt to clothe with 
reality the picture of an ideal range of scientific 
education, suitably balanced and fortified by an 
adequate background of mathematics, would reveal 
in every country a serious shortage of science 
teachers without whom the project, ın its ideal form, 
can be nevor botter than & pipe dream”. All sections 
of industry, the universities and schools will wish 
him well in the future as he grapples with this 
shortage. 


Atomic Physics in Norway 

Tue first report (in Danish and English) covermg 
the nine months period, October 1, 1957—June 30, 
1958, of the activities of the Nordisk Institut for 
Teoretisk Atomfysik in Copenhagen has recently 
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been issued (Årsberetning 1957/58 (Annual Report). 
Pp. 29. Kebenhavn: Nordisk Institut for Teoretisk 
Atomfysik, 1959). The Institute forms part of the 
Nordisk Organisation for Teoretisk Atomfysik and is 
intended in particular to be a gathermg place for 
Nordic physicists, where they may carry out research 
during long or short visits, and where they may meet 
and collaborate with colleagues from other countries 
interested ın theoretical atomic physics. Provision 1s 
also made for the advanced traming of young 
physicists from the Nordie countries who are ad- 
mitted on fellowships to work at the Institute. Of 
the five participatmg countries (Denmark, Finland, 
Iceland, Norway and Sweden), Denmark has promised 
to make available premises for the Institute and to 
defray the expenses connected with their mam- 
tenance. Durimg the period under review, the tem- 
porary board of the Institute met three times and 
elected Prof. Niels Bohr as chairman and Prof. T. 
Gustafson as vice-chairman. The board dealt with 
the appointment of staff and the selection of research 
Fellows, and discussed and approved a draft con- 
vention. Prof. C. Møller acted as director of the 
Institute during the interim period, and on June 30, 
1958, the staff consisted of four scientific and two 
admunustrative staff. There were ten research Fellows. 
A detailed lst of the lectures and colloquia given by 
members of the Institute and by invited scientists, 
together with the titles of papers published, °com- 
plete the report. 


The Ciba Foundation 


Tux report for 1959 of the Ciba Foundation for the 
Promotion of International Co-operation in Medical 
and Chemical Research, to which are appended 
details of the colloquia and symposia held during the 
year, records ag the principal event the tenth Anniver- 
sary Symposium on “Significant Trends in Medical 
Rosearch” (Pp. 52. London: The Ciba Foundation, 
1960). Ip also contains particulars of the four study 
groups, on the nervous mechanisms of pain and itch, 
the steric course of microbiological reactions, diag- 
nosis of early cancer of the cervix and virus virulence 
and pathogenicity, and of the research forum on the 
shortening of life-span of mammals following irradia- 
tion, as well ag lists of publications and of poriodicals 
taken by the Foundation’s library. Three of the 
Foundation’s conferences were held abroad—in 
Naples, in Parig and in Buenos Aires—and three new 
overseas members joined the Foundation’s Scientific 
Advisory Panel: Prof. T. P. Feng, Prof. L. F. 
Lelorr and Dr. M. Roche. The five-year period of 
special encouragement of research into the funda- 
mental aspects of agemg ended during the year. 
Two demonstrations were arranged of a new Swiss 
large-screen colour television system called ‘Eidophor’ 
(see Nature, June 4, page 773). Four Anglo-French 
bursaries were awarded by the British Selection 
Committee and five by the French Selection Com- 
mittee. The eleventh annual lecture was given on 
June 26 by Prof. Pasteur Valléry-Radot on “The 
Role of Intuition in Medical Research”. 


The American Philosophical Society 


THe Yearbook for 1959 of the American Philosophi- 
cal Society, of which more than half is occupied by 
reports from recipients of grants, moludes the reports 
of standing committees (with a list of publications) 
as well as the hst of members and reports on 
finance (Pp. 779. Philadelphia: American Philo- 
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sophical Society, 1960). From the Penrose Fund, 
176,000 dollars was assigned for research and the 
188 grants made are hsted together with the 60 grants 
made with 62,000 dollars from the Johnson Fund, 
and the 6 fellowships for research in clinical medicine 
for which 27,000 dollars was appropriated from the 
Daland Fund. A brief history of the Society adds 
to the reference value of the Yearbook. 


No. 4728 


Solid State Electronics 


THE discovery of transistor action was followed by 
an explosive growth in the world output of pub- 
lications devoted to the physics, the fabrication 
technology, and the applications of the transistor 
and of related semiconductor devices. Thero have 
been parallel though less-spectacular developments 
in the applications of other solid-state phenomena 
such as ferrimagnetism, ferroelectricity and electro- 
luminescence, but theoretical and practical progress 
in the latter fields has undoubtedly been hampered 
by the difficulties of adequately controlling tho 
materials involved. A new channel for the publication 
. of papers on the applied physics and technologies in 
all these and related fields has been created by the 
appearance in March 1960 of the first number of the 
new bi-monthly international journal, Soltd State 

ics (Pergamon Press, London, New York, 
Oxford, Paris). The chief editor is Dr. W. C. Dunlap 
(United States), who is assisted by Dr. L. Pincherle 
(United Kingdom), Prof. H. Welker (Germany) and 


Dr. G. M. Hatoyama (Japan). All the ten papers in- 


the first issue deal with semiconductors, the trest- 
ment in most of them bemg such as will appeal to 
the device designer and device fabrication specialist, 
as well as, in some cages, to the user. As stated in 
the foreword, the new journal is imtended to be 
complementary in treatment and scope to “Physics 
and Chemistry of Solids”, which deals with the more 
fundamental and theoretical aspects of the flelds 
covered. i 


Statistics of Petroleum Consumption and Refinery 
Production in Britain: [958-59 


OnE hears repeatedly of the plight of British col- 
lieries with the limitation of coal consumption, a 
remarkable situation in the light of the picture that 
was presented of the coal situation ten years ago. The 
explanation is forthcoming in s recent informative 
publication by the Petroleum Information Bureau, 
which reveals the consumption statistics covering all 
petroleum products, whether imported or from 
indigenous sources, a8 well as substitutes such as 
benzole and hydrogenated spirit (Petroleum Informa- 
tion Bureau. U.K. Petroleum Industry Statistics 
relating to Consumption and Refinery Production 
1958 and 1958. Pp. 10. London: Petroleum 
Information Bureau, 1960). The data for the years 
1958 and 1959 enable tho nature of the increasing use 
of these products to be recognized. In 1959 the ou 
consumption in Great Britain rose by 17-5 per cent 
as compared with the previous year, to reach a total 
of 363 million tons. Among the major products, fuel- 
oil consumption (including that for public electricity 
generation) again showed the greatest increase, being 
almost & third greater than that for the previous year 
and reaching 13,811,874 tons. There was also an 
increase in the use of motor spirit, which exceeded 
the figures for 1958 by 7 5 per cent. Delivenes of 
propane and butane increased by 40-5 per cent, and 
bitumen used for road-building reached a record 
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annual consumption of nearly a million tons. The 
remarkable growth in demand for oil in Great Britain 
during the past twenty years is evident from the 
following mulestones: 1938, 8,090,686 tons; 1948, 
12,766,025 tons; 1953, 19,000,000 tons; 1959, 
36,500,000 tons (all products). The development 
must undoubtedly continue and provide a really 
serious challenge to the more active technological 
development of the use of coal. ` 


Electronic Computers in Population Genetics 


Two recent papers add to our understanding of 
the frequency and distribution of self-compatible 
homostyled primroses. When homostyly appears in 
a population it might be expected to increase to a 
high frequency at the expense of pins and thrums 
because of the advantage conferred by self-com- 
patibility. Counts made between 1941 and 1954 by 
Sir Ronald Fisher of the actual frequencies of the 
three types in populations near Sparkford, Somefset, 
have been analysed by W. F. Bodmer (PAd. Trane. 
Roy. Soc., B, 242, 517; 1960). Populations with 
only moderate homostyle frequencies showed no 
significant increase during this time, and others with 
an initially high frequency showed a decrease. 
Bodmer demonstrates by mathematical models that 
these situations can be explained by the high degree 
of cross-fertihzation now known to occur between 
homostyles, coupled with a possible reduction m 
viability of the homostyles. Populations thus appear 


to be protected against the retrograde ə from 
an outbreeding to an inbreeding regime. J. L. Crosby + 
(Phil. Trans. Roy. Soc., B, 242, 551; 1960) has 


studied the irregular distribution of homostyle fre- 
quencies among neighbouring populations. The 
expected pattern with a centre of high frequoncy 
corresponding to the point of origin of homostyly, 
and decreasing frequencies with increasing distance, 
does not agree with field observations. The irregu- 
larities are attributed to random fluctuation (the 
Sewall Wright effect), and artificial models which 
take this into account produce distributions similar 
to those observed. Both authors have used electronic 
computers to predict the evolutionary changes likely 
to occur in & population under given conditions. The 
ability to simulate a large number of generations in 
& short time is of great value, and there is little doubt 
that computers will become of increasing importance 
in population genetics. 


Structural Loading in Factories 


Four years ago the Building Research Station of 
the Department of Scientific and Industrial Research 
started a series of investigations into the special needs 
of factory building. This work was undertaken in 
conjunction with the Midland Regional Board for 
Industry. Already three reports dealing with separate 
aspects of this problem have been published, and the 
latest report, “Structural Loading in Factories”, 18 
published for the Department of Sciontific and Indus- 
trial Research by H.M. Stationery Office, price ls. 9d. 
The floors and roofs of modern factories are expected 
to accommodate an ever-greater variety of equip- 
ment. Much of the production plant, service equip- 
ment, transport and goods may be carried by the 
floor, but a great deal of it is now suspended from 
above. The resulting loading conditions are not 
fully covered by existing codes of practice, but failure 
to make reasonable allowance for them will restrict 
the adaptability of a building to permit improvement 
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of method or change of product. The information in 
the report supplements the codes by giving more 
details of various kinds of load for which provision 
may have to be made, with some indication of 
typical ranges of sizes, weight and performance of 
the equipment concerned. The equipment con- 
sidered includes that for heating and ventilation, 
lighting unite and power distribution, piping, handling 
plant, machinery and tools. The information will 
agaist factory managements in assessing their needs 
as well as designers. The loads to be carried can 
affect the selection of a site and influence the design 
of a factory. Where very heavy loadings sre neces- 
sary, they may be a deciding factor in the choice 
between single- and multi-storey construction. 


New Instruments for Electronic Engineers 


Tam latest edition of the Pye Scientific Instrument 
Catalogue “N” describes several important new 
developments and supersedes previous editions. The 
new developments include a stabilized d.c. power- 
supply unit with output voltages within ihe range 
0-500 Y. (250 m.amp. max. load); a d.c. amplifier 
(contact modulator); ‘Scalamp’ double-reflexion 
galvanometers; new ranges of measuring micro- 
scopes and cathetometers ; an argon chromatograph 
with new accessories; and industrial flow-type 
essombhes and density measuring equipment. The 
illustrated catalogue is divided into nine sections 
and covers thirty-two pages. Individual descriptive 
leaflets of most of the instruments are available on 
request. The catalogue is obtainable from W. G. 
Pye, Ltd., Cambridge ; prices are not quoted. 


Ageing and Research 


AN account of its investigations into the problems 
of agemg has been published by the U.S. Department 
of Health, Education and Welfare (‘Research Pro- 
grammes in Ageing’. Superintendent of Documents. 
U.S. Government Printing Office, Washington, D.O. 
15 cents). The growing interest in gerontology is 
reflected in the announcement that, m addition to 
the continuing research programme carried out by 
Government scientists, grants by the Government to 
medical schools and other private institutions for 
research in ageing have increased 62 per cent in 
expenditure over 1959. The investigations conducted 
or supported by Government departments covered 
many aspects of ageing in three broad areas: (1) the 
biological process of ageing ; (2) the chrome diseases 
commonly associated with the eged; and (3) addi- 
tional health problems of the aged, such as the 
mental health difficulties growmg out of changing 
cultural demands. 


Food-borne Infections 


CENTRALIZATION of food production and distribu- 
tion and consumption on a mass scale involve an 
increased risk of spreading food-borne disease. It is 
essential that measures for the control and prevention 
of such diseases should be strengthened, not merely 
in each individual country but also at the inter- 
national level, since foods are being exported and 
imported on an ever-mounting scale, and tourist 
travel is continually increasing. If such measures are 
to be effective, they must be based in the first place 
on proper notification of cases of food-borne disease 
in each country, and on the collation at international 
level of the reports published by the public health 
administrations. In addition, thorough epidemio- 
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logical surveys are required. In a report issued by 
the World Health Organization of a European Tech- 
nical Conference on Food-Borne Infections and 
Intoxications, the various contro] measures designed 
to promote the production of pure and safe food 
are reviewed (Technical Report Series, No. 184. 
Geneva, 16-21 February, 1969—Report. Pp. 18. 
Geneva : World Health Organization ; London: H.M. 
Stationery Office, 1959. 1 Swiss franc; Is. 9d.; 
0.30 dollars). The conference also drew up a series 
of recommendations on what the physician should 
do when faced with a case of food-borne disease, on 
what action should be taken by public health services 
and laboratories, and on national and international 
measures for the control and prevention of such 
diseases. 
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Strontium-90 Content of British Diet 


ONE of the main objects of the investigations being 
carried out by the Agricultural Research Council on 
the radioactive contamination of human food and 
agricultural land is to provide information on the 
trend of the level of strontium-90 in the British diet. 
Some of the foods involved in the survey are produced 
only at @ single time in the year, and consequently 
the assessment of changes in the average dietary 
intake is most satisfactorily made on an annual basis. 
However, the contribution from dairy produce rgpre 
sents some 65 per cent of the total dietary intake of 
strontium-90, and it is useful to have interim reports 
on activity-levels in mulk, particularly during periods 
when the rate of fall-out hag shown some increase. 
Report No. 2 from the Council’s Radiobiological 
Laboratory (“‘Strontium-90 in Milk and Agricultural 
Materials in the United Kingdom 1958-1959”. : 
91, 17 tables, 15 figures. H.M.S.O., London, 1960. 5s.) 
gives an account of the changes which occurred in 
the strontium-90 levels in milk samples, representa- 
tive of a substantial fraction of United Kingdom 
milk production, during the period January—June 
1959. The report indicates a general rise in levels by 
about 50 per cent during this period, but notes that 
“such information as is available for samples collected 
after June 1959 shows that the values have since 
decreased’’. The report also includes the results of 
surveys on strontium-90 in permanent pastures and 
animal bones, together with summaries of the results 
of experimental studies which assist in the inter- 
pretation of the dietary trend. 


Russian Machine Translation Dictionary 


Tue difference between the Russian machine 
translation dictionary and an ordinary dictionary is 
discussed ın an article by H. S. H. Massey in Research 
(13, No. 4; April 1960). The prmciples on which 
a dictionary for machine translation are based appear 
to be a combination of the syntactical and semantic 
analysis approach of the Massachusetts Institute of 
Technology and the polysemia approach of the Rand 
Development Corporation. The Russian machine 
translation dictionary differs from an ordmary one 
in several ways. First, it is divided into separate 
units corresponding to the languages to bo treated. 
Each word in the source-language dictionary is 
given the number of its equivalent in the target- 
language dictionary; for translation in the other 
direction. the words in the target-language-dictionary 
are allotted indices showing the numbers of their 
equivalents in the source-language dictionary. 
Secondly, the dictionary of each language is divided 
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into & section of monosemantic words and a section 
-of polysemantic words, the monosemantic word 
section being further subdivided into groups of terms 
belonging to particular spheres of science and & group 
of widely used monosemantic words. The third 
peculiarity of the dictionary is that rt contains not 
only a lst of lexical units (words) but also a definite 
sot of grammatical characteristics for each word, which 
is not fully formalized in ordinary dictionaries. 
This kind of dictionary also provides a system of 
relative word values, relating the lexical system of the 
targot-language to that of the source-language. This 
18 closely related to the fact that the dictionary 
provides ‘zero values’ for words, that is to say, those 
cages when a word should not be translated as a 
separate lexical unit. 


No. 4728 


Mineralogy in the U.S.S.R. 


In an article published m the Bull. All-Unton 
Miner. Soc. (88, 609; 1959), V. F. Alyavdin, after 
giving a review of the present-day reference books on 
crystallography and mineralogy, such as those of 
Dana, Hintze, Doelter, Goldschmidt and Groth, as 
well as all the important periodical publications, 
suggests the necessity of publishing a special series of 
reference books, but in this case, dealing only with 
minerals and crystals found in the USSR. This, 
proposed, series is as follows: (1) Mineralogy of the 
CS.AR. (in 12-15 volumes); (2) Atlas of crystals of 
minerals in the U.S.S.R. (in 3-4 volumes}; (3) 
Chemical composition of minerals of the U.S.S.R. 
(in 2-3 volumes); (4) Optical mineralogy with 
determinative tables according to the immersion 
method and according to Fedorov’s method; (5) 
Crystal-goniometric determinative tables, representing 
the continuation of the Boldyrev’s tables for minerals 
of lower syngonies. At the end of his article V. F. 
Alyavdm provides a list of Russian publications 
dealing with regional mineralogy, since the publica- 
tion of N. Y. Koksharov’s “Materials for the 
mineralogy of Russia (1853-1891). This list includes 
numerous publications on the mmerals of the Kola 
Peninsula, Crimea, Urals, Altai and other regions. 


Blo-electric Potentials of Plants 


IN earlier papers, D. S. Fensom (Canad. J. Bot., 
35, 573; 1957; 36, 367; 1958) discussed the possible 
relationships between the bio-electric entials in 
plants and translocation systems, and demonstrated 
that correlations exist between transport patterns 
and biopotential patterns. While the evidence did not 
prove conclusively that transport is due to internally 
generated electricity, it suggested that the two are 
closely linked, and that both are related to meta- 
bolism. Other investigators have advanced somewhat 
similar views. In a further paper, Fensom (Canad. 
J. Bot., 37, 1003; 1959) has considered the phen- 
omenon of the production of continuous potentials 
across membranes in plant tissues by the circulation 
of the hydrogen ion. Of the three types of membranes 
which occur generally in plant cells, lipoid, protein 
and cellulose, ıt would seem that a protein-coated 
grid of cellulose can be envisaged as surrounding the 
cells. Such a membrane would appear to have the 
right pore size and properties to allow almost un- 
fettered hydrogen ion diffusion but yet permit 
intercell biopotentials to be built up. It is pointed 
out that the most important ion involved in diffusion 
and in subsequent ion exchange would seem to be 
the hydrogen (es hydronium) ion, and that tissue 
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can conveniently be divided into general areas of 
hydrogen ion production or hydrogen ion absorption. 
The resulting circulation of this ion is explored and 
discussed in relation to photosynthesis, respiration, 
protoplasmic streaming, and transport. These ideas 
are shown to give reasonable explanations for the 
resulta obtained in experiments and to resolve certain 
difficulties related to biopotential studies. They are 
considered to be useful since they predict some 
important results which can be experimentally 
tested, some of which are here given. 


Grlseofulvin 


In his presidential address to the British Myco- 
logical Society (Trans. Brit. Mycol. Soc., 43, 1; 
1960), Dr. P. W. Brian presented a history of the 
research into griseofulvin. One is led behind the 
scenes and given an example of how initial interest 
and careful choice of materials can play an important 
part m subsequent developments. The reference, list 
shows that workers in a variety of fields have found 
it a profitable subject for research. Academic aspects 
that have attracted attention are its chemistry, 
leadmg to synthesis of homologues, its mode of 
action, reflecting upon the normal constitution and 
development of fungal cell walls, and its translocation 
In angiosperms, bearmg upon the relationship between 
molecular structure and ease of transport. The 
applied aspects recorded centre on its use as & 
systemic fungicide in the treatment of fungus 
diseases of plants and animals. Its importance in the 
growth of the concept of systemic fungicides is well 
known, and its use in animals, particularly against 
diseases like ringworm of cattle which are resistant 
to topically applied fungicides, promises to revolu- 
tionize treatment of animal mycoses. 


Priapulus caudatus Lamarck 


THe discovery of P. caudatus, which was found 
for the first time in the Flatford area on March 1, 
1958, ıs announced (Trans. Suffolk Nat. Soc., 11, 
Part 2; 1959). A single specimen was taken from 
soft mud just below mean sea-level on the shore of 
the Stour estuary at Stutton Ness. Afterwards, it 
was proved to be widespread on both Suffolk and 
Essex shores of the estuary and occurs intertidally 
in small numbers wherever there is a suitable sub- 
strate of soft mud. No individuals have been taken 
from the region of lowered salinities above Brantham. 
In addition to the animals from the Stour, P. caudatus 
has been found in the mud of the large lagoon at 
Shingle Street in Suffolk and from a similar habitat 
by the Wade at Hamford Water, Essex. The ‘Vio- 
toria History of Suffolk” (1911) notes that this 
animal is common in the mud of the Deben at 
Waldringfleld. Priapulus is an unusual unsegmented 
worm. The genus appears to have only slight affinities 
with other groups of invertebrates and is usually 
placed in a phylum of its own—phylum Priapulida. 


CIBA Foundation 


Tue seventy-fifth anniversary issue of the Journal 
of the CIBA Foundation, the publication of the 
chemical firm in Basle, gives an account of the 
development of the concern, and also brief historical 
sketches of the branches of science which are con- 
cerned in its processes. The Journal ig richly illus- 
trated, largely in colour, and although some of the 
text is in the style of popular journalism, it is on 
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tho whole instructive and attractive. The part taken 
by Basle in the development of science, learning and 
industry is explamed, but the field covered is generally 
wider, the development of science and industry from 
early times in many lands being dealt with. The 
style is in general non-technical. The main interest 
of the publication is the wealth of illustrative 
meterial, 


National Research Council of Canada Scholarships 


THs National Research Council of Canada has 
granted 486 scholarships for 1960-61, with a total 
value of 1,040,000 dollars; of these 423 are for 
graduate work at Canadian universities. These 
include 140 bursaries worth 1,800 dollars each, and 283 
studentships worth 2,200 dollars each. Awards for 
study in other countries include 34 special scholarships 
"worth 2,200 dollars each. 27 of these are to be held 
in the United Kingdom, and 7 in the United States. 
29 .postdoctorate overseas fellowships, valued at 
3,500 dollars for married and 2,700 dollars for single 
Fellows, have been granted for work in the following 
countries : 21 ın the United Kingdon ; 2in Australia ; 
2 in France and 2 in Germany; 1 in Belgrum and 
1 in the Netherlands. 


Manchester Literary and Philosophical Soclety 


Tas Manchester Literary and Philosophical Society 
announces the election of officers and committee as 
follows: president, Prof. H. Lipson; vice-presidents, 
Miss A. C. Alexander, Sir Geoffrey Jefferson, Mr. 
F. G. Glossop, Prof. R. D. Waller; honorary secre- 
tartes, Dr. G. T. Ashley, Dr. L. Cohen; honorary 
treasurer, Mr. H. Hayhurst; honorary librarians, 
Mr. L. L. Ardem, Dr. W. H. Brindley; honorary 
curator, Dr. J. A. Petch; councd, Mr. L. Cohen, 
Mr. A. H. Coulty, Mr. S. M. Milner, Mr. N. G. C. 
Pearson, Miss M. Pilkington, Mr. M. P. Pariser, 
Mr. B. Rodgers, Mr. F. C. Toy, Mr. C. E. Young. 


The Institution of Metallurgists 


Mr. W. E. Barpaetrt, research manager of the 
United Steel Companies, Ltd., was elected president 
of the Institution of Metallurgists in succession to 
Prof. A. J. Murphy. The following appointments to 
officers and council are also announced: prestdent- 
elect, Dr. N. P. Allen (National Physical Laboratory) ; 
vice-presidents, E. A. Bolton (1.0.1., Metals Division), 
and E. G. West (Aluminium Development Associa- 
tion); honorary treasurer, L. W. Derry (Battersea 
College of Technology); members of counotl, I. 
Jenkins (General Electric Co., Ltd., Wembley, 
Middlesex), Dr. A. H. Sully (British Steel Castings 
Research Association, Sheffield), Prof. C. R. Tottle 
(University of Manchester) and E. Mitchell (Lucas 
Group Research Centre, Birmingham). 


The Institute of Mining and Metallurgy : Awards 


THe following awards of the Institute of Mining 
and Metallurgy are announced: Gold Medals, to Mr. 
E. D. McDermott, in recognition of his services to 
the mining industry and profession, and of his services 
to the Institution as ite representative on the Govern- 
ing Body of the Imperial College of Science and 
Technology for fifteen years; and to Mr. J. Krutt- 
schnitt, in recognition of his services to the mining 
industry in Australia; Honorary Membership, to the 
Right Hon. Lord Robins, in recognition of his services 
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to the mineral mdustry, particularly in southern 
Africa ; to Sir Patrick Linstead, m recognition of his 
services to the profession of mining and metallurgical 
engineering in the field of education ; and to George 
Augustus Whitworth, in recognition of his services 
to the mining industry and profession on the occasion 
of his retirement from the principalship of the 
Camborne School of Metalliferous Mining. 
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Announcements 


De. Gepatp B. Cook has been appointed chief 
chemist of the International Atomic Energy Agency. 
Dr. Cook, a graduate of the University of Brmingham, 
has worked at the Cavendish Laboratory, the 
Canadian atomic energy project in Montreal and at 
Chalk River, and at the Atomic Energy Research 
Establishment at Harwell, first in the Chemistry 
Division and from 1954 ag head of the Chemistry 
Group of tho Isotope Research Division. 


Tse Challenger Society is prepared to make small 
grants for research in marine biology or oceanography 
at & recognized laboratory during the year June 
1960/61. Apphcations, accompanied by details of 
the proposed research, should reach the Hon. Secre- 
tary, Challenger Society, National Institute of Oceano- 
graphy, Wormley, Godalming, Surrey, not later than 

ane 30. 


* 

“THE Register of Current Scientific Research at 
South African Universities, 1959” is based on replies 
to questionnaires, and the 587 entries are printed as 
received, English translations bemg provided for 
Afrikaan entries (edited by D. Ryle Masson. ; 
viit+113. Pretoria: South African Council for 
Scientific and Industrial Research, 1960). The 
material is arranged under nine main headings, with 
sub-divisions, and in the sub-divisions under the 
university alphabetically. The Register is well 
printed and most entries are provided with a brief 
description of the scope of the research. There are 
author and subject indexes. 


A BOOKLET published by the Biochemical Society, 
copies of which are obtainable from Mr. R. E. 
Sherriff, 133-5 Oxford Street, London, W.1, explains 
for the benefit of school-leavers what biochemistry is 
about, how one can train to become a biochemist and 
the opportunities and prospects that exist for a 
biochemist (Careers in Biochemistry. Pp. 8. London: 
Biochemical Society, 1960. 8d.). Some of the in- 
formation has already appeared in the publications, 
“Biology as a Career” and ‘Looking to Chemistry 
for a Career”, of the Institute of Biology and the 
Royal Institute of Chemistry, respectively, and to 
these publications prospective biochemists are referred 
for fuller information. 


“CIVILIAN Application Releases through 1959”, 
issued by the Technical Information Division, Sandia 
Corporation, gives @ cumulative bibliography of tech- 
nical reports, memoranda and manuscripts, moluding 
& section on engineering materials (drawings and 
specifications) released from the Atomic Energy 
Corporation’s Engineering Materials Branch at Oak 
Ridge (pp. 88. Washington, D.C.: Office of Tech- 
nical Services, Department of Commerce, 1960. 
2.25 dollars). Prices for printed, or photostat, or 
microfilm copies are listed for many of the entries. 
There are some 900 entries arranged numerically. 
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THE INTERNATIONAL ATOMIC ENERGY AGENCY 


ASSISTANCE PROGRAMME 


T was decided at a recent session of the Board of 
Governors to the International Atomic Energy 
Agency to supply twenty scientists and legal experts, 
who would assisi and advise in various projects 
being developed, to ten countries. This decision was 
taken when the Board of Governors was allocating 
60 per cent of the Agency’s own technical assistance 
fund for the current year. The countries to receive 
such support are Afghanistan, Austria, Brazil, Iran, 
Iraq, Korea, Philippines, Turkey, Venezuela and 
Yugoslavia. Of these countries, Austria, Iraq, Philip- 
pines and Yugoslavia will receive equipment to a 
total value of 47,200 dollars in connexion with the 
work to be undertaken. The allocation was made on 
the basis of requests for assistance under the 1960 
programme received by the end of January, the 
remainder of the funds being left for requests recerved 
by the end of May. In addition, the Agency imple- 
ments an assistance programme under the United 
Nations Expanded Programme of Technical Assistance. 


Afghanistan 


Progress in the nuclear development field in 
Afghanistan has been retarded by a lack of trained 
personnel and training facilities. Since experience in 
these fields is very limited in Afghanistan, the 
Government has requested the International Atomic 
Energy Agency to provide the services of a nuclear 
physicist to assist in drawing up a programme; he 
will also train staff and lecture at the Faculty of 
Science in the University of Kabul, and assist m 
establishing a nuclear physics laboratory within the 
University. 


Austria 


One biochemist will work at the Austrian Cancer 
Research Institute in Vienna to advise on the use of 
radioisotopes in cancer research and on the estab- 
lishment of a radioisotope laboratory. He will train 
Austrian scientists in the techniques of determining 
the distribution of labelled tumour cells in experi- 
mental animals. The Agency will also provide some 
nuclear equipment for this project. 


Brazil 


One expert in prospecting for nuclear raw materials 
will visit Brazil to assist the Government’s pros- 
pecting programme. He will also assist in organizing 
field training of geologists and prospectors. The 
Brazilian authorities plan to co-ordinate the country’s 
activities in the field of radioactive minerals and 
prospecting. The Agency will provide the services of 
a nuclear geologist to assist in this project, and 
particularly in planning and organizing a large-scale 
geological programme. 

In connexion with creating a division of nuclear 
metallurgy at the Institute of Atomic Energy in Sitio 
Paolo, a nuclear metallurgy expert will be sent to 
Brazil. He will advise on the organization and working 
plans of metallurgical laboratories, on the tramuing of 


specialists and on the co-ordination of work with other 
institutions in Brazil. 

Another expert will work at the Institute of 
Atomic Energy at Sa0 Paolo and assist in training 
chemists in radiochemistry and isotope separation 
as applied to the production of radioisotopes. He 
will also be concerned with the organization and 
preparation of the research programme of the radio- 
chemical laboratories, and assist in the activities of 
the Research Institute at Belo Horizonte and other 
research organizations in Brazil. 

The Government of Brazil plans to work out legal 
rules on third-party liability and insurance for 
nuclear hazards in connexion with its nuclear power 
programme, and particularly the Mambucaba nuclear 
power project. A legal expert will be sent to Brazil 
to advise the authority for the Mambucaba project 
on these questions. 


Iran 


The National Iranian Atomic Energy Commission 
and the Ministry of Industry are conducting a 
thorough exploration of Iran’s radioactive mineral 
resources and a survey of the possibilities of mining 
and producing uranium in the future. Two experts 
from the International Agency will be attached to 
this project. One of them will work at the Prospecting 
Section of the Geological Department of the Ministry 
of Industry and Mmes and advise on organization 
and methods of radiometric surveys and give further 
training to the staff. The second expert will work at 
the Mining Section of the same Department and will 
assist in. Installing uranium ore processing equipment 
and instruct laboratory staff in methods of testing 
and processing uranium ores as well as in geochemical 
methods of prospecting for uranium. 


Iraq 


Two experts, one in the agricultural and one in 
medical applications of radioisotopes, will visit Iraq, 
and some equipment will be supplied. 

One expert will work on investigations into soil 
reclamation, fertility surveys and crop improvement ; 
he will also supervise the establishment of an agri- 
cultural radioisotope laboratory and direct the 
research work in the laboratory on soil—plant—water 
relationships. 

The expert in the medical application of radio- 
isotopes will work at the Radioisotope Department 
of the Republic Hospital in Baghdad and train new 
Iraqi steff in the medical uses of radioisotopes, in 
particular in their diagnostic and therapeutic appli- 
cations. 


Korea 


The Korean authorities have established an 
Atomic Energy Research Institute near Seoul, where 
& swimming-pool reactor, Triga Mark IT, will be put 
into operation during 1960. In connexion with the 
reactor project, the Government of Korea will be 
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assisted by an Agency health physicist, who will 
advise on all health physics matters relating to the 
project. 


Philippines 


A. radiochemist will be sent to the Philippines to 
advise the Atomic Energy Commission on the organ- 
ization of radioisotope courses and on the radio- 
chemical facilities of the reactor to be built at the 
projected nuclear research centre near the University 
of the Philippines. 

The International Atomic Energy Agency will also 
provide some equipment, including counters, ioniza- 
tion chambers, rate-meters and other instruments. 


Turkey 


An expert in atomic energy planning will go to 
Turkey at the request of the Government to advise 
it on working out a detailed long-range atomic energy 
programme, on the establishment and operation of 
the necessary facilities and laboratories to implement 
this programme and on the setting up of new tramimg 
and research centres. 

A research and traming reactor ıs under con- 
struction near Istanbul. To elaborate a detailed and 
effective research and utilization programme for the 
reactor the Turkish Atomic Emergy Committee has 
established a committee of scientists and requested 
the International Atomic Energy Agency to provide 
the services of an expert on reactor utilization to 
asaist in the activities of the Committee. In addition, 
the expert will advise on setting up and utilizing a 
sub-critical assembly in the Faculty of Science at 
the University of Ankara. 
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Venezuela 


A legal expert will be sent to Venezuela to advise 
the Government on legislative and administrative 
problems relating to its atomic energy programmes, 
and assist in planning and drafting the required 
legislation as well as in training Venezuelan staff on 
legal matters. 


Yugoslavia 


An expert in the agricultural applications of 
isotopes will work at the Yugoslav Institute for the 
Application of Nuclear Energy in Agriculture, 
Veterinary Sciences and Forestry in Belgrade. He 
will assist m equipping the Institute and in the 
organization and development of a laboratory. To 
assist the expert in his work and to help in setting up 
the laboratory the Agency will provide counting and 
dosimetry equipment. 

An expert in the medical uses of atomic energy 
will be sent to Yugoslavia to initiate clinical research 
work at the medical radioisotope laboratories in 
Belgrade, Ljubljana and Zagreb. He will also lecture 
on the appheations of isotopes at a course organized 
by the Federal Nuclear Hmergy- Commission and 
advise the Commission on future activities related to 
the medical applications of radioisotopes. 

One biochemist wil be attached to the Institute 
for Biology at Zagreb to help its staff. to fight 
fasciolosis, & cattle disease which is estimated b¥ the 
Government to cost Yugoslavia 8,000 million dinars 
annually. He will assist m equipping the radio- 
isotope laboratory of the Institute and train the 
local staff in the applications of tracers to research. 
Some nuclear laboratory equipment will also be 
provided. 


THE RESEARCH ASSOCIATION OF BRITISH FLOUR MILLERS 
NEW LABORATORIES 


ONSIDERABLE extensions to the laboratories 
of the Cereals Research Station, provided by 
the Millers Mutual Association, and which include 
new analytical and research laboratories, animal 
unit, workshop, committee, lecture and common 
rooms and canteen, were opened by Lord Rank on 
May 4. In his speech, he said that there was no need 
now to remind any industrialist that to be successful 
he must have the best scientific advice and stimulus 
at his elbow. While individusl milling companies 
head their own scientific units, the industry looked to 
the Research Association for leads on major scientific 
developments; the Research Association was, in 
fact, the scientific headquarters of the i 
industry. After stregsing the importance of nutritional 
research, he went on to say that in Great Britain we 
had the best and probably the cheapest bread in the 
world, and in this achievement the Research Associs- 
sion, had played a big part. He could say this with 
authority, because he was prosident of the Association 
during 1930-52. 

At the luncheon that followed, the president, Mr. 
L. Hector Read, proposed the health of the guests. 
Before doing so, he thanked Lord Rank and his 
colleagues for providing the additions to the labor- 
atories and he also expressed the indebtedness of the 
Research Association for the great help and encour- 
agement received from the Department of Scientific 


and Industrial Research during the thirty-seven 
years since the Association was founded. In wel- 
coming the principal guest, Lord Cohen of Birkenhead, 
he spoke of him as a leader in his profession, as one 
who hag always been keenly interested in scientific 
and medical research, and as the outstanding medical 
statesman of the age. In replying, Lord Cohen 
pointed out that biology, of which medicine is simply 
an aspect, had advanced mainly by the appheation 
of physics and chemistry to the elucidation of complex 
biological phenomena. For this reason it was to him 
of immense significance to gee such application bemg 
made by the Research Association to the problems 
of cereals. He noted, too, investigations involving 
engineering, bacteriology, mycology, entomology, 
zoology and genetics. With regard to the latter, 
“Bread and Breed’? was indeed a most appropriate 
title. The esthetics of bread, ıts palatability and 
appearance, and other fields of the arts also entered 
into the work of the Association, and he wondered 
whether here in these laboratories would be 
found the appropriate marriage of the two cultures, 
science and art, of which Sir Charles Snow spoke 
recently. 

The laboratories were afterwards opened for 
inspection, and e number of demonstrations were 
given illustrating the current research programme. 
These mcluded the structure and chemistry of the 
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wheat grain, with the distribution of the B vita- 
ming and vitamin KH, varietal differences ın wheat 
and how they affect milling and baking properties, 
the chemistry of the wheat proteins, nutritional 
studies on wheat and flour ag shown by experiments 
on the rat, experiments on dental caries, the chemistry 
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Research Station, St. Albans, leading to the 
Laboratory 
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of cereal lipids, certain, aspects of 
flour milling technology, including 
the air classification of flour, rheo- 
logical studies on dough, problems 
specific to osts and oat products 
and the avoidance of rodent con- 
tamination of cereals on the farm. 
To mark the occasion, a book 
was prepared, entitled “The Re- 
search Association of British Flour 
Millers, 1923-1960”, which includes 
abstracts of the 376 scientific and 
technical papers published by the 
Association. The abstracts are 
grouped in three categories—basic, 
agricultural and technological. In 
the introduction, the president 
writes: “Speaking for my Council, 
I would like to stress that in our 
opinion the mam function of the 
Research Asgociation is to carry 
out basal research. J would add, 
too, that ın our experience the 
practical results that have followed 
amply justify this policy. That 
does not mean that some routine 
and ad hoc work is not necessary. 
It is, of only to keep the staff 
in touch and im sympathy with 
millers’ day to day problems. Nor 
has research on flour milling as 
such been neglected. J have only 
to refer to our recent work on the 
separation from ordinary flour, by air classification, 
of fractions rich or poor in protein. This may be a 
major development in the history of flour milling. 
I beheve therefore that the Research Association has 
for some years struck about the right balance between 
basal and applied researc T. Moran 


NATURE AND EXPLOITATION OF CROP PLANT RESISTANCE 
TO DISEASE 


SYMPOSIUM on the nature and exploitation 
of crop plant resistance to disease, o 
jointly by the Association of Applied Biologists 
(president, Dr. R. V. Harris) and the British Myco- 
logical Society (president, Mr. E. O. Large), was 
held at the London School of Hygiene and Tropical 
Medicine during January 8-9. 

The first day’s proceedings were devoted to studies 
on the host plant, and, in a general introduction, 
Dr. G. D. H. Bell said how much he appreciated 
the initiative of the sponsors in arranging this 
important symposium. The efficient explortation of 
disease resistance required the collaboration of both 
the pathologist and the plant breeder. Obviously 
the breeder tended to be more concerned with the 
host than with the pathogen, and although it was 
accepted as sound breeding policy to handle disease 
resistance in much the same way as other breeding 
characters, the genetics of the pathogen, had to be 
considered ag well as that of the host. Disease 
resistance was, of course, expressed in different ways, 
while various systems of genetic control were known, 
Major gene resistance in the host had been exploited 


extensively, but that based on minor genes was 
undoubtedly safer in many circumstances. 

Dr. R. ©. F. Macer (Plant Breeding Institute, 
Cambridge), who considered developments in breeding 
diseage-resistant cereals, suggested that the problems 
were for the first time being dealt with adequately in 
Great Britain. The synthesis of wheat lines with 
genes for resistance to Puccinia glumarum, Erysiphe 
graminis and Cercosporella herpotrichotdes were given 
as examples of progress being made; in some cases 
it had been found desirable to use sources of resistance 
found in allied species and genera. The closed-flower- 
ing character of barley was described as an escapes 
mechanism giving protection from all races of 
Ustilago nuda. 

Some of the difficulties in breeding for resistance to 
certain diseases in vegetable crops were outlmed by 
Dr. J. C. Haigh (W ellesbourne), who described the 
present position in lettuce with regard to mosaic 
disease, downy mildew (Gremta lactucae) and mould 
(Botrytis cinerea). He also referred to the difficulties 
of using Lycopersicum ptmpinelifohum and L. 
hirsutum as sources of resistance to Cladosporium 
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fulvum and Didymella lycopersics in breeding outdoor 
tomatoes. 

Dr. R. L. Knight, Miss E. Keep and Mr. J. B. 
Briggs (East Malling) gave an interesting account 
of the possible control of a disease by breeding for 
resistance to its vector. Amphophora rubs is the aphid 
vector of several raspberry viruses, and specific 
genes have been found in the hosts which give 
resistance to particular strains of the aphid. The 
authors considered that there was a good chance of 
the breeding work being able to keep ahead of the 
aphid for some time to come. 

Dr. D. 8. Kirkham and Dr. A. E. Flood (East 
Malling) discussed apple and pear scab, and they 
described a resistance mechanism based on bio- 
chemical differences. Characteristic phenolic sub- 
stances were found to be present in the two-host 
species and quantitative differences in these have been 
demonstrated between resistant and susceptible 
variéties. Using the sporulation of the fungi (Ven- 
turia inaequalis and V. pirina) as a measure of 
biological activity, chlorogenic acid was found to have 
an inhibitory effect. These fungi have a narrow host 
specialization, and resistance to them can apparently 
be conferred by one or more major genes. 

Another type of biochemical resistance, but in this 
case acting outside the plant through root exudates, 
was described by Dr. E. W. Buxton (Rothamsted) 
in relation to studies with pea wilt resistance. Pea 
varieties differ in their susceptibility to individual 
races of Fusarium oxysporum f. pisi and resistance 
appears to be associated with inhibition of growth by 
the root exudates. The exact nature of the exudate 
is unknown, but it probably took effect in the rhizo- 
sphere, acting either directly upon the parasite, or 
indirectly by first affecting the associated micro- 


organisms. 

Prof. 8. C. Harland, introducing the discussion, 
said that such joint meetings between scientists of 
different disciplines were long overdue. He believed 
that the fundamental information necessary in 
breeding for disease resistance was a knowledge of 
the breedi m and the genetic architecture 
of both the host and the pathogen. He felt that it was 
necessary, on & long-term basis, to recognize the fact 
that single major gene resistance was less stable than 
that based on a number of minor genes, and further 
consideration should be given to the exploitation of 
types of resistance known variously as field resistance 
. and adult plant resistance. Prof. Harland wondered 
whether the time had not come to reconsider the use 
of induced mutations as a practical method of 
increasing the variability of the host plants. 

The papers on the second day were introduced by 
Prof. D. Lewis, who briefly summarized the ways in 
which fungal variability may occur: by mutation, 
by genetic recombination in sexual reproduction, by 
segregation of nuclei from heterocaryons and by the 
parasexual phenomenon. Variation m pathogenicity 
was now known to occur go rapidly that it often seemed 
capable of overcoming resistance available to the 
plant breeder, particularly where reliance was placed 
upon’ major gene resistance, which exerted vigorous 
selection upon the pathogens. Prof. Lewis then 
contrasted the ability of fungi to break down the 
resistance of plants with their apparent failure to 
overcome the toxicity of fungicides. 

The paper by Mr. A. C. Hastie (Rothamsted) on 
“Variation in Verticillium albo-atrum isolated from 
Hops” described experiments, using nutritionally 
deficient mutants, to determine the mechanisms 
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responsible for variation in this imperfect fungus. 

Mixed inoculum of isolates differing in nutritional 
deficiencies, when grown on an unsugmented agar 
medium, resulted in heterocaryon formation. It may 
now be inferred that a system similar to parasexuality 
may give rise to novel progeny. This work is at 
present being extended to include an investigation of 
the possibility of these mechanisms also being respon- 
sible for variation in pathogenicity. 

Dr. R. D. Tinlne of the Canada Department of 
Agriculture, at present working at Rothamsted, 
reported in his paper “Pathogenic and Cultural 
Variation in Cochliobolus satwus” that variation in 
culture of this fungus was brought about by mutation, 
by heterokaryosis and by hybridization. He was, 
however, unable to demonstrate the existence of 
‘parasitic races’ of this fungus; virulent isolates 
tended to be highly pathogenic on all thirty-six wheat 
varieties used in the tests. 

In her paper “Interaction, or Genetic Recombina- 
tion, between Potato Viruses Y and O”, Dr. Marion 
Watson (Rothamsted) suggested that variation in the 
symptoms produced by inoculation of closely related 
virus strains may indicate the formation of mixed 
isolates of viruses. Experiments using potato viruses 
Y and O, which are serologically related, and are 
strains of the same virus, showed that viruses with 
attributes of both Y and O could be obtained from 
lemons produced by inoculating & mixture of vi 
Y and C. Such new strains were obtained only when 
the viruses inoculated were related strains, and also 
possibly when the multiplication took place within 
the same host cells. 

Physiological specialization in Puccinia glimarum 
and Phytophthora infestans was discussed by Dr. 
D. A. Doling (National Institute of Agricultural 
Botany, Cambridge) with particular reference to race 
surveys. Such surveys supply information upon the 
number of races present and their relative frequency 
and distribution in particular areas. The value of the 
information obtained, however, depends very much 
on the organization of the actual collections. The 
identification of races presents problems of selection 
of suitable differential host varieties and of methods 
of inoculation and incubation. The most satisfactory 
host varieties are those containing known combina- 
tions of resistance genes. 

Dr. ©. O. V. Batts (London) gave a historical 
account of the distribution of physiological races of 
Pucointa glumarum in Britain since 1946. During 
this period the number of races identified each year 
has declined, but new biotypes of two races were 
now important and were associated with the wheat 
varieties being grown. The system of international 
trials bemg carried out in Western Europe were an 
extension of the race survey technique discussed by 
Dr. Doling and were useful in determining the 
distribution of physiological races over a larger area 
and also in suggesting suitable resistant varieties. 
The race position in Ustilago tritici was discussed in 
relation to the reactions of differential varieties. The 
type of reaction produced is apparently dependent 
upon the location of the mycelium within the 
embryo. 

The problem of resistance to potato blight (Phyto- 


phthora infestans) was discussed by Dr. W. Black 


(Scottish Plant Breeding Station), Solanum demissum 
was è valuable source of resistance due to the hyper- 
sensitivity reaction, but from 1932 onwards the fungus 
has produced new races (now numbering at least 20) 
which could attack seedlings containing the R genes 
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from S. demissum. However, in addition to the R 
gene resistance, ‘field resistance’ was also known 
which is at present effective against all races. The 
approach now bemg made is to combine R genes 
with the ‘field resistance’, which is inherited poly- 
genically, so that varieties could be produced with a 
high level of resistance to some, and “field resistance’ 
to all, races. 

The final discussion was opened by Prof. C. T. 
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Ingold who, after surveying the various methods used ‘ 


for identifying physiological races of pathogenic fungi, 
turned to the more genetical aspects of problems. 
He considered that the importance of the parasexual 
cycle was not fully appreciated and in the future 
needed further investigation on a broad front. 

This symposium drew together geneticists, vmo- 
logists, pathologists and plant breeders who were 
involved in improving the productivity of crop plants. 
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It is to be hoped that this will be the firat of a series 
of such joint meetings in which scientists of different 
disciplines can consider together topics of common 
interest. These discussions were, however, particu- 
larly opportune as the rapid advances made in micro- 
bial genetics, the information collected as a result of 
expanded breeding programmes and the experience 
gained in handimg resistant varieties ın the past 
decade, need careful integration if the undoubted 
benefits of disease resistance are to be fully exploited. 
Although few fundamentally new ideas emerged from 
the papers it was clear that the complexities of 
meorporating stable forms of resistance in commer- 
cially acceptable varieties were fully realized. There 
was nevertheless a feeling that, at least for some crops, 
the future promised an improved standard of disease 
resistance based largely upon mechanisms controlled 
by minor gene systems. R. C. F. MAOER 


THE DEVELOPMENT OF SCIENCE IN SOUTH-EAST ASIA 


REGIONAL meeting, to discuss problems of 

organizing scientific research in South-East 
Asian countries, was held at Bandung, Indonesia, 
durimg December 9-12, 1959. It was organi 
jointly by the Unesco South-East Asia Science 
Co-operation Office and the Indonesian Council of 
Sciences, and was attended by senior representatives 
of the national research organizations or other 
appropriate bodies of the followmg countries: Aus- 
tralia, Hong Kong, India, Indonesia, Japan, Malaya, 
Philippines, Thailand, Republic of Vietnam, and 
New Zealand. The meeting was inaugurated with an 
opening address by the Minister of Education, 
Instruction, and Culture of Indonesia, Prof. Prijono, 
in the National Planning Board building in Bandung, 
which had been the scens of the historic Afro-Asian 
Conference in 1955. Prof. Prijono emphasized that 
the development of science and technology has not 
always been accompanied by moral progress, and 
appealed to the delegates to apply ther learning for 
universal development, based on the common needs 
of man. The president of the Council of Sciences of 
Indonesia, Prof. Sarwono Prawirohardjo, was elected 
chairman. of the meeting. 

The business sessions of the meeting were held in 
the impressive headquarters of the National Science 
Foundation of Indonesia. From the outset of the 
discussions, stress was laid on informality. It was 
believed that a frank exchange of views would be 
more beneficial than formal debates on a number of 
fixed pointe, and this indeed proved to be the cage. 
The stages of scientific development of the countries 
attending the meeting varied considerably——some 
had long-established government scientific research 
organizations, whereas others had only recently set 
up such bodies. After a survey of the main features 
of government research organization in each country, 
delegates discussed some of the major organizational 
problems which they faced. One of these was to 
determine the optimum balance between fundamental 
and applied research which they should undertake. 
It was recognized that developing countries have 
many urgent problems requiring immediate practical 
solution, and that it is usually easier to persuade 
governments to provide funds for research which has 
a definite practical objective. The traditional role of 


the universities in research is also to undertake 
fundamental work. Nevertheless, the meeting felt 
most strongly that it is essential for the health of 
national research organizations that they should be 
free to undertake fundamental work as they think 
desirable, and to approach any applied problem as 
basically as is necessary. 

Another problem was concerned with the proper 
responsibilities of a national research organization. 
These, of course, vary with the country concerned. 
In some countries of the region the national scientific 
organizations are operating bodies, mamtaining their 
own. laboratories and employing their own staff; in 
others they are co-ordinating bodies advising their 
governments on development of policy and distribution 
of funds. The meeting stressed that in either case it 
is essential that the national scientific organization 
should have the maximum possible degree of auto- 
nomy of operation and in administering the funds 
provided for it by its government. 

The relative functions of universities and national 
research organizations were also discussed. It is 
essential that university cesearch should be effective 
in training students in the practice and philosophy 
of research, and for this reason governments should 
be prepared to provide funds for university research 
without any conditions as to the projects on which 
they should be employed. 

One particularly interesting discussion covered the 
conditions for attracting and holding good scientists 
in the service of national research organizations. 
This is a vital matter, particularly for countries with 
national organizations in the early stages of develop- 
ment. The meeting placed great weight on the need 
for providing as liberal employment conditions as 
possible. Scientists look for autonomy of the organ- 
ization, and freedom from political interference and 
rigid departmental control; the provision of suitable 
salaries and other conditions of service such as 
adequate equipment and trained assistance ; freedom 
of publication ; liberal travel grants and study leave, 
oto. It was also agreed that it is most important 
that the ment of scientific organizations 
should be in the hands of scientists. 

As was inevitable at such a meeting, the provision 
of finance and resources for research came in for 
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considerable discussion. It was recognized that the 
main burden for this falls on governments, particu- 
larly in developmg countries where the situation is 
made more difficult because there is little or no 
industry to provide additional funds. It was sug- 
gested that countries providing assistance for 
developing countries should be prepared to allocate 
a larger proportion of their aid funds for scientific 
research. It is essential, however, that a proper 
balance should be maintained between the provision 
of training opportunities in the shape of fellowships, 
etc., and the provision of equipment and facilities. 
Training is useless if the trainees do not have equip- 
ment and facilities available on their return to their 
home countries; on the other hand, it is useless to 
provide expensive and complicated equipment if 
skilled staff is not available to use it properly. 

The encouragement of scientific research in 
developing countries through regional collaboration 
in such activities as conferences, symposia and 
training courses was & major topic of discussion. 
This led naturally to a discussion of the programme 
of the Unesco South-East Asia Science Co-operation 
Office, which is already fulfilling such an important 
role in the region. In relation to the needs, however, 
ita resources are much too limited, and the meeting 
agreed that Unesco should be asked to make a greatly 
increased bu provision for its work in the 
area. The meeting agreed that the following activities, 
which are all urgently needed in the region, could 
appropriately be undertaken, by Unesco: the pro- 
vision of information on research programmes being 
undertaken in the region and on facilities for training 
and technical assistance; the encouragement of 
symposia on scientific subjects of special interest to 
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South-East Asia ; the provision of traming courses 
for technicians, and refresher courses for science 
teachers ; the encouragement of more visite to the 
region by scientists. The meeting suggested that the 
Unesco South-East Asia Science Co-operation Office 
should consider the possibility of arranging a meeting 
of librarians and documentation experts of the ares, 
and it recommended that the present and proposed 
programmes of the Office in the fields of science 
teacher training, marine science research and humid 
tropics research should be confirmed and strengthened. 

The whole conference demonstrated clearly how 
effective international meetings on a limited scale can 
be in promoting understanding and friendship. I 
believe that the meeting will have valuable practical 
results in increasing active collaboration between 
countries of the region in scientific matters. Many of 
them have scientific problems in common, and it was 
clear from the discussions at Bandung that they face 
many similar organizational and administrative 
problems in building up and strengthening their 
scientific organizations. The Unesco South-East Asia 
Science Co-operation Office is to be congratulated in 
taking the initiative in ing the meeting, and it 
is Obvious from the discussions that it can play a 
much greater part in the scientific life of the region 
if it can be provided with greater support. Such 
increased activity would be welcomed by all countries 
represented st the meeting. 

All the delegates to the meeting would agree that 
it was a most successful one, and they have carried 
away with them the happiest memories of the 
gracious hospitality of their Indonesian colleagues, 
and the exquisite beauty of the Java countryside. 

Guy B, Gresrorp 


RECENT ADVANCES IN COCONUT: RESEARCH IN INDIA 


HE Agricultural College, Vellayani, Trivandrum, 
was the venue of the first conference of the 
coconut research workers in India organized by the 
Indian Central Coconut Committee, Ernakulam. 
India is the second largest producer of coconuts, & 
commodity occupying an important place in inter- 
national commerce. With the advent of the Indian 
Central Coconut Committee in 1945 and with the 
establishment of two Central Coconut Research 
Stations and seven Regional Research Stations in the 
different coconut-growing States of the country, 
coconut research. has in recent years gained consider- 
eble impetus and it was therefore quite opportune 
that research workers engaged from all over India 
should meet and discuss recent advances achieved 
in, their field of work. The Conference was held 
during December 21-23, 1959, and was attended by 
more than seventy research workers, representatives 
of the Kerala Department of Agriculture and the 
Agricultural College, and some prominent coconut 
growers. Prof. L. S. 8. Kumar, principal of the 
Agricultural College, presided. Some forty-five papers 
were presented and discussed at the conference. 
Eleven papers covered the subjects falling under 
the purview of agronomy and general plant nutrition. 
In the first paper, by Mr. M. M. Krishna Marar and 
Dr. K. M. Pandalai (Kasaragod), the results of obser- 
vations made in some long-term (40-year) experi- 


mental plots on the coconut were presented. The more 
important of the conclusions drawn, were that (1) 
regular inter-cultivation and manuring are necessary 
to step up and maintain the yield at high level, and 
(2) regular inter-cultivation by itself is highly effective 
in increasing the yields even in the absence of manur- 


The same suthors discussed in another paper the 
beneficial effects of nitrogen, phosphorus and potas- 
sium manuring on inducing flowering and bearing in 
adult non-bearing palms. Messrs. O. M. John and 
K. Jacob (Bangalore) reviewed the results of the 
extensive fertilizer demonstration scheme on coconuts 
carried out in growers’ holdings on the west coast of 
India and established that manuring with the 
standard dose of 0-75 lb. nitrogen, 0:75 lb. phos- 
phate and 1-5 Ib. potassium together with 50—100 Ib. 
green leaves per tree per year resulted In an in- 
crease of 35 per cent in terms of nuts, or 44 per 
cent in terms of copra, providing a net profit of 
Rs. 88:00 per acre. Miss K. Vijayalakshmi (Kasara- 
god) dealt with the various factors regarding moisture 
in soils of coconut plantations and outlined the various 
steps to be taken to conserve it. Messrs. T. Kailas 
Rao and T. Srirama Rao (Ambajipet) showed that 
for the alluvial soils of the coconut areas of Andhra 
Pradesh, sunnhemp is the most suitable green manure 
crop. The practices that have to be tackled when 
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‘introducing coconut cultivation on a large scale m 
new regions such as Assam were disoussed by Mr. 
P. R. Nath (Kahikuchi). 

Certain aspects of the nutrition of the coconut 
palm were discussed by Dr. K. M. Pandalai and co- 
workers (Kasaragod). Dr. Pandalai showed that im 
the disorders or abnormal conditions such as fohar 
yellowing, chlorotic condition of the seedlings, petiole 
breaking, barren nut production, etc., met with in the 
coconut palm, there is a characteristic accumulation 
of nitrogen, phosphorus and potassium, etc., as 
compared with healthy tissues, suggesting some 
disturbance of optimum nutrient ratios, consequent 
inadequate metabolism and/or impaired transloca- 
tion. Mrs. C. K. Thankam { od} provided 
relevant data to justify the above general biochemical 
pattern of nutrient maladjustment in respect of 
barren nuts. Mr. P. L. Ramanandan (Kasaragod) 
dealing with the foliar yellowing condition of the 
palms, showed that ıt could be ameliorated to some 
extent by balanced mitrogen, phosphorus and 
potassium manuring supplemented with mucro- 
nutrients such as molybdenum, copper and boron. 
Mr. C, K. Balakrishnan Nambiar (Kasaragod) 
showed that, in coconut seedlings, growth as well as 
leaf composition was correlated to a large extent 
with the composition of the growth medium, and that 
unbalanced nitrogen, phosphorus and potassium 
supply decreased growth and vigour and produced 
characteristic deficiency symptoms. Mr. N. G. 
Pillai (Kasaragod) traced the changes in the mineral 
composition, of the different parts of the nuts, such as 
husk, shell, kernel and nut water, in the course of 
development from the button stage to ripe nut. 

Five papers dealt with subjects of botanical 
interest. Messrs. 8. R. Gangolly, T. P. Gopalakrish- 
nan and co-workers (Kasaragod) presented data to 
show that synthetic growth-promoting substances 
such as B-indole propionic acid, B-indole butyric acid 
in suitable concentrations can be used instead of 
coconut water along with 2,4-dichlorophenoxy acetic 
acid for arresting button shedding in the coconut 
and promoting satisfactory growth of nuts. In 
another paper Messrs. 8. R. Gangolly, M. C. Nambiar, 
Rama Varma and K. M. Pandalai discussed the 
distribution of coconut pollen in the atmosphere in 
relation to weather factora such as humidity, maxi- 
mum and minimum temperature, sunshine, eto. 
Mr. R. Gopinathan Nair (Kasaragod), in tracing the 
anatomical development of the coconut fibre, showed 
that the fibre strands begin to differentiate in the 
ovary wall of the female flowers four to five months 
prior to the opening of the spathes, and that they 
grow for the main part into typical fibrovascular 
bundles having a few xylem and phloem elements 
surrounded by a sheath of fibrous cells. Messrs. 
R. Y. Pillai and K. Satyabalan (Kasaragod) m ther 
paper described the seasonal variations in the 
yield and nut characteristics of thirteen exotic 
cultivars of the coconut, and showed the existence of 
inherent variations among them. Mr. Josy Joseph 
(Kasaragod) in his paper showed that F, progeny 
seedlings of T x D (open pollinated or control 
pollinated) were better than F, in vigour as judged 
by vegetative characters relating to growth. 

As many as thirteen papers dealt with the different 
aspects of the investigations on the diseases of the 
coconut palm. Mr. U. K. Nair and Dr. K. Radha 
(Kayangulam) presented data to show that manuring 
and spraying were generally effective in reducing the 
adverse effects of the leaf disease. Miss T. O. Prasan- 


No 4728 


NATURE 


861 


nakumaci, Dr. K. Radha and Mr. V. C. Kuran 
(Kayangulam) dealing with the efficiency of different 
copper fungicides for the control of leaf disease con- 
cluded that Bordeaux mixture, Kirti copper and 
eee were more effective than the others 
tried. 

Dr. P. Shanta, Dr. K. P. V. Menon and co-workers 
(Kayangulam) presented four papers dealing with 
their investigations on the virological aspects of the 
wilt disease of the coconut palm. In the first paper 
they presented results that tend to support the 
virus hypothesis of the wilt disease. In their second 
paper they described the host-range of the virus, and 
showed that the virus can be experimentally trans- 
mitted to cowpea seedlings by sap inoculation. In 
another paper Dr. P. Shanta, Dr. K. P. V. Menon 
and Mr. K. J. Thommen (Kayangulam) adduced 
evidence to show that chlorosis and flaccidity of 
the leaves in the diseased coconut palms are only 
secondary symptoms brought about by the forma- 
tion and accumulation of tome matenals m the 
leaves. Dr. K. Radha and Mr. T. 8. 8. Rawther 
(Kayangulam) reported negative correlation between 
the rhizosphere fungi and rainfall conditions in then 
studies on the influence of seagonal factors on the 
rhizosphere microflora with reference to the wilt 
disease in the coconut palm. 

A series of seven papers on the chemical studies 
on the leaf and wilt disease of the coconut were 
presented by Messrs. E. J. Verghese, M. P. Sankaran- 
arayanan, S. Robert Cecil, M. K. C. Nair and A. 8. 
Mathew (Kayangulam). In the first two papers they 
reiterated the salient features of observations made 
on the incidence of the root and leaf diseases of the 
palms, and provided data which confirmed the earlier 

findings regarding the accumulation of major nutri- 
tient factors m the diseased tissues. Different 
aspects relating to the changes in the concentration 
under water-logged conditions, particularly of possible 
toxic agents such as ferrous iron, aluminium, organic 
acids, etc., which could injure plant tissue, were 
discussed in the third paper. The results of soil 
survey of healthy and diseased coconut gardens to 
throw light on the influence of soil conditions in 
relation to the disease formed the subject of another 
paper. The ineffectiveness of lime, ash and Chilean 
nitrate to improve the condition, of diseased trees was 
reported in two other papers by Messrs. M. R. 
Chettiar, If. J. Verghese, P. C. John, P. V. Channey 
and M. P. Sankaranarayanan. In the last paper of 
the series it was concluded that cadmium toxicity 
is not a factor associated with the disease condition 
of the coconut palm. 

Six papers presented results of investigation on 
the pests of the coconut palm. Messrs. K. R. Mohan 
Rao and C, Seshagiri Rao (Ambajipet) described the 
different pests of the palm prevalent in the Andhra 
Pradesh, and gave an account of the biological method 
of control adopted by them against Nephantis 
sertnopa. Mr. G. B. Pillai and Dr. C. Kurian (Kayan- 
gulam) in their work on the insecticidal efficiency 
of dieldrin concluded that 005 per cent is the 
optimum minimum concentration for use against 
Nephanits serinopa. Reporting the results of several 
insecticidal trials against Rhynchophorus ferrugineus 
F., Mr. K. Mathen and Dr. C. Kurian (Keyangulam) 
held the view that both larvæ and adults suffered 
92 per cent mortality of grubs at 0-5 per cent and 
100 per cent mortality of adults at 0-1 per cent, 
seven days after treatment, endrme giving best 
results. 
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The results of observation on the incidence of the 
rhinoceros beetle and the extent of damage done by 
it under field conditions were presented by Mr. 
C. P. Ramachandran and Dr. C. Kurian (Kayan- 
gulam). Detailed studies of Peristerola nephanitdts, 
an ectophagous larval parasite of Nephantts sersnopa, 
were reported by Mr. J. Antony and Dr. C. Kurian. 
Mr. K. V. Joseph (Vellayani), based on the work 
done by him, emphasized the need to exercise 
caution in the matter of using DDT for large-scale 
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spraying in coconut areas because of the risk involves 
in adversely affecting the population of parasited 
and predators that normally help to keep pests 
under control in Nature. 

Other papers were presented and discussed, and 
some were submitted only. All the papers submitted 
for the Conference are being printed as a special 
volume of the Indian Ooconut Journal (published by 
the Indian Central Coconut Committee, Ernakulam, 
South India). K. M. PANDALAI 


MEDICAL RESEARCH IN THE BRITISH CARIBBEAN 


HE fifth annual scientific conference organized 

by the Standing Advisory Committee for Medical 
Research in the British Caribbean was held at the 
University College of the West Indies, Jamaica, 
during April 2—4. The topic for the meeting was the 
application of the laboratory to problems of clinical 
medicine. Doctors from the Caribbean islands, 
British Guiana, British Honduras, the Bahamas, 
Great Britain and the United States attended. 
Thirty-five papers were read and discussed. Prof. 
A. C. Frazer (University of Birmingham) took the 
chair on the first day. 

The first session was devoted to cardiovascular 
disorders. A number of hospital studies and field 
surveys were reported from Jamaica, Trinidad, 
British Guiana and St. Kitts, by Drs. J. A. Tulloch, 
G. Wattley, H. Hamilton and K. Stuart. Hyperten- 
sive heart disease was the most common cardiac 
cause for hospital admission followed by luetic and 
then rheumatic heart disease. Acute rheumatic 
fever was common, and in Trinidad affected the East 
Indian to & greater extent than the Negro. Cor 
pulmonale was uncommon in both Trinidad and 
Jamaica, but was seen with greater frequency in 
British Guiana. In British Guana and Trinidad it 
occurred almost exclusively in the East Indian. No 
satisfactory explanation of this racial difference was 
forthcoming. Myocardial infarction was uncommon 
in all the territories. This was of interest as sortic 
atheroma is as common in Jamaica as in the United 
States of America, although coronary artery atheroma 
is legs severe in Jamaica than in the United States. 
The agsociation, of aortic and coronary atheroma with 
essential hypertension, diabetes, age and sex was 
discussed by Dr. W. B. Robertson. The importance 
of heart disease in the general population was illus- 
trated by the report from Barbados of a chest X-ray 
survey of 3,000 subjects. This showed a 10-7 per cent 
incidence of cardiovascular abnormality, and a con- 
siderable proportion of these had @ positive serological 
test for syphilis. Yaws has not been recognized in 
Barbados for many years. This stressed the fact that 
symptomless cardiovascular syphilis may be more 
common than has been thought and therefore poses 
an important public health problem. In the discus- 
sion of this paper the urgent need for a test, serological 
or otherwise, that will differentiate syphilis from yaws 
was stressed. 

Hypertension is common and field surveys carried 
out in Jamaica and St. Kitts were reported by Dr. 
K. L. Stuart. The levels of blood pressure in St. 
Kitts were slightly higher than those reported by the 
Medical Research Council team in South Wales, 
whereas in Jamaica the figures were comparable to 


those from South Wales. An investigation into the 
occurrence of significant bacilluria in the general 
population was also reported by Dr. Stuart. There 
was a considerably higher incidence of baciluria in 
the hypertensive female, and this increased with 
parity. The relationship of baciluria to hypertension 
was discussed, and the possibility that pyelonephritis 
was responsible for the greater incidence of hyper- 
tension in the elderly female was suggested. A post- 
mortem study of hypertensive cases reported by Drs. 
Ling and Stuart did show that renal hypertension was 
responsible for 50 per cent of the cages, and b 
chronic pyelonephritis accounted for one-third of 
the renal cages. 

Diabetes mellitus was discussed at the second 
session. It was pointed out by Dr. J. A. Tulloch that 
the prevalence of diabetes in Jamaica was a little 
more than 1 per cent of the adult population, and that 
only about 40 per cent of the cases were already known 
to have diabetes. The mtiology was reviewed and 
was considered to be very similar to that reported 
from temperate countries. A consideration of the 
J type cases was re by Drs. D. MacIntosh and 
J. Tulloch, which indicated that this was not a distinct 
type, but was a phase in the natural history of the 
badly treated type IT patient. The results of treat- 
ment with chlorpropamide were reported from 
Trinidad by Dr. T. Poon-King. <A considerable 
proportion of his cases responded satisfactorily. 
The distribution of blood groups in diabetic subjects 
was also reported from Trinidad. In both male and 
female cases there was a low incidence in group O. 
Males showed an excessive group B and females an 
excess of group A over that occurring in the local 
population. A study of liver enzymes in human 
diabetes was reported by Dr. 8. J. Patrick. This 
largely confirmed animal e iments. 

On the second day Prof. E. T. C. Spooner (London 
School of Hygiene and Tropical Medicine) took the 
chair. Dr. R. D. Montgomery of the Medical Research 
Council Tropical Metabolism Unit reported that the 
oxygen uptake per unit of body weight was not 
reduced even in severe malnutrition. During recovery 
the increase became much greater and evidence was 
given that this was related to thyroid activity. Drs. 
J. C. Waterlow and D. I. M. Picou reported prelimin- 
ary observations from isotope studies that, in protein 
malnutrition, the economy of protein is achieved 
not by a decreased rate of katabolism but by an 
increased degree of re-utilization. Although the extent 
of protem synthesis may be reduced through shortage 
of supplies, the capacity for synthesis seemed in 
most cases to be unimpaired. The occurrence of 
magnesium deficiency in malnutrition was reported 
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by Dr. R. D. Montgomery. This paralleled potassium 
deficiency and supported the concept of a primary 
loss of intra-cellular constituents. Further investiga- 
tions into the megaloblastic anzmia noted in mal- 
nourished infants was reported by Drs. Maclver and 
Back. They showed that the cause was a dietary 
deficiency of folic acid, and vitamin B,, was not 
implicated. Dr. MacIver also reported on the nature 
of the severe anæmic episodes in sickle-cell disease 
and showed that these were of two types. In one 
folic acid deficiency was the stiological factor and in 
the other there was an acute aplastic state. A possible 
relationship of this latter state to preceding infection 
was suggested. Non-Addisonian vitamin B,, defici- 
ency in the adult was reported from Trinidad by 
Dr. G. Habib. All the cases were Hindus and with 
one exception they were strict vegetarians eating no 
eggs, meat, fowl or fish. It was considered that 
poverty and & vegetarian diet combined to produce 
this deficiency state. 

A field survey on the size of liver in apparently 
healthy children was reported by Dr. C. G. Muller. 
Hepatomegaly was found in about 95 per cent of all 
children under the age of 12 years. Its presence was 
not related to malnutrition, but the posmble role of 
infection was considered. The autopsy incidence of 
cirrhosis of the liver, as noted at the University 
College Hospital of the West Indies, was much tho 
samaqas in America. One-third of all cirrhosis cases 
resulted from veno-occlusive disease of the liver. 
Liver cancer occurred with moderate frequency. 
This was a more common finding than in Denmark, 
but was much less common than in Africa. Hepato- 
cellular carcinoma was more common than cholangio 
carcinoma and occurred particularly in the young 
adult male. 

Virological investigation of human yellow fever 
cases in Trinidad was reported by Dr. W. G. Downs 
of the Trinidad Regional Virus Laboratory. The 
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cases noted in 1959 were diagnosed by isolation of 
virus from the blood and the difficulty of serological 
diagnosis was stressed. The olinical occurrence of 
encephalitis in Jamaica was analysed by Dr. R. A. 
Irvine and it was noted that sequela: were a common 
occurrence. The intra-dermal innoculation against 
Asian influenza was discussed by Drs. M. M. Bigel 
(Miami University) and L. 8. Grant. In thoir opinion 
the intra-dermal injection of antigen would engender 
an antibody response and such a method could well 
be adopted in an emergency during epidemics before 
large supplies of suitable antigens became available. 

Prof. G. Bras took the chair on the third day. The 
possibility that the unusual spastic neuropathies seen 
and reported from Jamaica were related to treponemal 
infection was considered by Dr. R. D. Montgomery 
(Medical Research Council). It was argued that the 
neuropathy could be a late manifestation of trepone- 
mal infection, whether venereal or otherwise, and 
that it could be due to & strain acting as & poor 
antigenic stimulus, but producing a typical meningo- 
vascular lesion in the nervous system. A second 
neurological disorder noted in Jamaica, that of spinal 
arachnoiditu, was reported by Prof. E. K. Cruiok- 
shank and Dr. P. E. Rodgers. The stiology of the 
condition was largely unknown, but it had been 
found that cases seen early in the disease responded 
well to cortisone administration. An investigation 
into tropical plants used for medicinal purposes was 
reported by Prof. Haynes. It had been found that 
the breadfruit contained y-amimobutyric acid, and 
this factor gave rise to a slight reduction, of blood 
pressure in the anmsthetized dog. Other plants had 
also been shown to contain this substance. 

The meeting was brought to a close by Prof. 
Bras who thanked all contributors and all visitors 
from the many islands, Great Britain and the United 
States for attending the conference. 

J. A. TULLOCH 


ABUNDANCES OF THE RARE-EARTH ELEMENTS, LANTHANUM 


TO LUTETIUM, IN 


CHONDRITIC METEORITES 


By Dr.”R. A. SCHMITT, A. W. MOSEN, C. S. SUFFREDINI, J. E. LASCH, 
Dr. R. A. SHARP* and D. A. OLEHY 


John Jay Hopkins Laboratory for Pure and Applied Science, Genera} Atomic 
Division of General Dynamics Corporation, San Diego, California 


HE abundance distribution of nuclear species 18 
considered an important requisite for a satis- 
factory theory of nucleogenesis'*. Compilations of 
cosmic abundances of the elements have been pub- 
lished by Goldschmidt, Brown, Urey, Aller, Suess and 
Urey, and Cameron’, and others. It has been found 
that the relative cosmic abundances vary by a factor 
of ~ 1013, and decrease logarithmically and rather 
smoothly from the lightest to the heaviest elements. 
Rules of relative atomic abundances, for example, 
regular and smooth decrease in the abundances of 
those odd-mass-number nuclides which have masses 
greater than ~ 50, were assumed to be valid for all 
elements, because it had been observed that the 
rare-earth elements (lanthanum to lutetium) showed 
* Present address: Sharp Laboratories, Inc., La Jolla, California. 


a regular and smooth decrease in their abundances?. 
Since it is well known that the fourteen rare sarths 

a high degree of chemical similarity, because 
of the filling of the 4-f electron shell far inside the 
valence electrons, the rare earths are assumed to have 
migrated geochemically through time and space as 
an ‘entity’*. Consequently, accurate determinations 
of the abundances of rare earths in primordial matter 
are required in order to establish empirical relation- 
ships among the abundances of elements formed in 
nucleogenesis. 

Noddack, using X-ray spectroscopic techniques’, 
has determined the abundances of the rare earths in, 
composite mixtures of chondritic and achondritic 
meteorites {~ 9 parte of chondrite to l part of 
achondrite in the mixtures); and Minami’ has used 
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Table 1. 
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Isotoptc abundances 
(atoma/10* Bı atoms) 


La-140 
Ce-148 
Pr-142 
Nd-147 
§m-153 
Bu-162m 
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Eu-1513 
Gd-158 
Gd-160 
Tb-150 
Dy-164 
Ho-165 
Er-168 
Er-170 
Tm-169 
Yb-168 
Yb-174 
La-175 
Lu-176% 


Bu-152 
Gd-159 
Tbh-161 
Tb-160 
Dy-165 
Ho-166 
Er-160 
Er-171 
Tm-170 
Yb-160 
Yb-176 
Lu-176 
La-177 
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Buees By 
and Urey’ | Camerons 
(atoms (atoms} 
10° 16 
Si atoms) | Si atoms) 
2 00 9-59 
2 26 0 58 
0:40 0-28 
1°44 0 8&7 
0 66 0-24 
0:19 012 
0-68 0 52 
0-096 0 090 
0 56 0 67 
0-12 0:18 
0 $2 0-58 
0 082 0 000 

© 
0-22 0 89 
0-050 0-036 


0 00106 0 00085 
(+0 00010) | (+0-00004) 


« Abundances are 
from the radiomotopes 


+ Elemental abundances were calculated by assuming 


yen for the wotopes listed in colamn 2. 


Measuremania of the abundances of the isotopes in column 2 were obtained 
ted in column 3. Errors represent the over-all standard deviation error, which is primarily due to counting statistics. 


that terrestrial Isotopic ratios are identical to meteoritic isotopic ratios. Errors in 


the elemental abundances may be obtained from the isotopic abundance errors given in columns 4 and 5, 
e Ratios are expressed as grams of element per 10* gm. of meteorite. Errors may be obtained from the isotopic abundance errors in columns 


4 and 5. 
d See ref. 5. Abundanoes are given only to significant values. 
+ See ref. 6. Abundances are given only to significant values. 
J See ref. 1. 


Suess and Urey chose the rare-earth abundances of Minami (see ref. 6) for Inclusion in their cosmic-abundance table. The 


abundances listed in column 12 are the Suess—Urey interpolated values which gave the best fit between lower and higher mass-elementa imme- 


diately preceding and following the rare-earth elements. 


f See ref. 2. Cameron chose the rare-carth abundances of Noddack (see ref. 5) for Inclusion In his abundance table and normalized the 
Noddack abundancea by fitting the lanthanum and barium abundances In an approximate manner. We have Usted the values of Cameron to 


two significant numbers. 
à Elemental abundances of cerium were also determined thro 


ls oonsidered to be reliable. 


the neutron-capture reaction Ce-140 
to be 0°88 and 0:90 atoms/10° sflicon atoms for Allegan and Ri ton, 
The abundances of cerium are belng checked by different chemical manipulations. ‘The abundance of cerium as determin 


y)82-day Ce-141 and were found 
h due to ible contamination. 
through 33-hr, Ca-148 


actively. These values may be 


1 Abundances were determined via the 9-8-hr. upper isomeric state of Eu-152, 
3 Abundances were determmed via the 18-yr. lower isomeric state of Eu-152, 


4 It was calculated that the abundance of Lu-176 may be too high by ~5 per cent, because the Lu-176 abundance was determined through 
the radiowotope Lu-177, which 1s produced by two rare-earth neutron-capture reactions in Lu-176 and Y¥b-176, with the activated radioisotope 


Yb-177 d g to Lu-177, 


X-ray spectroscopy to ascertain the rare-earth 
abundances in shales (~ 108 yr. old). If meteoritic 
and terrestrial matter originated from the same 
process, then the relative abundances of the rare 
earths in shales and in meteorites should be very 
similar. By comparing the data of Minami® and 
Noddack®, it was found that the abundances of the 
light rare earths relative to those of the heavy rare 
earths were about eight times greater in shales than 
m meteoritos (see Table 1). 

In order to resolve this difference, it was suggested 
by Hans E. Suess, of the University of California, 
La Jolla, that the abundances of the rare earths in 
chondritic meteorites should be accurately determined 
by using the new and powerful technique of neutron 
activation. 


At the initiation of the present work, chondritic 
meteorites had been considered by Urey? as most 
representative of the non-volatile primordial matter 
of the solar system. The feasibility and reliability of 
measuring the abundances of elements present in 
concentrations of one part per million or lesa in 
meteorites has been demonstrated by a great many 
geochemists’. 

Abundances of all the rare-earth elements (lan- 
thanum to lutetium), with the exception of the 
unstable element promethium, were determined in 
two chondritic meteorites, Allegan and Richardton, 
by the neutron activation technique. Five-gram 
samples of the meteorites and all fourteen rare-earth 
standards (spectroscopic purity grade) were irradiated 
simultaneously in the General Atomic Triga reactor 
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Elemental abundance (gm./10* gm. meteorite) 
© 
p 





© 
(am 


La Ce Pr Nd Pm 8m Bu Gd Tb Dy Ho Er Tm Yb Lu 
Rare earth 


yerage elemental abundances (in gm. of rare earth per 

107 gra. ot  moteante) in the chondrites Allegan and ichardton. 

ircles are values of cee work ; crosses are values by Noddack 

(aco ref. 5) normalized to th lanthanum abundance of this work. 

he solid curve connecta the odd-á abundances of this work, The 

hee tandard deviation (SD) errora for average elemental 

abundances of this work are +9 per cent; Noddack’s errors are 
given as equal to or less than +4 per cent as SD 


in a neutron flux of about 2 x 10! neutrons/cm.*/sec. 
The meteoritic specimens and the rare-earth standards 
were placed in separate containera in a roteting 
circular rack in the reactor, so that all the containers 
were exposed to the same neutron flux. Subsidiary 
experiments showed that the neutron spectra were 
identical (+ 3 per cent) in the flux for the pertinent 
neutron-capture energies in both the meteoritic 
specimens and in the standards. 

After neutron irradiations of about 2 hr., the 
meteorite samples were immediately subjected to 
standard radiochemical manipulations in erder to 
separate the activated rare earths resulting from 
neutron-capture reactions from other activated 
elements present in the highly radioactive meteoritic 
specimens. Pure rare-earth carriers in the form of 
rare-earth oxides wero added to the irradiated 
meteorites before the sodium peroxide fusion of the 
meteoritic sample. After radiochemical decon- 
tamination, the activated rare earths were separated® 
by being passed through ‘Dowex 50W’ x 12, minus 
400 mesh, ion-exchange ream. (The resin was 
especially prepared by Bio-Rad Laboratories, Rich- 
mond, California. The settling-rate of the fine resin 
was 0:5-2-0 om./min.) 

In the determination of the abundances, the final 
separated rare-earth carriers and the irradiated rare- 
earth standards were counted in both ordmary and 
automatically operated well-type scintillation spectro- 
meters, with 1% in. X 2 ım. sodium iodide (TI) 
crystals. Almost all neutron-activated rare earths 
decay by negatron emission accompanied by gamma 
emission, and thus lend themselves to y-ray spectro- 
scopy. It was necessary to count only two of the 
rare earths by the standard beta-counting method— 
thulium-170 and erbium-169. Each of the rare earths 
was identified: (1) by observing the order of ion- 
exchange elution; (2) by comparing the rare-earth 
gamma spectra, taken by a 256-channel analyser, 
with the spectra of the rare-earth standards; and 
(3) by following the decay of the rare-earth elution 
peaks and of the rare-earth standards over a few 
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half-lives, either by counting all gamma disintegra- 
tions (integral counting), or by counting selected 
gamma rays of the radioisotopes. The radiochemical 
yields of the rare-earth carriers were ascertained by 
comparing the activities resulting from neutron 
activation analysis of the decayed carriers with those 
resulting from analysis of a known amount of the 
individual rare earths. 

Resulte of the determination of rare-earth abund- 
ances in the two chondritic meteorites, Allegan and 
Richardton, are grven in columns 1-5 of Table 1. 
The elemental abundances have been calculated with 
the assumption of identical isotopic abundances for 
rare-earth elements in meteoritic and terrestrial 
matter and are given in columns 6-9 of Table 1. 
(The validity of this assumption is verified for the 
rare-earth region by comparing the meteoritic 
abundance ratios of the isotope pairs gadolinium-168/ 
gadolinium-160, erbium-168/erbium-170, ytterbium- 
168/ytterbium-174 and  lutetium-176/hutetium.176 
with terrestrial abundance ratios.) For comparative 
purposes, the X-ray spectroscopic elemental abund- 
ances in, meteorites, as determined by Noddack, and 
in shales, as determined by Minami, are included in 
the table. Also included are the values given by 
Suess and Urey! and by Cameron? in their cosmic 
abundance compilations. 

The average elemental abundances in the chon- 
drites Allegan and Richardton, expressed in grams of 
rare earth per 10° gm. of meteorite (p.p.m.), are 
plotted in Fig. 1 as solid circles. For comparison, 
Noddack’s meteoritic values (crosses) have been 
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included .'n. the, figure-and are normalized to our 
lanthanum, abundance. A. solid. curve has been 
drawn through the odd-mass abundances in Fig. 1. 

Again assuming terrestrial isotopic abundances for 
the rare earths in meteorites, the abundances for all 
rare-earth isotopes were calculated. These were then 
used to calculate total isobaric abundances of even A 
and odd A and were incorporated with the abundances 
for elaments immediately preceding and following the 
rare-earth group. The abundances plotted in Fig. 2 
are the average values for the chondrites Allegan and 
Richardton and are expressed in units of atoms per 
10° silicon atom. The elemental abundance peaks at 
A = 137 and 138 were calculated from the recent 
barium abundance values in ‘ordinary’ chondrites 
given by G. W. Reed et al.*. Values for A < 138 and 
A > 176 are those of G. W. Reed et al.*, and of Suass 
and Urey’. The solid line in Fig. 2 connects the 
odd-A abundances and the dashed lne connects the 
totgl even-A abundances. 

From the data presented in Table 1 and in Figs. I 
and 2, the following observations are noted. First, 
after normalization of the Noddack data to these 
data, the X-ray spectroscopic data are about -+ 30 per 
cent at variance with the abundances of the present 
work. Secondly, the abundances of even-atomic- 
number elements are indeed larger, by roughly a 
factor of four, than those of the odd-atomic-number 
elements. Thirdly, the elemental abundance of 
europium in Richardton (0-080 p.p.m.) as determined 
in this work agrees well with the abundance of 
europium in Richardton (0-079 p.p.m.) found by 
Bate e al.,. Fourthly, a smooth decrease in abund- 
ances is found for both odd A and total even A from 
A es 137 to A œ 160. A smooth perturbation in the 
gradual decline in abundance of both odd A and total 
even A is noted between A æ 150 and A ey 170, 
with a pesk at A es 163. This has been explained by 
Becker and Fowler™ from considerations of the rapid 
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neutron-capture process in gupernovæ and the 
spheroidal nuclear deformations in the rare-earth 
region. Fifthly, the meteoritic isotopic ratios of 
gadolinium-158/gadolinium-160, erbium-168/erbium- 
170, ytterbium.-168/ytterbium-174 and lutetium-176/ 
lutetium-176 agree, within expermental error, with 
the corresponding terrestrial abundances. 

At General Atomic, work is in progress to re- 
determine the cerium-140/cerium-142 isotopic ratio 
in chondritic meteorites, and it is planned to ascertain. 
the rare-earth abundances in achondrites and irons. 
Complete details of this work will be published 
elsewhere. 

We wish to thank Prof. Hans E. Sueas, of the 
University of California, La Jolla, for suggesting this 
problem and for helpful discussions. Also, we thank 
Prof. Harold O. Urey, of the University of California, 
La Jolla, and Prof. John W. Irvine, jun., of the 
Massachusetts Institute of Technology, for their sug- 
gestions. The Allegan meteorite was obtained through 
the courtesy of Prof. Hans E. Suess; Richardton 
was obtained through the courtesy of Dr. Brian 
Mason, of the American Museum of Natural History. 
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INHIBITION OF THE ANAPHYLACTIC RELEASE OF HISTAMINE FROM 
CHOPPED GUINEA PIG LUNG BY CHYMOTRYPSIN 
SUBSTRATES AND INHIBITORS 


By Dr. K. F. AUSTEN* and Dr. W. E. BROCKLEHURST 
National institute for Medical Research, MIH HIH, London, N.W.7 


T has been observed that the anaphylactic release 

of histamine from sensitized guinea pig lung 
requires a heat-labile factor!, which is probably 
enzymic, and can be inhibited by ditsopropylfluoro- 
phosphate’. These findings prompted us to study the 
effect of peptidase substrates and inhibitors on the 
anaphylactic release of histamine from sensitized 
guinea, pig lung. 

Guinea pigs were sensitized by injection of 10 
per cont egg albumin in 0-5 per cent phenol, 1 ml. 
intraperitoneally and 1 ml. subcutaneously. Approxi- 
mately three weeks later the lungs were excised and 
blood was removed by perfusion through the pul- 
monary artery for 10 min. with Tyrode’s solution at 
87° ©. The lung tissue was chopped into rods 
0-4 mm. x 0:4 mm. x 5 mm., washed, and divided 

* U.S. Public Health Service Postdoctoral Research Fellow. 


into some 24 samples of about 100 mgm. wet weight. 
These were incubated in Tyrode’s solution at 37° C. 
for 45 min. and then washed twice with Tyrode’s 
solution. Immediately after the second wash each 
sample of tissue was immersed in 3-0 ml. Tyrode’s 
solution with or without the potential inhibitor and 
10 sec. later the antigen, 0:1 mgm. ovalbumin per 
mi. reaction mixture, was added. After incubation 
for 15 min. at 37° O. the supernatant fluid was 
removed from the tissue and kept at 0° C. until it 
was assayed the same day using the isolated ileum 
of the guinea, pig. Addition of antigen caused the 
release of 0-3—-0-6 . histamine per sample. Any 
potential inhibitor was always studied in four replicate 
tubes ; three of the samples received antigen and the 
fourth served as a control for spontaneous release of 
histamine. 
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Table 1. COMPOUNDS WHICH FAIL TO INHIBIT THY ANAPHYLAOTIO 
RHLHASE OF FROM CHOPPED, SHNSITED GUNHA Pra LuNG* 


Peptides and 
polypeptides 


CN RER 
DI- yiglycine 
Acatylglycine 
pore L-lysine ethyl 
es 
Diacetyl 1-1 
a reee 
I-Glutamio ethyl ester 


DL-Aspartic acid 





* Somnpormnas producing leas than 25 per yea inhfbition at a con- 
centration of 20 mf were termed non-inhibito 
ian beer of water ar insolubility L-tyrosine oalä not be tested at 
greater tha 
t Because ET limited supply these compounds could not be tested at 
greater than 
t Test marae was 2 mgm./ml reaction mixture. 


In Table 1 are listed the compounds which failed 
to inhibit histamine release at a concentration of 
20 mM. The levorotatory forms of all amino- 
acids studied were non-inhibitory. The esters and 
amides of arginine and lysine, which are specific 
trypsin substrates*, were not inhibitory, and neither 
was soy bean trypsin inhibitor at 2 mgm./ml. In 
addition, y-glutamyleysteinylglycine (glutathione), 
areal geveral dipeptides and N-acetyl amino-acids 
were non-inhibitory 

The compounds which consistently produced more 
than 50 per cent inhibition of the anaphylactic 
release of bistamme are recorded in Table 2. The 
first group are esters or amides of L-tyrosine and 
I-phenylalanine which are typical chymotrypsin 
substrates*. The observation that the esters are 
better inhibitors than the amide is consistent with the 
fact that the esters are much more susceptible sub- 
strates than the amide*. The bifunctional chymotryp- 
sin inhibitors 8-phenyl-propionic acid, 8-indoleacetic 
acid and §-(B-indole)propionic acid produced more 
than 50 per cent inhibition at 2-5 mM while the 
racemic aromatic amino-acids and their dipeptides 
or N-acetyl derivatives required a concentration of 
eight times as much to accomplish the same inhibition. 
Indole, the most potent monofunctional chymotryp- 
gin inhibitor studied by Huang and Niemann‘, was 
also the most effective inhibitor of histamine release. 
A concentration of indole of 0-5 mM gave more than 
50 per cent mhibition whereas virtually total inhibi- 
tion was obtained with 2:0 mM. Distsopropylfluocro- 
phosphate which is capable of inhibiting chymo- 
trypmn', as well as a variety of other esterases, was 
very effective at 5 mM. The ing that ditso- 
propylflucrophosphate, which is capable of inhibiting 
purified chymotrypsin on a 1:1 molar basis*, was 
not more effective, may be explained by the fact that 
ditsopropylflucrophosphate had a relatively short 
time to inhibit the antigen-activated enzyme and 
had to do so in the presence of substrate for that 
enzyme. Histamine release begins within 15 sec. 
of antigen addition and reaches &® maximum rate 
within 100 sec. Furthermore, the effective con- 
centration, of ditsopropylflucrophosphate may have 
been significantly diminished by binding to other 
proteins’. 

In order to ascertain that the mhibitors did not 
destroy or release antibody, or otherwise impair the 
ability of the sensitized tissue to respond to antigen, 
the sensitized tissue was incubated with several of 
the most potent inhibitors for 15 min. and then 


NATURE 


867 


thoroughly washed before addition of antigen, The 
concentration of the inhibitors, 1-phenylalanine 

ethyl ester, phenylacetic acid, indole and ditso- 
propylfluorophosphate was selected so as to give 
more than 80 per cent inhibition. In each instance, 
after removal of the inhibitor and the addition of 
antigen, the tissue gave the sqme histamine release as 
control tissue treated in a similar fashion with 
Tyrode’s solution. This indicates that the inhibitors 
are acting exclusively on a reaction activated by the 
antigen. Furthermore, the failure of ditsopropyl- 
fluorophosphate to inhibit when added and removed 
before antigen addition implies that the antigen- 
activated enzyme is present in an inactive precursor 
form which, lke trypsinogen and chymotrypsinogen, 
is resistant to ditsopropylfluorophosphate’. 

The failure of trypsin substrates and the soy bean 
trypsin inhibitor to prevent anaphylactic release of 
histamine from sensitized guinea pig lung is consistent 
with the observation that soy bean trypsin inhihjtor 
fails to prevent the antigen-induced histamine release 
from sensitized rabbit blood’. 

It has been demonstrated that the first component 
of complement (C’1) is capable of exhibiting esterase 
activity against esters of arginine and tyrosine’, 
and is inhibited by ditsopropylfluorophosphate’ or 
sulphydryl-containing compounds like cysteine or 
reduced glutathione’. In our system esters of 
tyrosine are inhibitory, but esters of arginine or 
sulphydryl compounds are not; this suggests that 
CO’) is not directly involved. Tt has also been observed 
that immune hemolysis can be inhibited by sulphydryl 
compounds, esters of arginine and lysine, amides and 
esters of tyrosine, and peptides with a terminal 
aromatic amino-acid exhibiting a free carboxyl 
group", Although sulphydryl compounds and esters 
of arginine and lysine were not inhibitory in our 
system, esters of aromatic amino-acids or compounds 
ending with an aromatic amino-acid with a free 
carboxyl group were inhibitory. There is thus only 
partial correspondence between immune hemolysis 
and anaphylactic release of histamine. This would 
be most readily explained by the participation in 
anaphylaxis of a factor with a substrate specificity 
similar to that of one of the components of comple- 
ment. 


vans 2. COMPOUNDS WHICH INHIBIT THR ANAPHYLACTIO RwLBASE 
F HISTAMINE FROM OHOPPAD, SENSITIVED GUINKA Pra Luxe 


Minimal concentration 
ter 


o acid 
2-(p-Indole) propionic acid 
Itt, Monofunctional chymotrypsin 
tnhibitors 
Phenol 
Skatole 
Indole 


TY, esterase inhilntor 
A raei aima srdail 
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The fact that cysteine does not release histamine or 
enhance antigenic release of histamine suggests that 
the chymotrypsin-lke step is not & simple activation 
of the intracellular peptidase, cathepsin C ; further- 
more, cathepsin C is not inhibited by ditsopropyl- 
fluorophosphate'*, On the other hand, the chymo- 
trypsin-like activity which is exhibited by suspensions 
of isolated, intact mast cells from non-sensitized 
rats is different from cathepsin, O in that it does not 
require dipeptide substrates and is mbhibited by 
ditsopropylfluorophosphate’*. The participation of 
such a chymotrypsin-like enzyme in histamine release 
18 compatible with our findmgs. However, the rat 
mast cell activity was demonstrated without prior 
activation, by an antigen-antibody reaction. Thus, 
unless the enzyme was activated during isolation or 
assay, it follows that the rat mast cells do not contain 
the inactive precursor form which appears to exist 
in guinea pig lung tissue. 

The observation, that the anaphylactic release of 
histamine from sensitized guineas pig lung is prevented 
by chymotrypsin substrates and inhibitors but not 
by trypsin substrates and inhibitors umplies that 
activation of a chymotrypsin-like enzyme is a neces- 
sary condition for the anaphylactic release of hista- 
mine from guinea pig lung. It does not imply, 
however, that this alone is a sufficient condition. 
Indeed, since bifunctional chymotrypsin inhibitors 
are also effective carboxypeptidase inhibitors, enzymes 
of the latter group could also play a pert in the guinea 
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pig system studied. All our evidence is against a 
trypsin-like enzyme bemg involved and, contrary to 
previous reports“, trypsin (Armour  orystalline 
trypsin 1,600 ugm.jml. reaction mixture) did not 
release histamme from the blood-free tissue used 
in these expermments. Chymotrypsin (Armour crystal- 
line chymotrypsin 1,600 ygm./ml. reaction mixture) 
also failed to release significant quantities of hista- 
mine, but this simply means that extracellular 
chymotrypsin of pancreatic origin is not an adequate 
substitute for the antigen-activated chymotrypsin- 
like enzyme. 
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HERITABLE CHANGES IN LACTIC STREPTOCOCCI INDUCED BY 
PHYSICAL TREATMENTS 


By B. S. GOSSLING 
Research Laboratories of the General Electric Co., Ltd., Wembley, England 


YSIS of cultures of lactic streptococci by bac- 

teriophage was unexpectedly found to be 
prevented by a violent electrical treatment of the 
host alone, and this resistance was heritable. In 
further investigations other physical treatments wero 
similarly effective, and all treatments produced 
additional heritable changes, two of which were 
common to the whole surviving population. 

The strains of lactic streptococci used were all 

‘received by courtesy of Dr. A. A. Nichols of United 
Dairies, Lid., and had been selected for early and 
rapid production of lactic acid from milk. Each 
responded to a specific phage preparation provided 
with it. 

Six methods of treatment were used, though most 
of the work was done with the first and sixth to be 
described. 

(1) By strong pulses of ionic current as described 
in & previous communication! and shown m Fig. 1; 
the lethal effects of this can be ascribed to violent 
disturbances of the ionic double-layer at the surface 
of the organism. This was the treatment which first 
revealed the main effects. 

(2) Change of ionie environment’? following resus- 
pension in phosphate buffer of a deposit centrifuged 
from Ruinger’s solution, or vice versa ; the resulting 
sudden disturbance of the double-layer reproduces 
several of tho lethal effects of the more violent ionic 
currents?. 

(3) Irradiation with germicidal ultra-violet light. 


(4) Thermal shock by moderate rapid heating with 
& rise of 10-15 deg. C. in 5 sec. in a heat-exchanger, 
repeated 15 or 20 times after intermediate coolings. 

(5) Similar repeated heatmg in 1/50 sec. by 
1,500 o./s. alternating current, the small lethal effects 
of which are not electrical’. 

(6) Heating to a near-lethal temperature reached 
in 4 min. and thereafter held constant for 6-35 min. 
according to the strain used and to the Sovy 
desired. 

In spite of their variety, all these kinds of treat- 
ment produced substantially the same effects on, all 
strains tested, provided they were carried to a point 
where a considerable fraction had lost viability ; 
differences between strains were in degree and not in 
kind. 

Besides suppressing lysis, all the treatments 
caused other properties of the culture to change, 
all changes showing contimuously progressive de- 
velopment according to the amount or severity of 
the treatment. Most of the characteristic changes 
are illustrated in Figs. 1 and 2. 

Fig. 1 shows what can be learnt from turbidimetric 
growth curves’. The ‘control’ curve shows the growth 
of the untreated culture, and tho increasing mortality 
im the uninfected samples is indicated by the pro- 
gressive displacements of curves 1-6, curve 6 cor- 
responding to about 10 per cent survival. The 
‘infected control’ curve shows the lysis loss on 
infection, with a final rise which is the growth of 
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Fig. 1. Turbidimetric growth curves for Str. lactis strain MaS, 


after treatment by pulses of current. Samples taken at six stages 
of treatment in yeas broth with 1 8 msec. current 
pulses, 10 per stage, at 53 amp. per sq. cem., 18 6 KV. per om, 
that is, power-density 750 kW. per 0.0, ; temperature 8 d 


rise, eg. 
O. pers , annulled by cooling between stages. Control curves 


from the same culture untreated, curves 1-6 treated but un- 
infected, curves I-VI infected after treatment, curves 6 and VI 
are colncident. The points x x exemplify the log-phase growth 
of the 1/10 dilution of the control; hence curve 6 represents 
about 10 per cent survival (ref. 2) 
A near-lethal heat-treatment gave after 8 min. at 55° C. curves 
identical with curves 1 and I, and after 25 min. at 65° O., curves 
identical with curves 6 and VI 


the unlysable fraction, 1 in 5,000 by se | counts, 
of the culture. After the first stage, curve I, there is 
less lysis, after the second, curve II, scarcely any ; 
but with this strain, though not with some others, 
growth 1s delayed by infection and displacements of 
growth curves are the inverse of those of the un- 
infected until, after the sixth stage, infection has no 
effect. This phase of delayed growth does not imply 
loss of viability, for samples 2—6 give the same colony 
counts after infection as before. It was the obsorva- 
tion of a curve such as VI and lator of the coincidence 
of curves such as 6 and VI that initiated the work. 

The growth of the survivors in curve VI, some 
10 per cent of the original culture, greatly exceeds 
the after-growth of the infected control, leaving out 
of account probable mortality’ in the treated un- 
lysables, which have been identified as streptococcal. 
This excess is more clearly shown when survivals and 
the effects of infection are detormined by colony 
counts ; infection which only 0:02 per cent of the 
control survive has negligible effect on the 10 per 
cent of the culture which are viable after treatment. 

From these quantitative considerations, which are 
universally applicable to the results of exper:mments 
using all the methods of treatment, it is inferred that 
resistance to lysis has been induced im the entire 
surviving population and in their descendants, 
whether during the 7-hr. incubation of Fig. 1 or on 
the plates. This heritable change has been found to 
persist during as many as eighty subculturings of 
one strain, M,8, (Nichols). 
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Fig. 2, typical of all observed casos, shows by fall 
of pH the progressive changes in acid production 
from milk inoculated from over-night subcultures 
from the uninfected samples of Fig. 1: teste by 
titration or clotting time are concordant. The treat- 
ment itself, curves 1-6, causes a progressive slowing 
of acid production ; infection increases this greatly 
at first, but thereafter less and less until the coinci- 
dence of curves 6 and VI shows its effect to have 
vanished. Later subcultures, again up to 80, have 
yielded identical curves. One strain susceptible to 
two phages has had this response to both phages 
similarly modified by treatment. 

The complex process of spontaneous reproduction 
can apparently be interrupted without the simpler 
process of acid production being affected, for when 
tests immediately after treatment are compared with 
those after subculture, it is always found that mor- 
talities of well over 90 per cent in the first test do 
not prevent the production of just as much acid as 
does the restored fully viable population im the 
subculture. Again, revival of half the non-viables by 
visible light (after ultra-violet irradiation}, or by 
addition of sodium thioglycollate except after near- 
lethal heating, produces little or no more acid. 

The simultaneous disappearances of the slowing of 
acid production in all strains, Fig. 2, and of the delay 
in growth, Fig. 1, of some only, may represent sup- 
pression of non-lethal ‘reversible’ phage-attachments 
at different sites. Some sites for acid-slowing can be 
restored by subculture in presence of whey, autolytic 
producte, or even live organisms of the same strain, 
but not by those from a different strain. 

Acid production being a quantitative property, not 
‘all or nothing’ like lysis, the distributions of heritable 
changes in acid production among the population 
have been studied by the method of colony isolations. 

In. Figs. 3a, b and c, typical histograms show no 
great departures from homogeneity at all stages of a 
rather gentle heat treatment. Fig. 3b represents 
isolations after a first treatment in bulk of the culture 
which gave Fig. 3a. Further treatments followed, 
each of a culture from a single average isolation from 
the preceding. Fig. 3c shows tho histograms after 
the third treatment, the majority being then un- 
changed by infection. 

The compact groups of Fig. 3b havo moved as did 
the 5-hr. points for a bulk culture in curves 1 and I 
of Fig. 2, but there are no overlaps with the groups 
of Fig. 3a. This cannot be ascribed to selective 
elimination of all trace of representatives of the’ 
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untreated distribution: the mortality wes much too 
small for that. 

For the changes in acid production, the mference 
is again that the entire population, whether infected 
or uninfected, has exporienced continuous changes, 
the heritability of which is exemplified by the arrows 
below Fig. 3c after nine subcultures of a single 
isolation, supported by other cases of continued sub- 
culture of isolations from earlier stages of treatment. 

The comprahensiveness of the changes is supported 
by 198 untreated isolations, and by 106 treated, all 
showing similar compact distributions and displace- 
ments after treatment. The original objective of the 
isolations was to locate individuals the acid pro- 
duction of which was less seriously impaired, but in 
the event there was little promise of that. 

Many of the teste were made using 
colonies as the inocula. This was done to avoid any 
changes of the distributions during subculture. How- 
ever, when in a number of cases tests were repeated 
after a subculture, the difference in the results for 
each isolation was insignificant. 

It is common experience that the selected property 
of rapid production of acid is usually retained only if 
daily subculturing is not interrupted for more than 
two days. After freeze-drying it is also lost, but only 
transitorily, being restored after a few subculturings*. 
In contrast, the modifications induced in the degree 
of lysis and in acid production by the more drastic 
physical treatments described here are much moro 
persistent, and are found in all members of the 
surviving population, perhaps because propagation 
has been by binary fission‘. Since other properties 
besides these are also heritably affected, ıt would 
seem that these sensitive strains of lactic streptococci 
provide a field for the study of induced heritable 
changes which may prove to be of similar universal 
incidence. 

A detailed account of this work has been prepared 
for publication. 


 Gossling, Nature, 184, 1881 (1959). 

* Goashng, J. Appl. Bact., 21 (2), 220 (1958). 

t Nichols and Hoyle, J. Datry Rese., 16, 167 (1949). 
1 Hinshelwood, Nature, 178, 1261 (1966). 


INCREASE OF SETTLEMENT SIZE AND POPULATION SINCE 
| THE INCEPTION OF AGRICULTURE 


By Dr. MAX PETTERSSON 
Brunel College of Technology, London, W.3 


HE encampments of mesolithic food-gatherers 

commonly occupied no more than 500 m.?; and 
the first agricultural settlement was probably about 
that size. To-day, Greater London occupies more 
than 10° m.*. How has ‘maximum size of settlement’ 
varied, during the long period in between ? Some 
relevant data are assembled in Table 1. Most are 
from the late Prof. V. Gordon Childe. It will be seen 
that the criteria which he employs lead to estimates 
which are somewhat on the low side. The logarithms 
of the area of the largest of these settlements at each 
period (with asterisk) are plotted in Fig. 1. Hence 
during the proto-agricultural stage’, maximum settle- 
ment size has, as a first approximation, increased 
exponentially. Its doubling time is about 600 


years ; and there seems little doubt that this upsurge 
is primarily due to the inception and development of 
food-production, by farming. Since about a.p. 1600, 
however, in the scientific stage of social evolution’, 
maximum settlement area seems (Fig. 1) to have 
increased still more steeply. 

One may, of course, estimate the coefficient of 
correlation between maximum settlement size and 
time. For this purpose, the following points were 
used: Greater London, Greater Rome, Alexandria, 
Ninevah, Erech, Ur, Naqada, Merimde, Jericho, and 
a mesolithic camp as at 9000 B.c. A significant 
coefficient of + 0-96 was obtained, with P < 0-01. 

The inception of agriculture (sens. lat.), in the form 
of vegeculture*, may well have been effected by a 
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Table 1. 
Emphasis is.on the Largest settlements of each period, but a few 


Serene Ts 
settlements ao included to give perspective. The terms used in 


columns 8 and 9 are explained in the tex 





5 8 7 8 8] 19 
Area estimate Population estimate 
Log | Popula- Hence 
tion (in probable | Authority for area 
Area thous- Log Probabile class of or population 
(hectares) | sq.m.) | ands) pop. category | settlement 
0 05 2-7" [? 1-4] Clark 
(ref. 3, p. 197) 
[? 0-05] | [? 2-7] 0 025 14° power-1 | monopol | Goldschmidt 
fre 4, p. isi} 
{? 0-20) | [?3-3]* 0-1 Q* power-2 | dipol ref. 4, p. 191 
o. 0-05 2°7 00025) 14 power-1 | monopol 
2°48 4+4¢ [? 3]* power-3 | tripol Childe 
ref. 5, p. 36) 
2°48 4 -8 | tripol Tef. 6, p. 140 
12-1 51 ? power-4 |? tetrapol ref. ô, p. 141) 
12:1 5'i ? power-4 |? tetrapol ref. 6, p. 155 
60-7 5 24 4-4" power-4 | tetra ref. 7, p 94 
4-1 power-4 | tetrapol ref. 7, D. 94 
520 6°7* Power-5 | pentepol ref. 6, p. 1 } 
260 6:4 power-5 | pentapol ref. 7, p. 125 
2000 B 0. Ur, Iraq 89 59 ? power-5 |? tapol ref. 6, p. 155) 
1500-1000 B.c. | Mycenæ, Greece, 48 4:7 power-3 Eipol er 6, p. 46) 
wi wall power-8 | tripol 
1600-1000 B.0. | Mycens, Greater 79 5-0 (ref. 6, p. 48) 
1600-1000 8.0. | Troy VIL A, Turkey,| 72-7 4-4 Idoyd 
wi (ref. 8, p. 151) 
+ Iron 700-800 B.O. Ninsvah, Iraq T28 6 9* ? power-5 |? pentapol ar ee 
2 - 1, D- 184 
. 500-400 8.0 Athens, Greece 800 6°48" | ? power-5 ? pentapol ref. 7, aa 198 
100 8.0 Seleucia, mae 600 5-8* power- exapol . 7, p. 232 
100 8.0. gypt 890 6 9* ? power-6 |? hexapol Tef. 7, p. 232 
A.D. 200 Rome, Italy 1,240 71% power-8 | hexapol ref. 7, p. 262 
z A.D. 200 Rome, within 1,890 1 hexapol | Ĉar 
À wall f 9, p. 24) 
A.D, 200 Romn within toll 2,910 8 power-6 | hexapol ref, 9, p. 25) 
. cordon 
A.D, 200 Rome, Greater [° 3,000] | (2? 7°5]* | 1,200 6 1* power-6 | hexapol re 9, p. 31 
A.D, 200 London, U.K. 121. 6 p per) 
vate Ei P 262) 
A.D, 200 London, U.K. 181 Richmon 
(rer: 10, p. 74) 
A.D. 200 London, U.K. 20 48 power-4 | tetrapol 
ott: 11, p. 816) 
A.D, 200 Cirenceater, U.K. 101 60 power-4 | tetrapol Ds 5 sae 
r » D. 
" AD. 200 Caerwent, Mon., W.K. 17:8 53 ? power-8 |? tripol free 7, D. FA 
Scienttfica A.D. 1500 London, U.K. 75 49 power-5 | pentapol | Bindoff 
stage (ref. 12, p. 40 
A.D. 1750 London, U.K. 750 59 power-6 | hexapol | Carter and ~ 
ref. 13, p. 14) 
A.D. 1936 London, U K., E.C.O. | 30,800 8 5* 4,140 66 power-7 | heptapol ref. 18, p. 2 
A.D, 1981 London, Postal area 806 8-8" 6,410 6°83 power-7 | heptapol ref. 1 18, p. 2 
A.D. 1986 ~| London, Greater 179,000 9 3* 8,580 6 O* power-7 | heptapol ae 13, p. 2 
A.D. 1936 London, Metropolitan; 626,000 8* 110,010 70 power-7 | heptapol ref. 13, p. 2 
ô area 
A.D. 1955 Cirencester, U K. 11-7 41 power-4 | tetrapol er A; Handbook, 
‘a ` p 
7 A.D. 1955 Caerwont, Mon., 1 38 31 power-3 | tripol . AA Handbook, 
a m U.K. 1958, p. 74 


_hithorts. ‘megolithic group of only some 25 persons. 

iculture presumably arose in the parallelograms of 
“Wigs. and 2; and probably between 8,000 and 10,000 
B.O. 

The estimates of the populations of ancient settle- 
ments are still more tentative than those of their area. 
Even for modern settlements, regions and countries, 
we seem to need, for conceptual purposes, some more 
precise way of expressing the order of magnitude of 
their populations. Hence let any number between 
101-5 and 10*-* be regarded as a ‘power-3’ number, and 
so forth. (Compare pH and pF.) Then, with regard 
to their populations, the Vatican State or City and the 
village of Caerwent in Monmoutbshire are both power- 
. 3; while London and the Netherlands are both power- 
To _ Over a range of time, there is the notorious 
difficulty that what is called a city in one age would 
be called a town, or merely a village, in another. 


Hence let a ‘settlement of power-4-population’, such 
as Third Millenium Ur or Roman London, be regarded 
as a ‘tetrapol’, and so forth, as in Table 1. (Gr. 
polis, a city; and compare tetravalent and tetra-”- 
ploid.) ‘Power-3’ is a much wider category than 
‘about a thousand’; yet also a precise category. 
Due to this great width, or ‘height’, of category, far 
more than half the entries in columns 8 and 9 of 
Table 1 will be correct. For the proto-agricultural 
stage, though not for modern industrial society, 
column 7 entries can, very roughly, be obtained by 
subtracting 1-5 from those in column 5. But for the 
climatic zone containing the Near East’ it is an 
improvement to use 1-4, and for the more northerly 
zone!!! evidently 1-7 or go. 

An interesting by-product of this study is an 
elucidation of the status of Mycenm, the capital of 
‘King Agamemnon’, and of the Troy of ‘King Priam’ ` 
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‘ B.C, A.D. 
Time (th.) 
Fig 1. Logarithm of maximum settlement, agaist time, The 


levels and points plotted may be identified from Table 1, where 
they are marked by an asterisk. The two points for Rome have 
been linked, as also the four pointe for modern London 


and Homer's “Tliad’”’. Intramural Mycene and the 
famous Troy were—lke Caerwent, Aldeburgh and the 
Vatican City—both tripols. 

What is the commonest or modal settlement size at 
different periods? Data on England and Wales 
to-day are provided by the Automobile Association 
Handbook. Making allowance for conurbations, a 
sample of 300 settlements was grouped logarithmically 
according to population, and showed the following 
distribution of frequencies : 


Hexapols 1 per cont 
Pentapols 7 ” 
Tetrapola 25 ” 
tar TEPE 
Dipo 

Monopols ? 2} 28 a 


Thus the modal category is that centred at 10°; and 
the population of the modal settlement 1s rather less 
than the square root of that of the region’s largest. 
But a more exhaustive enumeration of smaller 
settlements might well take the mode down towards 
102-5. Hence in England and Wales at a.p. 1500, the 
modal settlement is likely to have had not more than 
some 102-3 inhabitants. But ın mesolithic times, the 
modal settlement seems likely to have had at least 
10-4 members‘. Thus throughout the long proto- 
agricultural period, the modal settlement population 
seems to have increased by a factor of only about 10. 
In contrast, maximum settlements have increased by 
a factor of about 10° (Figs. 1 and 2), and at a far 
greater rate than total population. 

A fairly firm estimate can be deduced for world 
population in a.D. 1500, being 10*-*, or about 350 
million’4. A tentative estimate of the population of 
mesolithic England and Wales is 10-5, or about 
3,250 (ref. 3, 1). The world population of food- 
gathering Homo sapiens at 10,000 8.0. will, clearly, be 
between these two limits. The world land area hap- 
pens to be 10? times that of England and Wales. 
Thus if England and Wales were an averagely popu- 
lated mesolithic habitat, the pre-agricultural world 
population would be about 10%%3 = 1065. On the 
other hand, if the proto-agricultural increase in total 
population were by 10%, or by about the square of 
increase in modal settlement, the world population 
at 10,000 3.0. would be 10%*-*; and thus also 108-5. 
Hence the population at 10,000 B.o. seems likely to 
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20 10 8 6 4 2 Q 2&8 
B.G. A.D. 
Time (th.) 


Fig. 2. Loganthm of „popniation, against time. Below, the levels | 

points plotted r to maximum settlements, and may be 

identifed from Table 1. Above, the probable course of world j 
population, little known before A.D. 1500 


have been somewhere between one million and ten 
million ; and Homo sapiens is almost certain to have 
been, at thet time, either a power-6 or power: To 
species (Fig. 2). 

The curve of world population in the upper part 
of Fig. 2 would scarcely be expected to be step-like, 
due to the relatively slow diffusion of cultural innova- 
tions from their centres of origm. For example, 
South Africa was still mesolithic at the time that 
Britain was neolithic and when Iraq and Egypt had 
many tetrapol cities. But the three main stages! 
may be characterized thus : 

(1) Food-gathering. In the half-milhon years up 
to 10,000 B.0., world population may possibly have 
increased overall by a factor of about 103, or less, 
correspondutg to a doubling tıme of at least 75,000 
years. 

(2) Proto-agricultural. From 10,000 »B.o. to 
A.D. 1600, world population probably increased over- 
all by a factor of about 10*, corresponding to a doub- 
lng time of about 1,730 years; and during this 
period, the maximum size of settlement increased 
by a factor of about 10°. 

(3) Early part of Scientific stage. From 1500 to 
1950, world population, increased overall by a factor 
of about 10°-"%, corresponding to a doubling time of. 
about 164 years. 

With regard to doubling time of population, the 
greater change is between (1) and (2), rather than 
(2) and (3). 
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LETTERS TO THE EDITORS 


RADIOASTRONOMY 


Roughness of the Moon as a Radar Reflector 


Tam early work on radar reflexions from the Moon 
was carried out at metre wave-lengths with long 
pulses or with continuous wave giving a returned 
signal which was the total scattering from the lunar 
surface. Measurements showed that apart from a 
long-period fading produced by Faraday rotation of 
the linearly polarized waves in passing through the 
10nosphere, the reflected signal also had a short-period 
amphiude modulation produced by lunar libration. 
If a frequency analysis is carried out on these more 
rapid fluctuations, the different frequency components 
can be related to the Doppler frequency from the 
various regions on the Moon’, and in this way Evans? 
indicated that most of the radiation was scattered 
from a central part of the optical disk of a radius 
only one-third of the lunar radius. More recently, 
with radars of higher peak power and usec. pulse- 
lengths, it has been possible to confirm this result 
by direct measurement over the wave-length range 
of at least 10 cm. to 1-5 m. (refs. 3-5). 

Senior and Siegel’ have attempted to explain the 
radar echo as due mainly to specular reflexions from 
four or five regions concentrated towards the centre 
of the Moon which have dimensions comparable to a 
Fresnel zone and which are smooth to a fraction of a 
wave-length. To account for the shape of the radar 
echo each of these regions would have to reflect a 
signal comparable in amplitude to the signal that 
would be reflected from a smooth sphere of diameter 
equal to that of the Moon, and the leadmg edge of 
the echo would then remain sensibly constant in 
amphtude. However, the amplitude of the leading 


edge of the Moon echo as measured in Malvern with a” 


5-usec. pulse-length shows no steady component but 
fluctuates in a random fashion with period clogely 
related to the Doppler fading; also, a comparison 
of the signal at the leading edge with that obtained 
by Yapleet using a 2-usec. pulse-length shows that 
the mean amplitude ıs proportional to the pulse- 
length and hence to the area of surface lumuinated. 
Furthor confirmation of the lack of single specular 
region from the near surface was obtained in a joint 


“experiment with Straiton and Tolbert of the Univer- 


sity of Texas’, who received the pulses tranamitted 
from Malvern,after reflexion from the Moon. In this 
case the mean amplitude of the echo showed a gradual 
increase reaching a maximum after a time corre- 
sponding to a distance of 7-6 km. from the start of 
the echo. If the lunar surface consists of a large 
number of small random scatterers such as would 
be the case of an irregular surface, the expected delay 
would be about 9 km., in reasonable agreement with 
the observations, especially as the small difference 
could be accounted for by the initial rise being lost 
in the noise-level. 

There 1s thus no evidence that the whole of the 
echo is due to componenta from a few large and 
comparatively smooth regions on the surface of the 
Moon, but rather that the echo is the result of scatter- 
ing from a rough surface such that many irregularities 
contribute. It may be assumed that the surface has 


vertical irregularities which are greater than & wavo- 
length and a horizontal scale which is considerably 
larger. If the scale of the regularities were to 
increase or their amplitude to decrease, the surface 
would become smoother and the resulting scattering 
would tend more towards specular. If the scale were 
smaller then the scattermg would become moro 
isotropic. This lattor type of surface would account 
for the nearly uniform scatiering that we see at optical 
wave-lengths, but in this case it ıs the microscopic 
variation in the surface with scales measured in 
microns or less that predominates. The intermediate 
case would appear to represent the behaviour of the 
lunar surface at radio wave-lengths. 

To determine the order of magnitude for the rough- 
ness, it was decided to measure more accurately the 
angular scattering properties of the lunar surface 
at the wave-length of 10 cem., using the 2-MW. radar 
transmitter ın the 45-ft. diameter radio telescope and 
& pulse-length of 5 psec, corresponding to a rango- 
resolution of 0:75 km. Since the area of the lunar 
surface illummated by the pulse at any one time is 
constant, the angular scattering law may be obtained 
by converting the distance travelled by the pulse after 
first contact with the Moon to angle of incidence at 
the surface. Because the maximum signal is only a 
few times greater than the noise-level, & ‘range gate’ 
was constructed which enables part of the echo to 
pass through an mtegrating stage; the range gate 
18 automatically swept across the echo and the output 
of the mtegrator is displayed on a recorder. The 
duration of the gate was 20 usec. and with an integra- 
tion time of 2 sec. it was possible to measure signals 
which were about 3 per cent of the noige-level. 

Thirty-one runs were obtained during the period 
November 27—December 11, and the mean of these, 
with corrections for finite width of the gate, shows a 
very close fit to an exponential law over a range of 
angles from about 3° to at least 14°. The ratio of the 
scattered power per unit surface area to the incident 
power flux, which we define as the effective scattering 
ares per unit surface area, 18 given by : 


o = o,exp{ — 10 6} 


where 6 is the angle of incidence and a, is about 0 7. 
This law of scattering 1s consistent with scattering 


from a rough surface which has irregularities much 


greater than a wave-length and a horizontal scale 
equivalent to about twenty times the vertical devia- 
tions. We can say that over representative areas of 
8,000 km.*, corresponding to the area of the Moon 
illuminated by a 5-usec. pulse, the slope would appear 
to have a random distribution with a root mean square 
value of about 1 in 20. It is of interest that if we 
compare the scattering law of the lunar surface with 
that for the Sea® a similar high directivity 1s observed, 
but the value of o, is of the order 10 to 100 depending 
on the state of the Sea. Since the dielectric constant 
of the Sea is high, and hence the reflectivity of the 
surface wil be close to unity, this would indicate 
that the reflectivity of the surface of the Moon lies 
between 10-? and 10-7. 

It may be possible to extend these results to the case 
of radar echoes from planets; but since the planets 
from which it is most likely that radar echoes can be 
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obtained, Venus, Mars and Jupiter, probably have 
surfaces of much higher dielectric constant than 
the Moon, the value of c, at normal incidence is 
expected to be greater by a factor of 10-100. On 
the other hand, c, may be modified if the scattering 
law is appreciably different from that of the Moon, 
or if there is appreciable absorption due to ionization 
in the atmosphere of the planet. The total scattering 
ares of the Moon, op, is given by integrating o over the 
whole of the surface and we get op = 1-4 x 10-*ra’, 
where a is the lunar radius. The total scattering 
area of a planet would then be approximately equal 
to the projected area. 

V. A. HUGHES 
Royal Radar Establishment, 
Malvern. 
? Browne, I. O., et al., Proe. Phys. Soc., 68, 901 (1958). 
t Eyans, J. V., Pree. Phys. S00., 70, 1105 (1957). 
* Trexler, J. H., Proe, Inst. Rad. Eng., 48, 286 (1958). 
t Yaplee, B. 8., et al., Proc. Inst. Rad. Eng., 48, 293 (1058). 
* Hy, J.°9., and Hughes, V. A., LA.U.—U.RS.1. Paris Sym osium 
n Badio Astronomy, 18 Creatori 1 University Preas, 1059). 
è sentor T. B. A., and Siegel, K. 31, LA.U.—U.R.8.1. Paris Sym- 
a a on o Astronomy, “29 (Stanford spent Press, 

Oa ee boratory, Rep. No. 5-88 (1050). 

* Grant, C. R., and Yaplee, B. 8., Proc. Inst, Rad. Eng., 45, 976 (1957). 


ASTROPHYSICS 


Solar Terrestrial Relationships 


THE proper formulation of a theory of propagation 
of disturbance from the Sun to Earth must rest upon 
knowledge of the magnetic field and material density 
of the intervening space. An interplanetary density, 
at the Karth’s orbit, of order 10* protons and electrons 
per cm.® has been frequently assumed for theoretical 
purposes. There is now growing evidence that the 
density is considerably lower than this. 

Recently, Sonett et al.t reported a rocket survey of 
the distant geomagnetic field carried out on a mag- 
netically quiet day, October 11, 1958. They reported 
an inverse cube variation of field-strength out to 
13-6 Earth radi, suggesting that at most the proton 
density in interplanetary space is 10* per om.*. 
However, disturbance recorded in the region 12-3- 
14-8 Earth radu may be explicable in terms of tang- 
lmg of the geomagnetic fleld with an interplanetary 
magnetic feld of order 104 gauss. In this case the 
estimate of 10* per om.? could be significantly reduced. 
Support for this view is found in the work of Block’, 
who considers that a solar magnetic field of 10-* 
gauss may exist in the vicinity of the Earth and that 
the proton density may be as low as 10-1 per cm.?. 

Pope’ recently determined from a study of whistlers 
an electron density of 80 per cm.’ at 4 Earth radii, 
decreasing steadily to 15 per om.*® at 5-8 Earth radii. 
This trend indicates lower values farther out. All- 
cock’s* distribution of electron density determined 
from whistler observations extrapolates to 5 electrons 
per om.’ at 5 Earth radii. Obayashi and Jacobs’ have 
inferred from micropulsation studies that the inter- 
planetary density may be of order 1 per om.’. 

Lyman « observations have led Kupperian eż al.* 
to a determination of between 15 and 46 protons per 
om. in interplanetary space, w. Shklovaky’ 
derives an upper limit of 200. The latter points 
out that we cannot be certain whether the scattered 
Lyman « arises chiefly in the Earth’s exosphere or in 
interplanetary space. 
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Considerable evidence then exists in favour of 
much lower proton densities m interplanetary space 
was commonly assumed. Should the inter- 
planetary density be as low as 1 proton per om.? and 
the resident magnetic field of order 10-4 gauss then 
hydromagnetic waves may be propagated from Sun 
to Earth all the time. It is just some such constant 
source of energy which is required to explain the 
quasi-permanence of ic disturbance and 
aurore in high latitudes. I have mitiated a theory®* 
of solar terrestrial relationships based upon such a 
model. Hydromagnetic waves traverse l a.g. of 
such & medium in about a day. 

One would expect the Earth to present a large 
capture cross-section to these waves (perhaps > 10 
Earth diameters), for on reaching the vicinity of the 
Earth where the Earth’s field is the same value as the 
interplanetary field, the waves may be guided down 
the geomagnetic field lines in the ordinary mode 
while suffering considerable refraction towards the 
Earth in the extraordinary mode. Moreover, these 
waves can cause corpuscular bombardment of the 
atmosphere’. In this way energy may be transmitted 
from the Sun to the Earth without actual transit of 
particles. Certainly the Earth may capture enough 
energy by this means to explain magnetic disturbance 
and aurore. Assuming & perturbation magnetic field 
of a fow gammas in interplanetary space, the Alfvén 
speed 10° cm. per sec. and a capture crogs-section of 
10 Earth diameters, then the rate of delivery of energy 
to the Earth is 10 ergs per sec. This is adequate 
to explain intense magnetic disturbance. 

I thank Dr. F. Jacka, chief physicist of this Division, 
for criticism. 
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K. D. Corm 
Antarctice Division, 
Department of External Affairs, 
Melbourne. 
1 Bonett, O. P., Judge, D. L., Sims, A. R., and Kelso, J. M., J. Geophys. 
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* Blook, L., Arkiv for Fysik, 14, 179 (1958). 
Final Rep. Contract Ea ete -1859, Geophysical 
University of Alaska 
+ Allcock, G. MoK., J. Atmos. Terr. Phys., 14, 185 (1959). 
* Obayashi, T., and eae J. å., aa J., 1, 53 (1958). 
* Kupperlen, fr Tan Byram, E. T., Ohubb, T. A., and Friedman, 
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? Shklovaky, = S., Planet. Space Sei., 1, 68 (1959). 
nooo E. Da Planet. Space Sci., 1, 319 (1959). A weaknees (not relovant 
to the above conmderations) in this paper is co in a sequel 
paper in preparation. 
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Secular and Periodic Motions of the 
Node of an Artificial Earth-Satellite - 


In a recent paper on the effect of the Harth’s 
oblateness on the orbit of a near satellite, King-Hele! 
mars an otherwise commendable presentation by 
abundant criticism of some earher papers on this 
subject by myself and collaborators’. Although 
King-Hele’s remarks were not so intended, his 
statements have had the effect of raising serious 
doubts about the validity of my early solutions and 
in particular about the usefulness of my approach 
to the problem of satellite orbit perturbations. 

The particular comments by King-Hele that give 
cause for concern are: ‘‘Furthermore, the solution 
given by Blitzer et al. would seem to be incorrect, 
since a term is omitted m the equations leading up 
to it. Correct or not, the solution is so lengthy that 
no progress can be made towards higher-order solu- 


June 11, 1960 


tions, and the rotation of the major axis is not 
obtained”. 

To set the record straight : (i) The solution referred 
to is quite correct, as a simple check against the 
differential equation would show. It so happens that 
a term in an intermediate step was inadvertently 
omitted—a mere typographical error. (ii) Concerning 
the rotation of the major axis, suffice it to say that 
this had been obtained and the result published‘ 
almost a year. prior to publication of King-Hele’s 
paper, which I now understand was written in 1957. 
(iii) I am glad to state that the extension of the 
method to include the higher-order terms proceeds 
in & direct and straightforward manner. Moreover, 
the procedure yields detailed information not only 
regarding the secular motions of the node and perigee 
but also for the periodic terms, including orbit molins- 
tion, major axis and eccentricity. 

Due to space limitations only the following expres- 
sion for the regression of the nodes (those points on 
the celestial sphere where the satellite crosses the 
equator) is presented at this time, because of its 
relevance to determination of the oblateness para- 
meters from satellite observations. 
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Here Ag is the difference in right ascension between 
two successive ascending nodes, J and D are the 
coefficients of the second- and fourth-order harmonics 
in the potential function for the oblate Earth’, R 
is the equatorial radius of the Earth, + ig the inclina- 
tion of the orbit to the equator, a and e are the semi- 


major axis and eccentricity of the osculating ellipse ` 


corresponding to the satellite at the node, and o is 
the argument of perigee (angular distance from the 
node to perigee). 

Note that: (1) The above expression is valid for 
arbitrary orbit inclination and eccentricity. (2) The 
linear term in J contributes only to the secular motion 
of the node. (3) The quadratic J*-term contributes a 
constant (secular) plus two periodic terms; one 
periodic term has the period of precession of perigee, 
the ‘other is.a smaller term with half the period of 
-perigee motion. (4) The D-term also contributes a 
` constant (secular) term plus a periodic term having 
half the period of perigee motion. (5) The secular 
contribution of the D-term is a regression of the nodes 
for orbit inclinations less than 49-1° (sin = 4/7) ; 
while for + > 49-1°, the nodes advance. However, 
this motion is overshadowed by the dominant 
J -term. 

It is of interest to calculate the magnitudes of the 
secular and periodic terms for satellite 195882 


(Vanguard I). On the basis of the following datas,” : 
(a/R) = 1-3603; + = 34:26°; e {= 0-1896; J = 
1:6232 x 10-37; D = 0-885 = 105; we find the 


separate contributions of the J and D terms to be: 
Ap (deg.jrev.) = (0-281 — 2:79 x 10-* cos w + 

1-79 x 10-° cos 2); + 

(3-58 x 10-* — 5-37 x I0 cos 20)p. 
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The dominance of the linear (secular) term in J is 
quite evident. ; 
LEON BLITZER 
Department of Physics, 
University of Arizona, 
Tucson, Arizona. 
1 King-Hole, D. G., Proe. Roy. Soc., A, 247, 49 (1958). 
a Blitzer, L, Weisfeld, M., and Wheelon, A. D., J. App. Phys., 27, 1141 
3 Blitzer, I., and Wheelon, A. D., J. App. Phys., 28, 270 (1957). 
‘Blitzer, L., J. App. Phyt., 28 1862 (1957). 
+ Jeffreys, H., “The Earth”, fourth edit, chapter 4 (Camb. Univ. 
Prees, 1959). 
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t Orbital data as issned by NASA on Jan. 20, 1960. 
ia of J and D from Lesar, Sorenson and Eokels, J. Geophys. 
Res., 64, 209 (1959). 


Pror. Burrzze has, I fear, misinterpreted my 
comments on his . First, I am glad to know 
that his solution for radial distance was correct. 
When I found the error in the intermediate equation, 
it did not seem worth carrying on with checking the 
analysis, which was extremely lengthy. I° made 
it clear that my doubts about the correctness of the 
solution were based solely on the error in the inter- 
mediate equation. I then went on to say, “the 
solution is so lengthy that 
no progress can be made 
towards higher-order solu- 
tions, and the rotation of 
the major axis is not ob- 
tained’. Here I was not 
making & prophecy but 
only a statement of fact: 
in the papers I was referring 
to, there was no progress 
towards a higher-order solu- 
tion, and the rotation of the 
major axis was not obtained. My statement was 
therefore correct. Next, as is clearly stated on its 
second page, my paper was “sa shortened version of a 
Ministry of Supply report issued in October 1957”, 
and was written in the summer of 1957. It is there- 
fore scarcely surprising that I made no reference to 
the paper (his ref. 4) by Prof. Blitzer, which was not 
published until November 1957. 

Finally, Prof. Blitzer may be glad to know that 
I believe his equation for Ap is correct, if osculating 
elements are used, since it agrees with results obtained 
by other authors. 

D. G. Kine-Hais 

Royal Airoraft Establishment, 

Farnborough, Hants. 


PHYSICS 


Reduced Temperatures for Nucleation in 
Supercooled Liquids 


Tam various methods available for detecting a 
phase change may depend on spontaneous nucleation- 
rates which differ greatly in magnitude. Thus 
although, as nucleation theory shows, critical condi- 
tions for the threshold of change may be much the 
same for methods of widely different sensitivity they 
are nevertheless quite arbitrary. It therefore seems 
particularly interesting that critical supercoolings 6 
for droplets of molten metals and molecular liquids 
are roughly proportional to the absolute melting 
temperatures Ty (refs. 1, 2, and 3). Thus where 
T, = Ty — 9 ig the threshold these results 
indicate a value of about 0-8 for the reduced tempera- 
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1% Threshold of nucleation in supercooled k 
compounds (Staveley et al., refs. 2 and 8); 
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and Cech, ref. 1, and aT re ball 


ture O = 7,/T;. Recent results for alkali halides*.5 
show that for these compounds @ ~ 0-85. In all 
these experiments the observation time was about 
10 sec. irrespective of drop size. Collectively the 
results indicate a value of O close to 0:82 (Fig. 1). 

The parallelism between T, and Ty, which extends 
over a very large range of temperature, does not 
seem to have been previously noted. It suggests 
some underlying connexion between the irreversible 
transformation of liquid to solid at the freezing 
point and the steble co-existence of these phases 
at the melting point. The value 6 = 0-82 refers to 
the quite arbitrary limitations of present methods of 
observing nucleation. It therefore appears likely 
that © will be constant at any given nucleation-rate. 

In view of current interest in the problem of liquid 
structure it seems important to pomt out that the 
constancy of 8 also shows that the sizes of crystal 
nuclei, as measured by the number of molecules g* 
comprising them, are the same to within an order of 
magnitude for all the compounds examined.’ The 
specific rate of nucleation in supercooled liquids may 
be written® : 

J = Kexp(— AD*/kT) sec. om? 


where A®* is the free energy of nucleation and K 18 a 
factor which is relatively insensitive to temperature 
for liquids which do not form glasses. By specifying 
the rate J the values of both @ and A®*/kT aro 
determined for any such liquid. For the nucloation 
threshold, therefore : 


AO*/kT, = eh ae Cz (a constant) ; 
= ¢;0k y 


Assuming that a ite nucleus 18 adequately 
described by a simple model of the Volmer type’: 


* = 2AD*/Ad 


where At) is the decrease of free energy per bulk mole- 
cule. By means of the relation‘ : 


NAb = OAS; 


where AS; is the molar entropy of fusion, the follow- 
ing expression is obtained for the number of molecules 
in the threshold nucleus : 


* = 20,R6/[(1 ~ 6) AS;) 
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As c, is roughly 60 (refs. 2, 4 and 8) a rule of thumb 
18 : 
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ge" Cor 1,000/ AS; 


Metallic nucle: contain 200-400 atoms, while for 
molecular compounds g,* is mostly less than 200. 
Previous estimates of g,* for alkah halides‘ were baged 
on inadequate fusion data. Recent determinations*® 
of entropies of fusion show that the nuclei contain 
about 300 ions. 

E. R. BUOKLE 


Department of Chemical Engineermg, 
Imperial College of Science and Technology, 
London, 8.W.7. 
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worths, London, 1955). 


*arnbull, D., J. App. Phys., 21, 1022 (1950). 
* Dworkin, A. B., and Bredig, M. A, J. Phys. Chom., 64, 269 (1960). 


Self-Quenching Geiger Counters containing 
Mixtures of Permanent Gases 


In a recent communication, Collmson, Demetso- 
poullos, Dennis and Zarzycki! refer to a paper of 
mine’ as negating the earlier work of Shore’. 

My paper, it is true, reports the failure of a mixture 
composed according to Shore’s prescription, but it 
also states that xenon—oxygen fillings worked very 
well if a low oxygen content was chosen. Besides 
that, the paper says that no harm was done even by 
& continuous discharge, running for 1 hr. at 50 yamp. 
The startling quenching mechanism was explained 
by me as due to a certain resonance phenomenon, 
which had „been found by the spectroscopists‘ and 
which occurs at very low oxygen contents only. 

Perhaps the addition of nitrogen or argon results 
in a stil unknown, but no less effectual mechanism, 
even at higher oxygen contents. Only by ‘burning 
out’ in & continuous discharge, however, can it be 
certain that no unintentional admixture of other 
gases or vapours provokes self-quenching behaviour 
in apparently pure permanent gases, as discovered by 
Bosch, 


OSWALD RIEDEL 


Badische Anilin- und Soda-Fabnk AG., 
Ludwigshafen a. Rh., 
Germany. 
+ Collinson, A. J. L , Demetsopoullos, I. 0., Dennis, J. A., and Zarzyck! 
J. M, Nature, 185, 869 (1960). 
1 Riedel, O., Z. Naturforsch., 5, a, 881 (1050). 
“Shore, Ln Gh, Rev, Sci, Instr., 20, 956 (1949) 
f Kenty, O., Alcher, I. O., Noel, B. B., Pomtsky, A., and Paolino, V., 
Phys. Rev., 69, 38 (1947). 
* Bosch, C., dnn. Physik, 19, 65 (1934). 


Wr feel that the xenon-oxygen phenomenon 
referred to by Dr. Riedel, although interesting, is 
only of importance in mixtures where xenon is the 
mein gas. While such an effect is possibly a small 
contributory factor in the quenching mechanism 
of the argon—xenon—oxygen—nitrogen mixtures which 
we have investigated, our results show that the 
important mechanism is the interaction of xenon with 
argon metastable states. 
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It is most unlikely that the behaviour of these 
mixtures could be accounted for, as Dr. Riedel 
suggests, by the unintentional mtroduction of some 
other gas or vapour. This was shown by the constancy 
of the starting voltages of the counter even after 
many hours of continuous discharge. One counter in 
particular was run steadily for two months, recording 
10* counts and operated in continuous disc for 
about 30 min. each day. At the end of this period the 
starting voltage was unaltered, although the plateau 
length was increased. 

We consider that Dr. Riedel’s lack of success in 
obtaming Geiger counting regions with the Shore 
mixture can be attributed to the choice of cathode, 
namely, aluminium, and to the use of bard rubber 
in the construction of the counter, which precluded 
the possibilty of baking, etc., during evacuation. 

A. J. L. COLLINSON 
I. C. DEMETSOPOULLOS 
J. A. DENNIS 
J. M. Zarnzyoxr 
The Borough Polytechnic, 
London, 8.E.1. 
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MINERALOGY 


A Regular Mixed-Layer Chlorite— 
° Vermiculite Mineral 


Various mixed-layer clay minerals have been 
reported in many publications. So far as the structure 
is concerned, the main interest m this fleld of in- 
vestigations has been in examining the way of stack- 
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Fig. 1. Diffractometer traces at various temperatures 


from the 14-8 Å. phase (fully hydrated), through the 
13-6 Å. and 11:6A. phases, finally to the 9-1A. 


ing in the direction along the perpendicular to the phase. Therefore, one may predict that heating of 
layer, and the order-disorder problem involved in this mineral at 300° C. might result in the formation 
these minerals has only been discussed in terms of of a random mixed-layer lattice with the components 
the variations of X-ray basal reflexions. of 26A. (14-4 + 11:6) and 23-5A. (14-4 + 9-1) 

The present work has been undertaken for a regular layers. Of this mineral, however, è striking feature 
mixed-layer chlorite—vermiculite mineral with two is that this is not the case. The close exammation of 
main objectives in view: (1) to examine the change the line profiles at 6-8° and 10-13° in 20 with copper 
in basal reflexions in the course of dehydration ;, Ke radiation shows that there is a tendency for 
(2) to clarify the regularity of stacking parallel to`: crystallites to segregate into two parts, namely, 
tho layer, which is shown by the presence of reflexions the 26 Å. and 23:5 Å. phases respectively. Further 


other than the (001)’s. 

A regular mixed-layer mineral was found in the 
alteration zone of mudstone belonging to a tertiary 
bed in Noto Peninsula, Japan, and its pure specimen 
was obtained by elutriating the crude clay. In view 
of the complexity of X-ray diffraction pattern of the 
mineral, two different specimens were provided for 
its X-ray examinations. The bagal reflexions of the 
mineral were oxamined without ambiguity by using 
a completely oriented specimen which was obtained by 
the sedimentation method. The 29-2A. reflexion 
and the presence of the rational sequence of its higher- 
order reflexions indicate that the mineral is of regular 
mixed-layer type. A randomly oriented specimen 
yielded diffraction peaks nding to the (020), 
(202), (182) and (060) reflexions. The chemical com- 
position, differential thermal analysis curve and 
d-spacing of the (060)—1-53 A.—strongly suggest 
that the mineral is made up of the chlorite and 
vermiculite layers rather than the chlorite-mont- 
morillonite. 

By means of an X-ray diffractometer with a 
heating furnace, measurements were made of the 
changes in the diffraction lines when the specimens 
were subjected to heat treatment. As has been 
described by Walker’, the dehydration process of 
vermiculite 1s somewhat complicated. It proceeds 


heating to 500°C. brings about a monophase again 
with the layer thickness of about 24 A. 

The evidence for a three-dimensional order m this 
mineral rests largely on the presence of diffraction 
peaks ranging from 30° to 40°. These reflexions are 
not observed in the diffraction pattern of the oriented 
specimen and are tentatively indexed as (201) and 
(132). The changes which occurred in the position 
and intensity of these reflexions on heating are 
shown in Fig. 1 together with the (060) reflexion. 
An expansion of the b-periodicity upon heating can 
be seen. It is not certain whether the expansion is 
merely due to the thermal vibration of atoms or to 
some structural change within the leyer. Judging 
by the change in intensities of the (201) and (131) re- 
floxions, however, we are inclined to think that the 
migration of atoms and the decrease m the degree 
of distortion of the silica-layer on heating would 
give rise to the lattice expansion of the layer. 

The shrinkage in the c-periodicity would move the 
positions of the (20) and (132) reflexions toward 
the higher-angle side, whereas the expansion of the 
layer would result ın the displacement of these 
reflexions toward the lower-angle side. In view of 
the small number of reflexions, little can be said 
concerning the indices of these reflexions or of the 
detailed structure of the mineral. 
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A detailed description of this work will be given 

in the near future. 

M. NAKAHIRA 
Department of Mineralogy, 
Faculty of Science, 
University of Tokyo, 
Hongo, Tokyo. 

S. SUGIURA 

Department of Geology and Mineralogy, 

University of Kanazawa, 
Kanazawa 
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RADIATION CHEMISTRY 


Use of Nitrous Oxide to discriminate 

between the Forms of Hydrogen Atoms 

(H° and H,* 2?) produced by y-lrradiation 
of Aqueous Solutions 


In 1958 Proskurnin and Chernova! reported that 
G(Fe**) for oxygen-free solutions of ferrous sulphate 
saturated with nitrous oxide in 0-8 N sulphuric acid 
irradiated with cobalt-60 y-rays has a value of between 
12 and 13 which depends on the concentration of 
ferrous ion. This is larger than the value of 8:2 
obtamed for completely degassed solutions? and. 
Proskurnin and Chernova suggested that the difference 
might be due to the occurrence of reactions (1) and 
(2): 

NNO + H — NNOH (1) 
NNOH + Fe* — N, + OH- + Fe* (2) 


However, since every hydrogen atom generated in & 
completely degassed solution of ferrous sulphate in 
0-8 N sulphuric acid always oxidizes a ferrous ion 
according to reaction (3a) or (36) or to the reaction 
sequence (3e): 


H + Fe* . H,O > H, + Fe* + CH- (3a) 
H + Ht + Fe* > H, + Fe* (36) 
H + H+—H,*; H,t + Fe*— H, + Fe* (3c) 


it is not clear why the presence of nitrous oxide should 
have any effect on G(Fe*). 

In order to clarify the situation and because 
reaction (1) may in fact be (4): 


N,O +H-N, + 0H (4) 


and thus provide a much-needed ready means of 
converting hydrogen atoms into hydroxyl radicals, 
we have undertaken a more detailed investigation 
of the radiation chemistry of aqueous solutions con- 
taining nitrous oxide. Some of the results for 
ferrous sulphate solutions are shown in Table 1, from 
which it is evident that: (a) G(Fe*) has the gamo 
value in the deaerated nitrous oxide-containing 
solution as in a nitrous oxide-free solution; (b) the 
total gas yield is the same in both systems and 
equal to Gy, + Ga; (c) in the nitrous oxide-contain- 
ing system some nitrogen is always produced and the 
Table 1. y-HRAY YIELDS IN OXYGEN-FREM, NITROUS OXIDE-CON- 
TAINING ACIDIFIRED MM FHRROUS SULPHATE SOLUTION 
Dose-rate = 1 05 x 10" eV. mL! min? 


7 [N20] GH) GN) ŒH) + Na) Gite) 
0 45* 6 4-15 6 4-15 8-1 
0-45" ~~ 0-01 MW 3-60 0-52 4°12 8-1 
1:36 z$ 2 08 0 94 8-02 7'8 
1-80 = 2-80 1 02 8-82 T-T 
2:238 1-76 1-88 8-59 71 
3 30 Ty) 0 57 2 $1 3'18 6 ‘2 


* 0-8 N sulphuric aoid solution. 
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Fig. 1. 

solutions of nitrous oxid 

PRO = 3805 mm. mercury; dose- 

mint; pH varied by vaddition of sulphuric acid or godinm 
hydroxide 


GON.) as a funotion of pH for cobait-60 aietara 
e m pure water af room tempera 
rate = 1 05 x 10** eV. aaa 


ratio G(N,)/G(H,) increases slightly as the pH is 
increased to 2 and then rises sharply with further 
increase of pH. 

Result (a) indicates that reaction (5) does not 
occur, a conclusion which we have verified by a simdy 
of the effect of N,O on the stoichiometry of the 
Fenton reaction : 


All the results require that a large fraction, but by no 
means all, of those species which in acid solution 
oxidize ferrous ion according to (3) are intapable of 
reacting with nitrous oxide at pH < 2, but become 
able to do so according to reaction (1) or (4) at pH > 
2-3. To test this hypothesis we have measured 
G(H,), (N), G(O,) and G(H,0,) for solutions of 
nitrous oxjde in pure water over a wide range of 
pH. The variation of G(N,) with pH is shown in 


Fig. 1. 


The value of G(N,) at pH > 2-7 is that expected 
on the hypothesis that all the available hydrogen 
atoms or their stoichiometrical equivalents are 
scavenged by nitrous oxide in a reaction in which 
1 mole of nitrogen appears for every mole of hydrogen 
atoms so scavenged, for example, by reaction (4). 
Below this pH, G(N,) falls sharply because a large 
proportion of these ies reacts with acid and is 
thereby rendered incapable of reducing nitrous oxide. 
We consider this fraction to consist of hydrogen atoms 
which in their protonated form (H,*) are incapable of 
reacting with nitrous oxide and for which pK,(H,*) ~ 
2-3 


The fact that G(N,) does not become zero in solu- 
tions containing nitrous oxide at pH < 2 is especially 
significant, and we interpret this as evidence for the 
possible existence of two different species of H atom 
or H atom precursor, only one of which is capable of 
reducing nitrous oxide in this low pH range. At 
present we are unable to say whether the form 
reactive to nitrous oxide is a solvated electron 
(@-ag.) or some other entity such as an excited water 
molecule. The existence of more than one form of 
hydrogen atom has been postulated by several groups 
of workers, but nitrous oxide affords perhaps the 
clearest evidence for this and the related ionic 
equilibria. A more detailed account of this and 
related work will be published elsewhere. 
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Use of Nitrous Oxide to discriminate 
between Various Forms of Hydrogen Atoms 
existing in Aqueous Solutions of Potassium 

lodide irradiated with Ultra-violet Light 


DEAHRATED, acidified, aqueous solutions of potas- 
sium jodide decompose to form equimolar amounts 
of hydrogen and iodme under the influence of light 
of wave-length less than 2600 A. which is absorbed 
by the hydrated iodide ion (Iag.). The quantum 
yield is small, but increases with increasing iodide 
and hydrion concentration. A postulated cause! of 
the effect of pH on the quantum yield is that hydrogen 
atoms found in the primary act can be protonated to 
fofm ethe hydrogen molecule 10n, H,*, which will 
oxidize iodide ions in the reaction (1), whereas 
hydrogen atoms serve only to reduce iodine atoms 
and molecules. In the preceding communication® it 
was shown that nitrous oxide is inert to H,*, but 
reacts rapidly with hydrogen atoms most probably 
according to equation (8), and that pK,(H,*) ~ 2-3: 


Hy +H, +I (1) 
H +1-— HI (2a) 
H + I,— HI +I (2b) 

H + N0 — N, + OH . (3) 


Therefore, if solutions of potassium iodide saturated 
with nitrous oxide are irradiated with ultra-violet 
light it would be expected that little or no nitrogen 
would be produced until the pH of the solution 
exceeded 2, when reaction (3) becomes possible and 
o(N,) should increase steeply to a limiting value 
which would be the true primary quantum yield of the 
iodide photolysis. The hydroxyl radicals liberated in 
reaction (3) will oxidize 1odide ions very rapidly 
according to equation (4): 

OH +1I-—0OH-+I (4) 


We have recently measured the quantum yields of 
formation of hydrogen, nitrogen and iodine for this 
system over a wide range of pH, and the results, which 
are shown in Fig. 1, entirely confirm these predictions. 
It will be noticed that 9(N,) remains constant at 
0-16 over the pH range 3-11 and therefore whatever 
forms hydrogen atoms assume in strong alkali, for 
exemple, 6g, or H,O-, also react rapidly with 
nitrous oxide ın & reaction which is stoichiometrically 
equivalent to reaction (3). 

As the pH is decreased below 3, o{N,) diminishes 
rapidly and ultimately becomes zero, whereas ọ(H,) 
increages steadily to a value which in ~ 2 N sulphuric 
acid approaches the primary quantum yield, and 9(I,) 
passes through a minimum value but is always 
equal to o(H,) + 9(N,). These and related results, 
in particular the observation that, contrary to the 
predictions of the Rigg and- Weisa mechanism, 
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Hb ee mathe ca PCs) | a i Ns) ¢ of aqucons son salutions of po 


276 M; P =a 
810 mm, mercury ; pti, i intensity = 27 5 x T0% quanta 
am. gs0. 1 ın wave-length range 2000-2600 A. pH varied by 

addition of sulphuric acid or potasstum hydroxide 

p(H,) and g(1,) for deaerated iodide solutions are 

independent of the light intensity, have led us to the 

view that the mechanism of the photolysis .of de- 
aerated iodide solutions more nearly approaches the 
following than any of those hitherto published!: 


Iag. — Dag. * (electronically 
excited aquated iodide 10n) 
Iag. * — Dag. (degradation) 
Iag. * + D Iy + OH +H 
H + Ht omer Hy 
gt > H -$ H+ 
Ht +Ir— H, +1; (9) 
H + Iy — Ht + 2I- (10) 
Further details of these and related experiments 
will be published elsewhere. One of us (S. A.58.) is 
vindebted to the Distillers Co. for financial help. 
F. 8. Darnton 
S. A. SLS 
Department of Physical Chemistry, 
The University, Leeds 2. 


1 Rigg and Welss, J. Cham. Soo., 4198 (1963). 
*Dainton and Peterson, Nature, 188, 878 (1960). 


(4) 
(5) 
(6) 
(7) 
(8) 


CHEMISTRY 


A Reversible Nitrate Electrode 


FoLtLowine some earlier work in this Laboratory, 
a number of electrodes have been constructed which 
are capable of displaying a more or less reproducible 
nitrate function. The electrodes are of interest in 
that they make possible the determination of nitrates 
by potentiometric methods. 

To make the electrodes, a slightly lumpy (4-1 mm.) 
sample of powdered zino fluoride was made up to a 
viscous paste with ‘Diskon’ plastic (Imperial Chemical 
Industries, Ltd.) in chloroform, and coated on to a 
zine rod (5 mm. diam.), such that several fragments 
of the salt were in contact both with the zinc core and 
with the surrounding solution. The electrodes were 
‘aged’ by standing in 0:4 M calcium nitrate solution 
for 1-7 days. 

The gelatinous coating of a basic zinc salt produced 
on the hydrolysis of the fluoride is apparently able to 
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Fig. 1. Electrode potentials, relative to saturated calomel 
Pare in solutions of calcium and potassium nitrates 
, Calcium nitrate (four series) ; 5 Q,» calcium nitrate + 0 0025 M 
cotasatani nitrate (two c6 calcium nitrate + 0'025 M 


potassi um trate (one series) 

displey an electrode function for the anion of the 
solution in which the electrode has been aged. Fig. ] 
shows the electrode potentials in solutions of calcium 
and potassium nitrate, relative to saturated calomel, 
of such an electrode after it had been aged for 12 hr. 
in 0:4 M calcium nitrate solution. This particular 
electrode has been aged first in 0-1 M calcium chloride 
solution, following which it showed a reversible 
chloride function. Chloride ageing is not necessary 
for an electrode to show a nitrate function. Stable 
potentials were achieved after 15 min. provided that 
the air/solution interface on the electrode surface was 
protected by a coating of impermeable plastic. No 
electrode function was shown in nitrate solutions of 
concentrations less than 0-001 M. 

This work was carried out during the tenure of an 
Agricultural Research Council Postgraduate Student- 


sa P. H. T. Brorzrr 
Soil Science Laboratory, 
Department of Agriculture, 
Oxford. 


Heats and Entropies of Reaction of 
Transition Metal lons with Ethylenedia mine 


Tus heats of formation of complexes between 
ligands and metal ions are very important to further 
the ligand field-theory and check its implications. 
Until now, only the heats of hydration of the firat 
transition group tons have been used for this purpose! 
as the thermochemical data on the complexes 
formed by ligands other than water are very meom- 
plete. The transition metal complexes of ethylene- 
diamine, which have a very nearly octahedral con- 
figuration, could also be frurtfully studied in terms 
of ligand field-theory. Unfortunately only the 
thermal data on nickel (IT), copper (IT) and zine (11) 
complexes are known’, and so the formation constants 
have been used instead of the values of enthalpy 
changes, with the optimustic assumption that the 
entropy changes remain constant}.?. 
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For this reason we have measured calorimetrically 
under similar conditions the heats of the stepwise 
formation of the ethylenediamme complexes of 
manganese (LL), iron (11), cobalt (I1), which are easily 
oxidized, as well ag of nickel (IL) and zine (11). Copper 
was not taken into consideration since, because of 
the Jahn-Teller effect, the ligand field stabilization 
energy 18 difficult to estumate. Moreover, the third 
molecule of ethylenediamine is probably bound to 
the metal through only one nitrogen atom‘. 

The calorimetric measurements were carried out 
using a calorimeter similar to that described by 
Davies, Singer and Staveley**. The systems investi- 
gated were 2-5 x 10-* M in metal sulphate and 1 M 
in potassium chloride. In the case of manganese, 
iron and cobalt, oxidation was prevented by bubbling 
nitrogen slowly through the calorimetric liquid during 
the measurements. The actual ionic composition of 
the solution was caloulated from a knowledge of the 
stability constants’, The values of AH,, AH,., and 
AH,.., were obtained by combining the results of 
the measurements made at three different A values. 
For the measurements at low fñ values, the solutions 
were buffered with hydrochloric acid in order_to 
prevent the precipitation of basic salts. Expermmental 
conditions made it necessary for us to correct the 
heats of reaction for the side reactions: 


2enH* = en + enHj+ and 
en + H,O = en +*OH- 


The heats of reaction have been combined with 
the known free-energy changes to obtain the entropy 
c : 
Table 1 gives the values of AH, AF and AS at 
25° for the formation of mono-, di- and éris-ethylene- 
diamme complexes. The values of AH,, AH,-, and 
AH,., are roughly in the ratio 1:2:3, that is, 
AH, w AH, w AH,. This confirms Poulsen and 
Bjerrum’s statemont*> that such a ratio is to be 
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Fig. 1. Heats of formation of metal(I),8en complexes plotted 
against atomic n r 
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Table 1. THERMODYNAMIO PuNcTIONS FOR SOME MaralsiT)- 
MNHDIAMINE SYSTHMS Ix 1 M POTASSIUM CHLORIDE AT 25° 
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Mn++ Fert 
AH: 2°80 5-05 
— Ha 8 00 10 40 
ARa 11 06 16°85 
(kcal/mole) 
= AP; 3°75 5-96 
—AF is 6 65 10-45 
AF, 7 90 18 25 
(keaL fmole) 
AS, +32 +2 9 
ASit +22 +0 2 
Asima —10-5 8 7 
{e,u.) 


expected for all normal complexes, that 1s, complexes 
free from steric strains and which undergo no change 
in multiplicity during stepwise complex formation. 
Only in the case of manganese is the AH, value very 
much higher than either AH, or AH, In Fig. I the 
experimental AH, , values (upper line) as well as 
the corrected values for the ligand-field stabiliza- 
tion energy (lower line) are plotted against the 
atomic number of the metal. The AH,-s oryst. COT- 
rections were calculated according to the formula : 


AH ,-3 oyst. = (4n: — 6ny) (Dae H,O — Das en) 


Z The corrected values all lie above the straight line 
joinfug manganese to zine. Therefore the hypothesis 
according to which the corrected values for the 
ligand-field stabilization energy vary linearly with 
atomic number? is not verified in this case. 

A more detailed account of this work will be 
published elsewhere. 


M. CIrAMPOLINI 
P. PAOLETTI 
L. SAOCONI 
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Molecular Quadrupole Moment of Nitric 
Oxide 
Tr is known that nitric oxide is an interesting case 
of a three-electron bond. Taking the z-axis along the 
line of centres, the isolated atoms may be described 
as : 


N (1e)* (28)? (2pz) (Apy) (2Pz) 
O (1s)? (28)" (2pz) (2py) (2Ps)* 


The molecular orbital description of the molecule is 
then! ; 


NO KK (2ex)* (280)* (a2p2)" (n2py)* (w2p,)* (w* 2p) 


The two electrons in the MO (¢2p,) form a c bond, the 
four in (w2py),:(72p,)—-degenerate orbitale—form m 
bonds, whereas the remaining single electron m 
(x*2p,) is antibonding. 
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The quadrupole moment QmoL due to the charge 
distribution of the nuclei and electrons may be 
defined? as: 


CS afff wo2(3 co8*09,-1)d7 (1) 


where w is an element of charge (electron or nucleus), 
e is the distance of the charge from the mass centre 
and 9; is the angle between the internuclear axis and 
Pi-Qmo. may be treated as a sum of contributions 
due to the charge distribution of the nuclei N, O( =Q,) 
and the electrons (= Q,). 

The following assumptions are made in the cal- 
culations: (1) The mass centre of the system is 
located at the midpoint of the internuclear line 
nitric oxide. (2) The bond N—O is of a pure covalent 
type with no hybridization on N or O atoms. (3) The 
molecular orbitels are represented by combinations of 
Slater type atomic orbitals with suitable scréening 
constants for Nand O. The contribution of the slight 
non-orthogonality of the molecular orbitals is 
negligible’. (4) The exchange quadrupole contribu- 
tions are negligible’. 

Since the four electrons in spherical s shells cancel 
four units of the nuclear contribution in both N and 


O, we have: 
TORO — @ 


R being the internuclear distance and e the protonic 
oharge. For evaluating the electronic contribution 
we may use the equation : 


Q= — 5 Emo < Varope® (3 cos*8, — 1)b*40 > (3) 
The calculations are essentially similar to those of 
Greenhow and Smith*. The necessary overlap inte: 
grals are read from Mulliken’st master tables. The 
quadrupole integrals of the form : 


Qp) = ~ 2 l a(2po) pa’(3 008? 0, — 1) pa(2pe)dr 


are read from Greenhow and Smith? as they were 
conveniently tabulated in units of eR*. 

The final value of Qmo. comes out as + 1:57 eag? 
as against the experimental value’ of 0:28 x 107° 
B.9.0. or 1-01 sag’, from observation of microwave 
collision diameters. It may, however, be mentioned 
that the sign of Q is not given by experiment, and the 
magnitude may be in error by as much as 50 per cent 
as a result of some theoretical approximations m 
deriving Q from microwave line-widths. 

Tt is rather simple to calculate the nuclear contribu- 
tion Q, with reference to the exact mass centre of the 
molecule, which is located at a distance of 8/15 R 
from the N atom. In this case Qmoi, turns out to be 
1-45 eag’. The error introduced in Q, due to the 
approximation (1) is estimated as only ~ 1 per cent 
though it is ~ 8 per cent in the over-all moment. But 
in evaluating Q, this makes the integrals complicated. 

I am indebted to Prof. Walter Gordy for his kind 
interest and encouragement. My grateful thanks 
are due to the United States Educational Founda- 
tion in India for awarding me a Fulbright travel 


grant. 

This research was supported by the United States 
Air Force through the Air Force Office of Scientific 
Research of the Air Research and Development 
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Concentration-Dependent Sedimentation 
¢ of Aggregating Proteins in the 
UlItracentrifuge 


PROTEINS are by nature sticky substances, and it 18 
not surprising that many of them form molecular 
tes in solution at well below the concentration 
needed for the appearance of a stable solid phase. 
Ultracentrifuge measurements provide a direct 
method of detecting and estimating such aggregation, 
and this communication is concerned with the inter- 
pretation of these measurements when aggregation 
1g rapidly reversible, and the velocity of each sedi- 
menting species is a function of the total concentra- 
tion of protein. 

The detailed experiments of Schwert! with a-chymo- 
trypsin illustrate one of the most noticeable effects 
of strong aggregation on sedimentation. ‘The sedi- 
mentation velocity of «-chym was shown to 
increase sharply with concentration at low concen- 
trations of protein, to reach a maximum value, and 
then to decrease steadily with further increase of 
concentration!. The effect was sensitive to changes 
in pH and ionic s 

As is now well understood, this behaviour is due to 
the opposition of two factors: the increase in relative 
sedimentation velocity of the protem as a whole, as 
the average particle size increases with concentration, 
and the normal decrease in velocity caused by changes 
in, the viscosity and density of the solution and in the 
back-flow of solvent*®. This can be expressed 
theoretically by two methods. The first, suggested 
by Tiselius‘ (see also ref, 2, and Goldberg’), calculates 
the velocity of the boundary as if this remained sharp, 
and gives the weight-average velocity of the protein 
molecules. The second methods,’ takes account of 
the spreading of the boundary by differential trans- 
port, although making no allowance for spreading 
by diffusion, and calculates the velocity of the median 
of the boundary. 

These two methods are illustrated by curves in 
Fig. 1, calculated for the simplest case of aggregation, 
reversible dimerization. It will be found that they 
resemble closely the types of curve obtained by 
Schwert in the reference quoted above. More general 
cases will be considered in a later paper. In the 
present case, the equilibrium between monomer and 
dimer has been assumed to be governed by the equa- 
tion a, = kat, where k is a constant, and a and a, are 
the respective molecular concentrations of monomer 
and dimer. The velocities of the species have been 
regarded as decreasing linearly with concentration, 
as for non-aggregating proteins’. 
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Fig. 1. Velocity of sedimentation in the ultracentrifuge as a 
function of concentration for mohomer-—dimer systems in re- 


vyersible equilfbriam. Re Weight-average velocity ; ——-~, 
velocity of Toana of bo undary ; —-—--, limiting ‘velocities 
Thus : 


V, = (vi)o(1 — ge) 
and ® 


Va == (Vs)o(1 —fgc) 


respectively, where o{ == a + 2a,) is the total concentra- 
tion of protein expressed in base-molecules per unit 
volume, and g is a constant. Also the monomer and 
dimer particles have been treated as spheres’, so 
that v, = 1-59 v,. In the caloulations by the 
second method, the hyper-sharp edge to the boundary 
on the higher concentration side of the maximum of 
the curves has been taken into account. 

By plotting relative ) velocity, v/(v:)o against relative 
concentration, gc, as in Fig. 1, it is possible to repre- 
sent the whole family of curvea on one di 
The determining parameter is the quotient gik 
(= @ say). It can be shown that for any system . 
for which o> 1-18 the curve has no maximum, and 
the velocity falls steadily with increase of concentra- 
tion. In this region œ > 1-18, the two methods of 
caloulation are equivalent. 

Two practical conclusions can be drawn from the 
curves in Fig. 1. First, extrapolation backwards 
of the downward-sloping part of the curves leads to 
an, intercept somewhere between the limiting sedi- 
mentation velocities of the monomer and the dimer. 
Identification of this intercept with the velocity of 
the dimer will suggest a false, and anomalously high, 
value for the frictional coefficient of the dimer’. 

Second, it appears that even a slight tendency to 
aggregate, far too slight for any tell-tale maximum 
in the curve, will be sufficient to reduce the downward 
slope measurably. In cases, therefore, where a change 
of pH, ionic strength or electrolyte causes a change in 
slope greater than would be expected from sedimenta- 
tion potential effects’, aggregation should be looked 
for. Fibrmogen!® seems to be a case in point. Also, 
if appreciable differences in slope are found between 
the curves for rather similar proteins, as, for example, 
for myeloma globulins", for which the values of 
g could not be expected to differ very much, the cause 
is again likely to lie in differences in tion. 
The many unpublished records of sedimentation 
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velocity-concentration curves could well repay a 
search for this effect. 
G. A. GILBERT 


Department of Chemistry, The University, 
Edgbaston, Birmmgham, 15. 
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Application of Pyramidone to Detection of 
itrous Acid 


PYRAMIDONE  (1-pheny1]-2,3-dimethyl-4-dimethyl- 
aminopyrazolone-5) or antipyrine (1-phenyl-2,3-di- 
methylpyrazolone-5) have been used in analytical 
chemistry to detect copper, cobalt, and iron. But 
there are a few references to the application of pyrami- 
dongas a cation and anion reducert®, I have used a 
freshly prepared 5 per cent solution of pyramidone 
(Merck), to detect nitrous acid ions in the presence of 
other anions and cations. 

Method 1. 3—4 drops of pyramidone solution and 
1-3 drops of diluted (10 per cent) acetic acid were 
added to about 1 ml. of, for example, a solution of 
sodium nitrite or potassium nitrite (Schering— 
Kahibaum). A violet coloration, not spreading in 
ether, chloroform, amyl alcohol, or carbon tetra- 
chloride, appeared immediately or after a fow seconds 
according to the amount of sodium or potassium 
nitrite present. If the quantity of nitrite ions is 
small, the reaction may be accelerated by heating. 
By means of this reaction ıt is possible to detect 
0-0140 gm. of sodium nitrite in 1 litre of water, or 
0-009 mgm. of nitrite/ml. 

The presence of sulphuric, nitric, iodic, hydro- 
chloric, phosphoric, boric, oxalic, citric, tartaric or 
hydrobromic acid ions does not impair the reaction. 
Hydroiodic acid ions give in such & case a brown 
sediment, which disappears after heating, and the 
solution turns violet. The appearance of the sediment 
is at the same time a proof of the presence of nitrites, 
since there is no sediment in their absence. The 
reaction is not retarded by the presence of a number 
of bi- and tri-valent metal ions. Silver ions and 
pyramidone give a blue-violet colouring. The 
detection of small quantities of nitrite in the presence 
of silver is accomplished by the addition of sodium 
chloride and then of pyramidone and acetic acid to 
the solution under examination. Ferric iron also 
interferes. But if the reaction proceeds in the presence 
of potassium fluoride (and tartaric acid as well), then 
the test with nitrites ig positive. Mercuric salts and 
pyramidone give a white sediment not interfering 
with the detection of nitrite; mercurous salts are 
reduced to metallic mercury. If acetic acid is present 
in excess, the sediment is dissolved, and in the 
presence of nitrite ions the solution turns violet. 

Method 2. In view of the fact that aqueous 
solutions of pyramidone decompose rapidly, a dry 
reagent was also used for the detection of nitrite. 
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The reagent was prepared as follows: 1 gm. of 
pyramidone and 1-5 gm. of tartario acid or citric acid 
are thoroughly mixed m a mortar and then kept in 
the dark, in tightly closed gallipots. A pinch of the 
reagent is added to the solution under examination 
and mixed with it. Ifnitrites are present, the solution 
turns violet. 

Method 3. A ‘wet’ t in chloroform or 
alcohol can also be used. (a) A drop of the saturated, 
chloroform solution of pyramidone is added to the 
acidified solution under investigation and shaken. 
If nitrites are present in small quantities, the mixture 
must be slightly heated. The solution turns violet. 
(b) A few drops of a mixture composed of equal parts 
of saturated, alcoholic (anhydrous) solution of tartaric 
acid and the same solution of pyramidone are added 
to about 1 litre of the solution under examination. 
In the presence of nitrite, the solution turns violet. 

Wixror WAWRZYOZEE 
General Chemistry Department, $ 

School of Agriculture, Olsztyn, Poland. 
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Polyvinyl Benzoate Monolayers 


MoxNnorayERs of polyvinyl benzoate show strong 
film properties strikingly similar to those of vertically 
oriented fatty acids and unlike those of horizontally 
oriented polyvinyl acetate. The polymer was pre- 
pared by free-radical bulk polymerization at 82° C. 
Monolayers were studied at 25° Ç. on the film 
balance!-*. The spreading solvent was twice-distilled 
benzene. 

Fig. 1 shows duplicate pressure-area isotherms for 
polyvinyl benzoate and a representative isotherm for 
polyvinyl acetate‘. Polyvinyl benzoate gives a 
surprisingly small extrapolated area—0-38 m.* per 
mgm., or about 9 A.* per monomer unit. Film 
thickness corresponding to this area averages 20 A. 
As shown in Table 1, compressibility is not much 
greater than that for octadecylphosphonic acid*. 
Most unexpected, however, is the high collapse 
pressure of 53 dynes per om. ; it is much greater than 
those for many other polymers, somewhat greater 
than that for stearic acid, and the same as that for 
octadecylphosphonic acid. Surface pressures are 
unusually stable throughout the compression, and 
the film is rigid. 

Polyvinyl acetate is typical of many horizontally 
oriented polar polymers; the isotherm gives a large 
extrapolated area that corresponds to a film thickness 
of only 5 A. The film is highly compressible, and 
collapse takes place gradually at about 25 dynes per 
om.—a pressure hitherto considered high for a film 
of horizontally oriented molecules. 

The strong film properties of polyvinyl benzoate 
and the marked difference between the benzoate and 
acetate films are difficult to explain. One might 


Table 1. MIONOLAYRR PROPHRYIES 


| Collapse | Compress- 
Aren preasure rbility 
m.'/mgm. ; A.*/mol. |(dynes/om.)| (cm./dyne) 


Polyvinyl 

benzoate 0 38 Q* 58 0 0056 
Polyvinyl! acetate 1-90 27* 25 0-0252 
Stearic acid 0 48 26 42 0 0019 
Octadecylphos- i 

phonics acid 0 46 22 | 53 0 0085 


* Per monomer unit. 
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Fig. 1. Pressure-area isotherms for polyvinyl benzoate and poly- 
vinyl acetate 

expect aromatic rings to interfere with formation 
of a strong film, as they do in tri-p-cresyl phosphate 
and related compounds*. Molecular models of the 
polymer indicate that close packing of rings is 
possible; cohesive forces could be great between 
coplanar rings in contiguous parallel alignment. 
Another possibility is that rigid coils or folds rise from 
the surface and pack tightly. The small area per mon- 
omer unit would favour the coilmg or folding picture. 

Any branching in the polyvinyl benzoate probably 
could not account for the high collapse pressure. 
Polar branches would tend to orient horizontally as 
does the backbone chain. Moreover, a copolymer of 
vinyl benzoate and vinyl acetate, which presumably has 
less branching than the homopolymer of vinyl benz- 
oate, gives films that collapse at similar high pressures. 

Studies of mixed films may help explain the 
unusual properties: of the monolayer of polyvinyl 
benzoate. An weight mixture with stearic acid 
gives reproducible monolayers that collapse at 36 
dynes per cm.—well below the collapse pressures of 
the ‘components alone—whereas a corresponding 
mixture of polyvinyl acetate and stearic acid collapses 
at a far greater pressure than do the components‘. 
Evidently the vertically oriented fatty acid interferes 
with the packing of the benzoate polymer, in contrast 
to the marked strengthening produced by the inter- 
action of the acid and the acetate polymer. An 
equiweight mixture of polyvinyl benzoate and 
polyvinyl acetate collapses at a pressure close to the 
average for the two components. 

Further monolayer studies of polar polymers and 
mixtures should shed light on many complex problems 
of polymer structure and behaviour. 


Herman E. RIES, JUN. 
Nicky BEREDJIOE 
JOSEPH QABOR 


Research and Development Department, 
Standard Oil Company (Indiana), 
Lites Indiana. 
t Adam, N. K., “The Physics and SERET, of Burfacea”, third ed. 
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and 5-Hydroxyindoles 


In the course of an investigation of the mechanism 
of enzymatic oxidation of serotonin (5-hydroxytrypt- 
amine) by human serum!, we found that apparently 
identical chromatographio reaction products? resulted 
when this oxidation was catalysed non-enzymatically 
by cupric ion. We became curious as to what extent 
transitional metals other than copper catalysed this 
reaction, and expanded our investigation to include 
a study of the relative catalytic effectiveness of 18 
transitional elements in the oxidations of related 
compounds of biological interest. 

Glassware which had been washed in sulphuric 
acid — dichromate solution was treated with warm 
nitric acid, 0-01 M versene and 12-15 rinses of 
de-ionized water having a specific resistance > 10° 
ohms at 25° ©. All reagente were made up with 
de-ionized water. To 0:01 M concentrations of sub- 
strates in a 0-1 M acetate buffer at pH 6-0, catalytic 
amounts of transitional metals were added so that 
the final concentration of metal was 0-04 mM, or 
about 2y of metal per ml. of reaction volume. Test- 
tubes were incubated at 37° C. and the developmefit 
of colour was followed by measuring the light absorb- 
ance at 500 mu in a Coleman Jr. spectrophotometer. 
The folowing metals were tested: copper (I and 
O), silver (I), zine (IT), lanthanum (IT), vanadium 
(V), chromium (II), manganese (IT), iron (ITT), 
cobalt (IT), nickel (II), gold (TI), cadmium a); 


. The substrates employed Bt 
L-tryptophan, tryptamine, 5-hydroxytryptamine, 
D,L-5-hydroxytryptophan, 5-hydroxyindole-3-acetic 
acid, L-tyrosine (saturated solution), tyramine, u-3,4- 
dihydroxyphenylalanine, 3-hydroxytyramine, 1-ad- 
renalin and t-noradrenalin. In terms of the rapidity 
and intensity of colour development, the results were 
striking: vanadium was by far the most active 
catalyst of the oxidations of L-3,4-dihydroxypheny]l- 
alanine, 3-hydroxytyramine, noradrenalin and D,L-5- 
hydroxytryptophan. It was also the most active 
catalyst of the oxidation of adrenalin, although copper 
(I and IZ) were nearly as effective in catalysing this 
reaction. Colour also developed in the vanadium (V)- 
5-hydro tamine and vanadium (V)-5-hydroxy- 
indale-3-acetic acid systems, but in neither case was 
it nearly so intense or rapid as in the corresponding 
systems with cupric or cuprous ions. It was of con- 
siderable mterest that colour did not develop in any 
of the systems containing tyrosine, tyramine, trypt- 
amine and tryptophan, even after standing for a week. 
Our interest naturally focused on vanadium, and 
we next tried a series of vanadium compounds in- 
cluding pentavalent V,0, and NaVO, and the tetra- 
valent VOSO, and VOCI, All were quite active in 
catalysing the oxidations of 5-hydroxytryptamine, 
§-hydroxytryptophan, dihydroxyphenylalanine, 3- 
hydroxytyramine, adrenalin and noradrenalin. There 
was also slight activity in the vanadium—5-hydroxy- 
indole-3-acetic acid systems. (After 72 hr., a light 
pink colour developed in test-tubes containing 
5-hydroxyindole-3-acetio acid and vanadium salts, 
while duplicate controls remained colourless.) Nio- 
bium (V) and tantalum (V) (Na,NbF, and K,TaF, 
were obtained from the Kawecki Chemical Company, 
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TIVES IW 


Shaking rate = 112 
during incubation period. T, peros 
my at t end of inoubation period 





New York), the two other group Va elements, were 
also tested with the different substrates. Results 
were negative except that there was definite colour 
(first pink, then gun-metal grey and finally black) 
in the niobium-—5-hydroxytryptophan system. This 
reaction was slow compared to that obtained when 
§-hydroxytryptophan. was oxidized in the presence of 
vanadium. The resulting colours were identical, and 
a,black precipitate finally developed in each case. 

"W8 next measured consumption of oxygen in a 
Warburg apparatus; 8 mM substrates were in- 
cubated with 0:02 mM metals at pH 6-0 in an 
acetate buffer at 40-0°C. Most of the metals listed 
above were tested in this system. Table 1 represents 
typical results of many such experiments. Neither 
oxygen consumption nor colour occurred in any 
system contaming tryptamine. There was consider- 
able oxygen consumption and development of a 
yellow-brown colour in the copper (I and II) - 5- 
hydroxytryptamine systems. After 24 hr., althougn 
no oxygen was consumed, the vanadium ([V} and 
vanadium (V) -— 5-hydroxytryptamme ms also 
developed a yellow-brown colour. With incubation 
times longer than 24 hr., oxygen consumption was 
observed following the initial development of colour. 
In the case of 6-hydroxytryptophan, considerable 
oxygen uptake occurred in the presence of vanadium 
(IV and YV), but in no other systems with the 
exception of niobium (V), in which there was a 
minimal oxygen uptake and a definite pink colour. 
Vanadium (IV and V) produced marked catalysis 
of the oxidations of the catechol amines. However, 
all these oxidations were also catalysed by copper. 
The only other findings of note were a considerable 
catalysis by manganese (II) and a slight catalysis 
by iron (IIT) of the oxidation of adrenalin. 

None of these reactions occurred when the systems 
were incubated in an atmosphere of nitrogen for 
periods of up to 24 hr.; when incubated in an 
atmosphere of oxygen, the rate of development of 
colour and of consumption of oxygen increased in all 
CABES. 

Descending paper chromatography of the vanadium 
(V) — 5-hydroxytryptophan was performed 
in n-butanol/acetic acid/water (125 : 30: 125, upper 
layer), but no indolic products could be found other 
than 5-hydroxytryptophan. Black pigment was noted 
at the origin. 

Because of the relative specificity of the vanadium — 
5-hydroxytryptophan reaction, we attempted to 
develop this reaction as an assay for smell amounts 
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of vanadium. While it has been possible to detect 
as little as 0-02y of vanadium per ml. of buffered 
substrate solution, equimolar amounts of copper (IT), 
iron (ITI) and cobalt (IT) have been found to interfere 
with colour development. The oxidation of dihydroxy- 
phenylalanine is even more sensitive to trace amounts 
of vanadium, but copper (11), iron (III), chromium 
(II) and cobalt (II) also catalyse this reaction, in 
decreasing order of effectiveness. If interfering ions 
could be removed chromatographically, these re- 
actions might prove useful for the colorimetric 
determination of trace amounts of vanadium. The 
hydroxyl ion is a powerful catalyst of all these oxida- 
tions, so that pH control must be rigorous. 

The chief actions of vanadium when admmistered 
intravenously to dogs are said? to involve the vascular 
system, with the production of intense peripheral 
vasoconstriction in the spleen, kidneys and intestines. 
‘Some time’ after an intravenous injection is given, 
the kidney is said to show an irregular alternating 
constriction and dilatation of 1ts volume. There is 
also a marked inorease in peristalsis which is ‘at once 
allayed’ by injection of adrenalin. It is possible 
that one or more of the various vanadium-catelysed 
oxidations described in this communication play a 
part in the mediation of these important pharmaco- 
logical actions. 

This investigation was supported in part by 
Research Grant H-3174 from the National Heart 
Institute of the U.S. Publio Health Service and by a 
grant from the State of Washington Fund for Biology 
and Medicine; a preliminary report has been made‘. 
The technical assistance of Mrs. Grace Warren 18 
gratefully acknowledged. 

G. M. MARTIN 
E. P. Beyprrr 
N. ERIKSEN 
Department of Pathology, 
University of Washington School of Medicine, 
Seattle, Washington. 
1 Martin, G., Benditt, E. P., and Eriksen, N., Fed, Proe., 17, 447 


(1958) 


t Eriksen, N., Martin, G. AL, and Benditt, E. P., J. Biol. Chem, (in 
the press). 


? Jackson, D. E., J. Pharmacol. and Exp. Therap., 3, 477 (1912). 
‘ rte AL, Benditt, E. P., and Eriksen, N., Fed. Proe., 18, 482 
1959). 


Diffusion of Proteins through Lipophilic 
Agar Gels 


Ir agar is used as a gelling agent, the aqueous 
phase of the gel should not be reduced below 38 per 
cent, otherwise the gel loses quickly its homogeneity 
and the necessary rigidity for handling it experi- 
mentally. Thus the intermediate gels, through which 
the diffusion occurs, contain 2 per cent agar (‘“Bacto- 
Agar’, Difco Laboratories), 38 per cent aqueous 
buffer solution and 60 per cent of a lipophilic com- 
ponent. In gels Nos. V, VI and VII the latter consists 
of 48 per cent 1,2-propandiol and 12 per cent (by 
weight) of a further lipophihe component as indicated 
in Table 1. These additions raised the lipophilic 
ad ah considerably. The gel is formed by 

11 ml. of the hot, thoroughly mixed solution 

ot glass plate, such as are used in the 
"Elphor paper strip scanner. After setting, the gel 
is detached from the glass plate and laid upon the 
basis gel of 1 per cent agar in buffer. Drops of 2 per 
cent solutions of pure serum protein fractions, 
containing 200 ugm. of protein, are now placed, using 
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Table 1 


8 c| Uptake 


Composition of mtermediate gel 


2 per cent agar in 
veronal-acetate buffer of pu 8 6 + the following lipo- | ` ity 


phic components . 


2 per cent agar 

2 per cent agar -+ ethyleneglycol 

2 per cant agar + dimethylformamid 

2 per cent agar + 1,2-propandiol 

2 per cent agar + 1,2-propandiol + propanamid 

2 per cent agar + 1,2-propandiol + hexane-1,6-dial 

2 per cent agar + 1,2-propandiol + glycerol triacetate 


EP. Nro | (mgm. in | (per cent) (per cent) 
100 ml.) 





Percentage of diffusion: 
ofamline! Relative turbidity alipo- a,-macro- 
blue Sol Gal Albumin protein = globulin 
(per cent) (per cent) (per cent) 


* Approximate values. 


an ‘Agia’ pipette, at regular intervals on the surface 
of the intermediate gel. After 48 hr. in a wet chamber 
the proteins having diffused into the basis gel are 
measured by a technique which I have already 
described},* (Fig. 1). The following protein-fractions 
were used: serum albumin (mol. wt. 69,000); 
a,-lipfoprotein (mol. wt. approx. 250,000, ref. 3, 45 
per cent lipoid-component, ref. 4; Behringwerke, 
Marburg/Lahn) and a,-macroglobulin (mol. wt. 
846,000, ref. 5; Bebringwerke, Marburg/Lahn). 
Fig. 1 shows results of the standardized technique, 
allowing 7 diffusion tests per glass plate. If the 
intermediate gel contains only agar, average values 
should not differ by more than 6 per cent; with a 
lipophilic component in the gel the limit is rather 8 per 
cent. Microphotograms have shown that the latter 
gels are lees homogeneous. 

The values given for diffusion in Table I are in 
percentages of those obtained without diffusion 
(compare a in Fig. 1). Differences in dye-uptake of 
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Fig. 1. a, Spots of a,-lipoprotein, pac on al per cent agar gal 
and stained with naphthalene black. Above each spot is the 
scanning aa d by the Zems Hxtinktlonsschreiber TI; 
b, spota of a,-upoproteln after difusion thro a lipo e 
agar-gel containing 1,2-propandiol and pro d (see Table 1, 
e e er toning Of asl aad lees nee diol Gee 
an agar conta propan and hexane-1, peo 
ble 1, gel No. VI) 


the various fractions are thus avoided. Viscosity of 
the buffered solutions (without agar) was measured 
in an Ostwald capillary viscosimeter immersed in a 
20° ©. constant-temperature glasg water-bath. In 
order to obtain a measure of the hpophuilic property, 
these solutions were shaken with ethanol-soluble 
aniline blue (Geigy, Basle). Optical density of the 
filtrate was measured in the Beckman DU on wave- 
length 600 my. Values for relative turbidity were 
measured by the Zeiss Stufenphotometer with a 
special attachment for the measurement of the stray 
light. 

It follows that in gels with a Lpophilic component 
(II, III, VI, VIL), the diffusion of albumin remains 
stationary, whereas the diffusion of «,-lipoprotein 
increages up to 450 per cent (comparison of gels banfi 
VII). The chemical composition of this lipoprotein 
seems to be more rmportant than particle-size. The 
latter interferes with the diffusion of «,-macroglobulin 
in gels LI, V, VI and VIL; no measurable amount 
passes the intermediate gel within 48 hr. Work on 
the electrophoretic behaviour in analogous agar-gels 


is in progress. 


Medical University Clinic, 
Zurich. 
Jan. 16, 
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Antioxidative Effect of Amino-Acids 


AMINO-ACIDS are often mentioned as synergistic 
antioxidants. Their mechanism of enhancing the 
effect. of primary antioxidants can be explamed in 
different ways: by chelation of pro-oxidative metal 
traces! and by regeneration of oxidized primary 
antioxidants**. It has also been shown that amino- 
acids may play the part of synergistic antioxidants as 
natural constituents of food material’. On the other 
hand, there is @ lack of systematic survey on a 
more general basis of this effect of amino-acids. 
Certain results have been published, which, however, 
refer to special conditions’,’. No data are available 
on the effect of amino-acids in absence of other anti- 
oxidative substances. 

Experiments have been carried out to compare the 
antioxidative effect of several amino-acids and to 
study the dependence of this effect on certain factors, 
both in herring oil emulsions and in model systems 
with linoleic acid. Originally this work referred to 
oxidation m. fatty fish. Variation of oxidizability in 
this material made it necessary to pass to the model 


June 11, 1960 


No. 4728 


Table 1. Rats OF OXIDATION IN HERRING OL EMULSIONS, WITH 
ADDED AMINO-AOCIDS, TO THE RATA WITHOUT AMINO-AOCID 


Ceooooceoo 
PRSASSSSER 





4 mL emulsion with 33 per cent oll, i cent Tween’ 20 and 
1/160 mol. phosphate buffer, pH 5 6, 85° O. 


systems. Oxidation has been followed by measure- 
ment of oxygen consumption by means of a mano- 
metric Warburg apparatus. In the case of herring 
oil and linoleic acid autoxidation, the course of 
oxygen consumption did not show any distinct induc- 
tion period. Oxygen consumed per hour based upon 
consumption during several hours was taken as a 
measure of oxidation rate and the relation between 
oxidation rate with and without addition of the 
substances examined as a measure of their effect on 
oxidation. 

In the case of herring oil, 10 of 11 amino-acids 
examined had antioxidative effects of varying degree. 
The effect was strongest with histidine (Table 1). It 
was hro-oxidative with cysteine. The tocopherol 
content of herring oil was determined to be about 
0-01 molar. 

The results obtained for autoxidation of lnoleic 
acid show that amino-acids may have an antioxidative 





2x10-* 2x107' 2x10 2x10 2x10-" 2x107! 
Molar amino-acid 
Fog. 1. Rate of omdation of linoleic acid with amino-acid added, 


relative to the rate without Aera 1 mi. 0 2 molar linoleate 
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effect in the absence of tocopherol or other primary 
antioxidants. Amino-acids are consequently able 
to act as primary antioxidants themselves. Several 
amino-acids were examined and showed different 
effects. The effect is considerably dependent on pH : 
it was, in the case of alanine and histidine, relatively 
small at pH 7-5 and strong at pH 9-5 (Fig. 1). 

With increasing concentration of amino-acid, the 
eifect—after having passed a maximum (that is, a 
minimum oxidation-rate)—decreases and may, at 
pH 7-5, change from antioxidative to pro-oxidative. 
This phenomenon is well known from other primary 
antioxidants, for example, tocopherol. The threshold 
concentration for this inversion was different for the 
specific amino-acids examined. The effect of cysteine 
was at pH 7-5 pro-oxidative within the whole range. 
At pH 9-5 cysteine was strongly antioxidative like 
the other amino-acids examined. The results at 
pH 7:5 were in certain respects in agreement 
with the results of experiments with herring, oil 
emulsions. 

The amino-acids could also be shown to have a 
synergistic effect together with a-tocopherol. When 
a-tocopherol was added in a concentration which 
without amino-acids only shghtly decreased the rate 
of oxidation, the relative effect of amino-acid addition 
was considerably greater than in the absence of toco- 
pherol, at least at pH 7-5. At pH 9-5 the strong 
effect of amino-acid addition was only slightly 
re-inforced by tocopherol. 

Work is going on regarding the effect of amino- 
acids in the hsmin-catalysed oxidation of linoleic 
acid. In this case quite a different type of curve for 
oxygen consumption, with a distinctly marked induo- 
tion period, is obtained. The influence of amino- 
acid addition on the length of the induction 
period seems not to be correlated with the effects 
described above. A final account will be published 
later. 


REINHARD Manrouse 


Swedish Institute for Food Preservation Research, 
Gothenburg. 
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Mycosides: a New Class of Type-Specific 
Glycolipids of Mycobacterila 


Sroprgs by the combined techniques of chromato- 
graphy and infra-red spectroscopy of the lipid content 
of 85 strams of Mycobacterta including human, 
bovine and avian species and representatives of the 
atypical acid-fast group’, have led to the recognition 
that some of the compounds are limited in distribu- 
tion to a single species of organism and may in fact 
serve to distinguish between the various species 
of Mycobacterta. The distribution of these sub- 
stances in the various species of Mycobacterta 
studied ıs ag follows: phthiocerol dimycocerogate 
present in the lipids of 28 out of 30 human strains 
studied; a compound called Gz 3% present in the 
lipids of 7 out of 7 bovine strains studied (Gz is 
accompanied by phthiocerol dimycocerosate in 
virulent bovine strains); a compound called Gy * 
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present in the lipids of 17/17 photochromogenic? 
strains; a compound called Jg,* present m the hpids 
of 11/13 avian strains and also m the lipids of 3/6 
non-photochromogenic strains. The purpose of this 
communication is to propose & more rational nomen- 
clature for these substances. 

Chemical investigation has shown that the three 
categories of substances provisionally named G4, GR 
and Ja, are glycolipids, containing characteristic 
O-methylated 6-deoxyhexoges in glycosidic linkage. 

We wish to propose the general name ‘mycoside’ 
for these compounds ; a mycoside could be defined as 
‘a type specific glycolipid of Mycobacterial origin’. 
—Gy,, characteristic of photochromogenic strains, 
should be called mycoside A. -—Gs, characteristic 
of bovine strains, should be called mycoside B. 
—Ja, characteristic of avian strains, should be called 
mycoside C. The following preliminary data can bo 
given, concerning the chemical structure of these 
compounds : 

(1) Mycoside A hag been obtained as a nearly 


colourless solid melting at 105°, [a]#? — 37° 
(CHC); C, 72-2; H, 11:3; OCH, 8-6; N, 0; 


P, 0 per cent. The ultra-violet absorption spectrum 
shows maxima et 222, 274 and 278 mu (in hexane). 
Mycoside A contains three different O-methylated-6- 
deoxyhexoses, which have been identified as 2-0- 
methyl-fucose, 2-O-methyl-rhamnose and 2,4-di-O- 
methyl-rhamnose®. The lipid moiety of mycoside A 
18 & mycocerosate of an aromatic alcohol. 

(2) Mycoside B is & colourless wax, melting at 25° 
[a] ~— 22° (CHCI); C, 76-6; H, 12-0; OCH, 
4:3; N, 0; P, 0 per cent. Mycomde B has about 
the same ultra-violet absorption maxima ag mycoside 
A (222, 274, 281 mu). Mycoside B contains only one 
sugar, identified ag 2-O-methyl-rhamnoge®. The 
lipid moiety of mycoside B is a diester of two molecules 
of a branched chain acid fraction of mean molecular 
weight corresponding to C,,H,,0, with a phenolic 
alcohol (Demarteau-Ginsburg, H., and Lederer, E., 
unpublished experiments). In previous experiments‘ 
mycoceresie acid was found in mycoside B; it is 
possible that the nature of the acid varies in depen- 
dence of strain ‘and culture medium. 

(3) Mycoside O is a peptide-glycolipid‘ and oan be 
separated by chromatography on silicio acid into 
goveral closely related compounds. One of these, 
melting at 200°, [«]’? — 31° (CHCI,), has an approxi- 
mate moleculer formula C,,H,,.5N,O,,; calculated 
for Caisa NO ; C, 59 8 3 H, 9-1 ; N, 4'8 M 
for 3 OCH, 6:3 per cent; found: C, 60-1; H, 8-7; 
N, 5:1; OCH,, 6-0 per cent. 

This particular mycoside O preparation contains 
three different deoxyhexoses, of which two have been 
tentatively identified as 6-deoxytalose and 3,4-di-O- 
methyl-rhamnoge ; the third sugar 1s possibly a mono- 
methyl ether of 6-deoxy-talose (MacLennan, A. P., 
unpublished experiments). 

The peptide portion of mycoside O contains three 
different amino-acids linked in a pentapeptide ; one 
molecule of p-phoenyl-alanine, two molecules of allo- 
threonine and two molecules of p-alanine. The lipid 
mouety of mycoside C has not yet been obtained in a 
pure state, but seems to be a hydroxyacid of approxi- 
mate molecular formula C,,H,,0,. Two O-acetyl 
groups are also present in mycoside C and can be 
readily recognized in the infra-red spectrum by a 
band at 8-ly. 

A more detailed report on the chemical structure 
of mycos:de C will be published soon’. 
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We are indebted to Drs. M. Ikewa and E. E. Snell 
(Berkeley) for the determination of the configuration 
of the amino-acids obtained from mycoside O. 
Donatp W. Smrre 
Department of Medical Microbiology, 
University of Wisconsin. 
H. M. RANDALL 
Department of Physics, 
University of Michigan. 
A. P. MAOLENNAN 
Microbiological Research Establishment, 


Porton. 
E. LEDERER 
Institut de Biologie Physico-Chimique, 
Paris. 
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Hamorrhagic Lipæmia in the Rat 


Coleman and Beveridge! have recently directed 
attention, to the influence of blood sampling on the 
level of plasma cholesterol in the rat. They observéd 
that a diet containing merely corn oil did not increase 
the plasma cholesterol-level ; but when it was com- 
bined with frequent blood sampling a significant 
inerease followed. Further, blood sampling on 
alternate days even in the absence of fat in the diet 
was sufficient to cause an increase in the plasma 
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cholesterol. Since some important earlier studies on 
hsmorrhagic lipemia m experimental animals are 
not mentioned, we wish to give the following brief 
references and to present some additional data of 
our own. 

Miettinen? has shown that in the rat bleeding 
causes & li ic turbidity of the serum and that 
relatively the greatest rise occurs in the total lipids. 
The phospholipids increase significantly more than 
the cholesterol. He further showed that the increase 
m. cholesterol and phospholipids occurs chiefly m the 
a-2 lipoprotein fraction separated by paper electro- 
phoresis. The administration of heparin to such 
lipsamic rats caused changes which were opposite to 
those resulting from bleeding*. In these experiments 
the bleeding was heavy enough to make the rats 
markedly ansmic. 

In an extensive and thorough work Starup* showed 
that the development of hemorrhagic lipemia in the 
rabbit correlated best to the changes m the blood 
hsamoglobin-level. A similar lipemia resulted from 
exposure of the animals to low atmospheric pressures. 
Starup regarded hypoxamia as the cause of the 
li ia. 

Woe have recently investigated some of the factors 
connected with the development of hæmorrhagic 
lipemia in the rat®. Three groups of rats, each 
consisting of eight intact male animals on a standard 
low-fat diet, were subjected to a daily withdrawal of 
an. amount of blood corresponding to 2 per cent of 
body-weight. The first group served as a control 
group and developed a marked anmmia, together 
with a definite increase in the serum cholesterol and 
phospholipid concentrations and visible lipwmia. 
The animals of the second group received after each 
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bleeding an amount of rat serum approximately 
corresponding to the amount withdrawn. In this 
group anzemis and lipwmia developed similarly to 
the control group. The rats of the third group 
received after each bleeding an amount of washed 
red cells sufficient to prevent the development of 
anzsmia. In this group no lipsmia occurred. These 
results are in accordance with those obtained on 
rabbits by Starup‘45. 

A fourth group of rats consisted of seven hypo- 
physectomized animals which were bled sufficiently 
to produce an ansamia of the same degree as that of 
the control rats. Also in hypophysectomized rats 
the bleedmg caused an increase in the serum chole- 
sterol- and phospholipid-levels, but in the sera of 
these animals there occurred no visible turbidity. ` 

It thus seems probable that the anmmic anoxia 
is the cause of the hmmorrhagic lipsmia. As to the 
mechanism of development of the hsmorrhagic 
lipæmia, it cannot be considered to be due solely to 
@ reaction dependent on the hypophysis, such as 
stress, since the serum cholesterol- and phospholipid- 
levels roge also in the hypophysectomized rats. The 
lack of an apparent increase of serum neutral fats 
in these rats can be explained ın several ways, for 
example, by an acceleration in ‘the lipwmia clearing 
activity’ ın hypophysectomized rats’, or by an 
impaired neutral fat mobilization from the depots. 
There remains the possibility, however, that in bleed- 
ing ansemia the elevation of neutral fats, on one hand, 
and that of cholesterol and phospholipids, on the 
other hand, are mediated by different mechanisms, 
the former possibly through the hypophysis. 
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Action Potentials in Active Tissue with 
Delayed Potassium Permeability 


In 1953, Hodgkin and Huxley: published a model 
which describes with considerable accuracy the” 
electrical activity of nerve axons. The action potential 
in this tissue is accounted for by a large temporary 
increase in the permeability of the cell membrane, 
first to sodium ions, and then a millisecond or go 
later to potassium ions. 

In the course of an investigation into the applic- 
ability of this model to the action potential in cardiac 
muscle tissue, I was led to explore the solution to 
the Hodgkin-Huxley equations when the increase 
in potassium permeability is suppressed. Under this 
condition active tissue was found to have two atable 
states which may be understood by reference to 
Fig. 1. 
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The equation to be solved! is: 


dV 
Cay + Gx (V — Vx) + gna mh (Y — Vya) 


+9:1(V — Vi) = 9 (1) 


The first term is the capacity current, the remaining 
terms give the potassium, sodium and leakage currents 
respectively. 

For a steady state the first term is zero, and for 
simplicity I put the leakage current equal to zero 
also as it is in any event quite a small term. Vx 
and Vy, are reference potentials depending on the 
internal and external ionic concentrations, which in 
squid axon are Vg = + 12 mV., Vang = — 115 mV. 

If the potassium permeability Gg is constant, 
then the curve representing the second term in the 
above equation is æ straight line, which has been 
drawn with sign reversed in Fig. 1 (AB). In the 
term giving the sodium permeability, gNa is a con- 
stant and m and h are funotions of V and t given 
by Hodgkin and Huxley. The steady-state values 
of these variables have been taken from ref. 1 and 
the resulting current is plotted on Fig. 1. 





Fig. 1. um values of sodium and potassium currents for 
various voltage displacements from the resting value and for 
constant mm conductivity. The potassium current is 


plotted with sign reversed, an 

curves give possible values of F, Vz and Vy 

The voltage corresponding to the steady state will 
then be given by the mtersection of these two lines. 
It is immediately obvious that provided Gg is less 
than a certain limiting value, there are two points of 
intersection C and D corresponding to two stable 
potentials Vy and Vy. Fig. 1 has been drawn with 
the value Gg = 3:66 x 10-4 mhos/om.*, the resting 
value measured by Hodgkin and Huxley, when the 
values of Vj and Vy are found to be Vy = — 56mV., 
Vy = — 6mV. The limiting value of Gg correspond- 
ing to the dotted line in Fig. 1 is found to be 
Gy = 1:9 x 10-* mhos/om.*. 

The general solution to equation 1 for Gg = con- 
stant = 3°66 x 10-4 mhos/cm.*® has been integrated 
using the fast digital computer Silltac in the School 
of Physics, University of Sydney. The result is 
shown in Fig. 2 and bears a striking resemblance to 
the early part of the action potential of Purkinje 
fibres*. 

Tasaki and collaborators?-* have presented evidence 
demonstrating the existence of a bistable state of 
the nerve membrane under certain conditions. For 
example, Tasaki and Hagiwara? showed that the 
effect of tetrasthylammonium is to prolong the action 


Tm, 


NATURE 


June Il, 1960 VoL. 186 


Action Potential for 


Gp = const = 3 66 x 10% hos sent 
l gy" 3x10" clo noma) 





tO 20 30 40 
Time msec ) 


pg. 2. Form of action potential calculated for Gg = constant = 

8 x 10™~ mhos/om.*. Following the initial spike due to the 

he potential settles down at the alternative 
steady level (Vz of Fig. 1) 


sodium current, 


potential in the squid axon and abolish the delayed 
rise in potassium conductivity. These authors were 
unable to explain their results in terms of the 
Hodgkin—Huxley model, but it appears that they 
can be so explained along the lines indicated above. 
Similarly, the other conditions for producing bistable 
states*,> may be understood in terms of Fig. 1. 

A fuller description of these results is in the course 


of publication. o 
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Thyroid-Powder Feeding and Liver Nitrogen 
in Mice 


Ir is known that thyroid hormone increases liver- 
weight in animals', accelerates the regeneration of 
liver in partially hepatectomized animals* and induces 
changes in liver cells representing typical growth?. 
The effect of thyroid hormone on liver nitrogen 
appears to have been less well studied We have 
therefore investigated the effect on liver protein and 
glutamine m mice of feeding thyroid powder. 
Glutamine is found in relatively large quantities in 
various tissues, and the ability of these tissues both 
to synthesize and to break down proteins suggests 
that glutamine may serve as an important reservoir 
of ammonia nitrogen‘. 

The experiments were carried out in male mice of 
Swiss strain weighing 23-25 gm. The animals were 
fed a standard stock food ad libitum. To produce 
hyperthyroidism, 0-5 per cent desiccated thyroid 
powder was added to the standard food for 10 days. 
On, the eleventh day the animals were autopsied and 
liver-weight, protein and glutamine were measured. 
Liver protein for homogenized tissues was determined 
by the Kjeldahl-Preg] method. For determination 
of glutamine, the homogenates were deproteinized 
by the Folin-—Wu method, and glutamine in the 
filtrate was determined by Whitehead and Whittaker’s 
method®. The results are shown in Table 1. In- 
creased weight of liver was observed in thyroid- ~ 
fed animals. This increase is not related to a change 
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Table 1. EFFRO? OF FREDING THYROID POWDER ON LIYER-WEIGET, PROTEIN AND GLUTAMINE 


Treatment and Body-weight (gm.) W 
otual 


No. of animals Before After F 


Control (83) 24 1:187+0000 4:08+0-01 
1:340 +0 080 5 8540-03 


Experimental (36) 





Glutaminoet 
Total ` 
(mgm./100 gm.) (go) (mgm./100 gm.) 


28-50+0 30 0°278+0-030 106 345-1 
28:48 +0 22 038214-0 020 120'448-1 


0 
(mgm.) 


1-250 +0071 
1:620 40 084 


* Relative liver-weight is the actual woni ge liver pa 100 gma i body-we 


Toe ver protein is calculated In gm. per tal protein 


ight. 
is that in the whole liver in gm 


Glutamine Is calculated in mgm hoo fa Total giutamine is the estimated value In mgm. mr the whole liver. 


in body-weight, since the relative liver- weight is 
also increased. The gain in liver-weight is also 
accompanied by a significant increase in total 
protein (P < 0-02), but there is no change in the 
percentage of liver protem. The increase in liver 
glutamine was more pronounced; there is a sig- 
nificant increase in percentage (P = 0:02) as well 
as in the total liver glutamine (P = 0-001). 

These findings are in conformity with the fact 
that hypophysectomy reduced kidney glutamine in 
dogs, but the admunistration of growth hormone 
produced increased glutamine in kidneys and plasma 
along with nitrogen storage and gain in weight. 

Tf glutamine is taken as a measure of the metabolic 
nitrogen pool, the action of thyroid hormone in 
promoting protein anabolism may be associated with 
tke rise in the amount of glutamine. 

This work was supported by a grant from the 
Royal Hellenic Foundation for Research. 
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Effect of Curare on Conduction in 
Myelinated, Isolated Nerve Fibres of the 
Frog 


THE inhibitory effect of curare on the transmission 
of nerve impulses across myoneural junctions is 
generally attributed to its binding with the specific 
acetylcholine receptors in the motor end-plate 
membranes in competition with the acetylcholine, 
thereby preventing the ester from exerting its depolar- 
izing action. Since the work of Claude Bernard, it 
has been known that curare acts specifically on the 
motor end-plates without any effect on axonal 
conduction. The failure of externally applied acetyl- 
choline to affect conduction of nerve fibres was 
explained by Nachmansohn' as being due to per- 
meability barriers surrounding the axon which are 
impermeable to lipid-insoluble compounds, such as 
methylated quaternary nitrogen derivatives, and 
cannot reach, therefore, the interior of the axon. 
These permeability barriers also explain the absence 
of any action of curare on axonal conduction: if 
monoquaternary ammonium salts are unable to pene- 
trate these barriers, it is certainly to be expected that 
diquaternary salts will not enter. This does not 
indicate that the acetylcholine receptor upon which 
curare is supposed to act at the myoneural junction is 


not present and functional in the axon, only that it 
cannot be reached. If this viewpoint is correct, then 
diquaternary compounds which have two cationic 
nitrogens at the proper distance but are in addition 
soluble in lipid, such as stilbamidme, should have 
curare-like action. Block of conduction by stilbami- 
dine was obtained by Bergmann, Wilson and Nach- 
mansohn? on the axon, and by Schoffeniels and 
Nachmansohn? on the conducting membrane of the 
electroplax of Hlectrophorus electricus. 

Another possibility to test this point of view is the 
use of @ preparation where there is reason’ to believe 
that the structural barrier around the conducting 
membrane is relatively weak. Eleotron-microscope 
studies have revealed that at the nodes of Ranvier 
the conducting membrane is covered by a very thin 
structure. d-Tubocurarine chloride was applied to a 
single nerve fibre preparation as described by 
Stampfli‘. Conduction was blocked reversibly in a 
concentration of 10-3? M. The time necessary for 
this effect across the Ranvier node varied between 
l and 15 min. In cases where the blocking time was 
longer than 7 min., the reversibility was poor. Fig. 
la shows the effect of 10-3 M ourare after 40 seo. 
The duration of the spike is significantly increased. 
After 100 sec. conduction was completely blocked 
(b). Partial recovery was obtained after rinsing the 
node with Ringer’s solution for 60 sec. ; 4 min. later, 
the height of the spike was restored to ita original 
value, but the duration was still prolonged. 
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Fig. 1. Electrical activity at tho node of Ranvier wot a as nerve- 
fibre preparation of Hana B deal exposed to d-tubocurarine 


(a) and (b), 10°* M, (0) and (d), 6 x 10> M. (a) 40 seo, after 
exposure, increased duration o spike ; after 100 sec., com- 
plete block of conduction. Return to er’ aL solution brings 
spike partially back; after 4 min. height ike has returned 
to normal although the duration is still mcrease ; (o) 5 seo, after 
curare the henght of spike is Increased and the duration prolonged. 
(@) after 40 gs00., complete block of conduction. After 60 sec. in 
nyger’s solution, height of spike returns to normal, ¢ = 24°C., 
time, 1,000 oyolea/seo, 
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In some cases 10-3 Af curare had only a small 
effect on the duration of the spike and did not cause a 
block even after exposure for 15 min. In these cases 
curare in a concentration of 6 x 10-* M had a strong 
and rapid effect. In Fig. Ic the duration of the action, 
potential is prolonged after 5 sec. Block of conduc- 
tion occurred after 40 sec. (Fig. 1d). After 60 sec. in 
Ringer’s solution the spike has returned, although not 
yet to its original height. Repeated exposure of the 
same fibre to the same concentration of curare brought 
the blocking time down to 5 sec. Fibres which did not 
respond to 1 x 10-? M curare but did to 6 x 10°? M 
showed block after 1-2 min. when exposed again to 
1 x 10° M. 

d-Dimethyltubocurarine chloride, which is slightly 
more soluble in lipid than is d-tubocurarine, was also 
used, but no significant difference was found. Eserine 
blocks conduction of the node of Ranvier in low 
concentrations (30-40 wugm./ml.)*. This tertiary 
nitrogen derivative penetrates readily mto the 
interior of the axon. Prostigmine also causes a 
block, but the concentration required for the 
effect is about tenfold higher (about 1-7 x 10° M, 
equivalent to ~ 500 .gm./ml.) and longer periods of 
exposure are needed*. Prostigmine, being a methyl- 
ated quaternary nitrogen, does not penetrate into 
the interior of the nerve fibre'. Both compounds 
are +n vitro almost equally strong inhibitors of acetyl- 
cholinesterase. The quantitative differences observed 
on the Ranvier node as to time and concentration 
may be attributed to differences in the rate of penetra- 
tion. It is therefore not surprising that curare, too, 
requires relatively high concentrations. But the 
fact that it blocks reversibly electrical activity at 
the node of Ranvier supports the view of Nachman- 
sohn that the role of the acetylcholine system is 
basically similar in axonal conduction and in synaptic 
transmission. 

This work was supported by the Division of 
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Level of Sulphydry! Compounds in Rat 
Liver following Feeding with Goitrogenous 
and Non-goitrogenous Cabbage 

Is work on the relationship between the goitro- 
genous activity of cabbage and sulphate utilization 
from nutrient medial, we have now followed, 
among other factors, the total sulphydryl compounds 
in the liver of experimental rata, by means of polaro- 
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graphic estimation’. The rats were given a goitro- 
genous and a non-goitrogenous variant of cabbage 
(Brassica oleracea var. capitata), grown in sand culture 
with nutrient solutions. The nutrient solution for the 
non-goitrogenous variant of cabbage contained 1 
mgm. equivalent of sulphate and that used for the 
goitrogenous variant 25 mgm. equivalent of sulphate 
per 1 l. of solution. The other nutrient substances, 
both macro- and mioro-elements, were present in 
equal amounts in both solutions. 

Goitrogenicity of the cabbage thus cultivated was 
tested experimentally on white female rats of the 
Wistar strain, average weight 120 gm. One group of 
20 rats received a daily ration of non-goitrogenous, 
another group of 20 rats had the goitrogenous variant 
of cabbage. In addition, both groups received 
Larsen’s diet without any water. The controls, a 
group of 10 rats, were fed on Larsen’s diet and had 
water to drink. The experiment lasted 33 days._ 
24 hr. before being killed the animals were given 
20 ue. of iodine-131 intraperitoneally in 0:5 ml. of 
physiological solution; during these 24 hr. the 
animals were kept fasting, but all had water to drink. 
Beside the sulphydryl compounds, a series of determ- 
inations were made from which the goitrogenous 
activity of the particular variants of cabbage could 
be inferred (Table 1). 
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Table 1 e ° 


mes on 

I enous 

A varant of 
cabbage 
{n = 20) 


Controls® 
{n = 10} 


an 322-7 £62 if 
ercentage of epi- 
thelial cells =a 


258 2414 & 625-9473 4 


ation of he 


43 7449 41542 8 51:95 8 


tion 44-145 7 44-248 4 34°5646°9 
Todine-131 uptake 
by thyroid as 


poroen tags of 
PBI-131 content 
in 1 ml. of serum 
as parcentage of 
dose administered 
Thyroid ane in 


mgm./100 gm. 
body-weight 


44-2410 0 48 1411 2 70-4416 1f 


0 03440 01 | 0 0258 +0-003 | 0-108 4:0 059ł 


9-St1-1 10:1419 10 641-7 





*#, number of rats in the experiment. 
+ Average -+ standard deviation. 


t Increased uptake of lodine-1381 by the aoe and PBI-181 in 
1 mL of serum is accounted for by the effect of eo eogens 
on the thyroid as a result of a 24-hr. exclusion of cabbage from the diet. 


Total sulphydryl compounds in the liver were 
measured immediately following the death of the 
animals. 4-5 gm. of liver were homogenized with 
40-50 ml. of 1 per cent acetic acid and the anode wave 
of sulphydryl compounds was registered polaro- 
graphically in 10 ml. of filtrate on a Heyrovský 
polarograph, type V 301. The quantitative evalua- 
tion of the waves of sulphydryl compounds was 
carried out by adding standard solutions of SH— 
glutathione. 

The results in Table 1 and Fig. 1 show that rats 
fed with the goitrogenous variant of cabbage store 
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Fim 1. Total sulphyaryl compounds ın experimental rat Livers. 
C, Control group ; Pin: of rate fed with non-goltrogenonus 
vanant of ie groups of rats fed with goitrogenous 
variant of cabbage. Individual columns indieate average value 
with standard deviation. Blank columns indicate values obtaimed 
for rats consuming cabbage heads; shaded coors for those 

consuming green cabbage lea 


in the liver twice as much (P & 0-0001) total sulphy- 
dryl compounds, expressed in terms of glutathione, 
as do those fed on non-goitrogenous cabbage, or on 
Larsen’s diet. 

One of the principal effects of goitrogens on entering 
the organism is a lowered production of thyroid 
hormone, bringing about a hypothyroid” condition 
in the whole organism, a lowered over-all metabolic 
rate and lowered oxygen utilization by the tissues. 
The inhibiting effect of goitrogens on oxygen uptake 
by tissues in vtiro is likewise known‘. This inhibitory 
influence of goitrogens may be a causative factor 
in the increased level of total sulphydryl compounds, 
that is, of the protein and non-protein sulphydryl 
compounds in the liver of rats fed with a goitrogenous 
variant of cabbage. There probably ensues inhibition 
of the oxidases of SH-glutathione and other sulphy- 
dry! compounds in the liver of rats fed with a 
goitrogenous variant of cabbage. 

Since a marked increase in the total sulphydryl 
compounds occurred after consumption of the 
goitrogenous variant of cabbage only, it may be 
possible to use the estimation of total sulphydryl 
compounds in the liver of experimental animals as a 
test of the goitrogenicity of vegetable foodstuffs, 
provided, of course, that account is taken of the 
specificity of the test. Besides a marked increase in 
sulphydryl compounds in the liver after consumption 
of the goitrogenous variant of cabbage, there is 
probably also an increase in total sulphydryl com- 
pounds in the blood and other organs, too, as found 
by Houssay, Martinez and Caputto® following 
administration of thiouracil, and by Capra® after 
methylthiouracil ; therefore a diet of goitrogenous 
cabbage may give protection from the effects of 
ionizing radiation. 
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at abe a Action of 2(0-Methoxyphen- ` 
oxymethyl)-5-Oxazolidone on Morphine, 
Dihydrocodeine and Aminopyrine 
Analgesia 


2(0 - Methoxyphenoxymethyl) - 5 - dxazoldone 
(metoxadone), @ substance synthesized by us! (cf. 
Argentine Patent No. 118.613, April 21, 1957— 
Oct. 29, 1959), produced prolonged muscle relaxation 
and anticonvulsive effects?.2. Gray et al.4 found that 
this substance reduced the spontaneous motor 
activity and caffeine hyperactivity of mice and 
specifically blocked ther conditioned avoidance 
reaction. According to its behaviour in the avoidance 
conditioning test, metoxadone belongs to the group 
formed by chlorpromazine and its congeners, reser- 
pinoid Rauwolfia alkaloids and morphine’. 

We therefore studied the synergetic effect of 
metoxadone on central analgesic actions of drugs such 
as morphine, dihydrocodeine and aminopyrine, 
because a similar effect is characteristic for chlor- 
promazine and its congeners®.’, but not for reserpinoid 
alkaloids which antagonize morphine ia’, 

In our experiments we employed the hot-plate test 
of Woolfe and Macdonald’, modified by Eddy et al.29,41, 
The plate was heated to a constant temperature of 
59-5° C. and the time until the mice lifted their hind 
legs twice was recorded as ‘permanence’. The results 
are shown in Tables 1, 2 and 3. 


Table 1. PROLONGATION OF THE PERMANENCE OF AOON ON THE Hort 
PLATE SO XIN, AFTER A SUBOUTANNOUS INJECTION OF METOXADONE 
(MET), DIXYDROCODEINE TARTRATS (DHO) AND THEIR COMBINATION 


Doses of the drugs in mgm./kgm., permanence prolongation in sec, 


MET alone 12-5 no effect 

MET alone 25 0 no effect 

MET alone 50 6 26+18 not significant, P = 0-05 
DEO alone, 12°5 28407 significant, FP = 05 
DEG, 12-6 + MET, 12-5 83409 significant, P= 0 06 
DEC, 12-5 + MET, 25-0 554009 significant, P =œ=0 Q1 
DHC alone, 25 0 66+0 6 significant, P = 001 
DHO alone, 50 0 77 +408 significant, P = 0'01 
DHO, 12:5 -+ MET, 50 0 130417 significant, P = 001 


Table 2. PROLONGATION OF THE PHRMANNNOE OF Mice ON TRE Hot 
PLATE 30 MIN, AFTER SUBOUTANHOUS INJECTIONS OF MORPHINE HYDRO- 
CHLORIDE (MOR) ALONW AND COMBINED WITH METOXADONE (MRT) 


Doses ın mgm./kem., Permanence prolongation in sec. 


JIOR alone, 1 25 1-4 408 not significant, P = 0 08 
MOR alone, 2:5 27 410 not significant, P = 0 08 
MOR, 1 25 +- MBT, 5-0 $4:1-1 not significant, P = 0-05 
MOE alone, 5 6 40408 significant, P=0 01 
MOR, eae ae 98409 significant, P=001 
MOB, 126 + MET, 200 10-7 $ 2-4 significant, P = 0-01 


Table 3. PROLONGATION OF THE PERMANENCE OF MION ON THB Hor 
PLATE 80 MEIN. APTHR SUBCUTANEOUS [INJBOTIONS OF AMINOPYRINE 
ALONE (AP) AND COMBINED WITH METOIADONE (MET) 


Doses in mgm.,/kgm., permanence prolongation in sec. 


AP alone, 6&0 0 no effect 
AP alone, pees no effect 
AP alone, 200 89408 signiftoant, P=0 Ot 
AP, lone, ONT, 18-0 856+146 not significant, P = 0-05 
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Table 1 shows that metoxadone has a marked 
synergetic effect on dihydrocodeine analgesia. 
12-5 mgm.jkgm. dihydrocodeine is potentiated by 
25 mgm.j/kgm. metoxadone (a dose without any 
analgesic effect of its own), for the combination 
was as active as @ dose of dihydrocodeine twice 
as high (25 mgm.jkgm.). 50 mgm./kgm. metoxadone 
increased the effect of 12-5 mgm./kgm. of dihydro- 
codeine more than four times. 

Table 2 shows that relatively low doses of metoxa- 
done potentiated the effect of 1-25 mgm./kgm. 
morphine hydrochloride more than twice ; the effect 
of 2-5 mgm./kgm. morphine salt alone was still 
somewhat less (2:7 sec.) than that of the combina- 
tion (3-4 sec.). A higher dose of metoxadone 
(10 mgm./kgm.) increased the effoct of morphine 
more than four times. (Permanence prolongation of 
the combination: 9:6 gec.; that of a fourfold dose 
of morphine alone 4:0 sec.) 

Table 3 shows that the effect of aminopyrine 18 
enhénced nearly four times by metoxadone. 

According to our results, metoxadone markedly 
increases the analgesic actions of dihydrocodeine, 
morphine and aminopyrine. 

E. FISCHER 
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M. STAMBURGO 
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HAMAT OLOGY 


Variations in Electrophoretic Position of 
Haptoglobin Mixtures in Agar-gel 
Electrophoresis 


By meang of agar-gel electrophoresis, sera can be 
put into different haptoglobin groups. Sera belonging 
to Hp 1-1 give a fast migrating spot stainable with 
benzidine, while sera belonging to Hp 2-2 have a 
slowly migrating component and sera belonging to 
Hp 2-1 give a spot occupying an intermediate electro- 
phoretic position. The spots are casily stained with 
a benzidme reagent if hemoglobin has been added to 
the sera before electrophoretic separation!. 

When. sera belonging to Hp 2-1 as determined by 
starch-gel electrophoresis? with a discontinuous 
buffer system? were investigated in agar-gel electro- 
phoresis', it was found that these sera could be 
divided into further groups depending on variations 
in electrophoretic positions of the spot stainable with 
benzidine. 
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Sera presenting a weak. or even absence of the 


_ Hp 1-1 band in starch-gel electrophoresis were found, 


in agar-gel electrophoresis, to give a spot more 
displaced towards the cathode than sera presenting a 
strong Hp 1-1 band but weak other bands character- 
izing the Hp 2-1 type in starch-gel electrophoresis. 

In Fig. 1 duplicate separations of mixtures of a 
serum belonging to Hp 1-1 and Hp 2-2 in different 
relative amounts are shown. By mixing these sera 
in, different relative amounts, varying electrophoretic 
positions of the spot stainable with benzidine will be 
obtained as judged by the position of the part of the 
spot which is situated nearest to the anode. 

Thus, if the serum belonging to Hp 1-1 is quantita- 
tively predominant in the mixture, for example, 
in the ratio of 10:1, a rapidly migrating spot will be 
obtained, which, however, migrates slightly slower 
than the spot of the unmixed Hp 1-1 serum, but more 
rapidly than a mixture of these sera in the proportions 
of 6:1. When the same mixtures were subjected to 

starch-gel electrophoresis, no differences in electro- 
phoretic positions of the haptoglobin bands were 
seon. If serum belonging to Hp 1-1 was mixed with 
the secum belonging to Hp 2-2 in the relative amounts 
of 10: 1, only a single Hp 1-1 band was seen in starch- 
gel electrophoresis under the experimental conditions 
employed. ‘Therefore it seems ag if the agar-gol 
electrophoretic technique ıs slightly more sensitive 
than the starch-gel electrophoretic technique as 
carried out in this laboratory. 

If the ratio between Hp 1-1 and Hp 2-2 is 1: 20 or 
greater, the electrophoretic position of the mixture 
1g identical with that of an unmixed serum belonging 
to Hp 2-2. 

Thus, within certain limits, the electrophoretic 
position of the haptoglobin spots in mixtures of sera 
belonging to Hp 1-1 and 2-2 will vary, depending on 
relative amounts of thege sera in the mixture. This 
is not the case when the same mixtures are subjected 
to starch-gel electrophoresis. 
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Therefore it seems as if the agar-gel electrophoretic 
technique might be a valuable supplement to starch- 
gel electrophoresis, especially as regards sera, where 
suspicion might exist that the phenotype as revealed 
by starch-gol electrophoresis does not correspond to 
the genotype as indicated by, for example, family 
studies. My work on some mother-child material 
also seems to indicate that, especially among children, 
haptoglobin grouping might be difficult, as originally 
pointed out by Smithies*. In some instances, repeated 
starch-gel electrophoretic investigations of certain 
sera did not demonstrate any haptoglobin in these 
sera, although in agar-gel electrophoresis hapto- 
globins were demonstrable enabling us to group these 
sera (unpublished work). 

The fact that variations in electrophoretic positions 
of components m agar-gel electrophoresis as well 
ag in ummunoelectrophoresis’ may depend on quan- 
titative relations between electrophoretically differ- 
ent molecule populations, giving rise to a single 
spot with the technique employed, may be of theoreti- 
cal interest when the ‘microheterogeneity’ of different 
components is studied, and of practical importance 
when. further electrophoretic differ- 
ences are found in different human 
Bera., 

Thus, it has recently been found 
that another component in the «,- 
glębulm region presents electro- 
phorefic differences when different 
sera are investigated in agar-gel 
electrophoresis and developed with 
an indoxyl-acetate reagent. In 
general, sera can be grouped into a 
fast, a slow and an intermediate 
type, depending on the electro- 
phoretic position of this compo- 
nent*. It was found that sera be- 
longing to the intermediate group 
gave rise to spots with slightly 
varying electrophoretic positions 
characteristic for the serum m- 
vestigated (unpublished work). 

In analogy with the findings here, 
it Reems suggestive that this inter- 
mediate group depends on the con- 
comitent presence of the fast and 
slow components although in differ- 
ent relative amounts, thereby allow- 
ing & further sub-grouping within 
this group, as has been the case with 
sera, belonging to Hp 2-1. 

Further work is in progress to 
investigate the influence of quan- 
titative factors on the electrophoretic position of pro- 
teins in agar-gel and starch-gel electrophoresis. 

JAN Hirescu¥FELp 
Department of Bacteriology, 
Karolinska Institutet, 
Stockholm 60, 
and 
Stato Institute for Blood Group Serology, 
Statens Rattekemiska Laboratorium, 
Stockholm. 
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Oxygen Equilibrium of Hemoglobin 
from Thunnus thynnus 


Few data can be found in the literature dealing 
with the functional properties of hemoglobin of 
lower vertebrates**. Moreover, these investigations 
were carried out using whole blood or unpurified 
hssmolysate as working material, particularly in the 
cage of fishes; this procedure may make the inter- 
pretation of the results misleading since the blood 
of these animals rapidly deteriorates after collec- 
tion’. 

In this communication we report results on the 
oxygen equilibrium of crystalline hæmoglobin from 
Thunnus thynnus. Crystalline hæmoglobin was pre- 
pared from freshly collected blood as previously 
described‘, and was stored under saturated ammon- 
ium sulphate. Since during the preparation and 
storage the hæmoglobin is ın part transformed 
into the ferric form, in all cases, before the determ- 
ination of the oxygen dissociation curves, ¢he 


. pigment was completely reduced by an enzymic 


system‘. 


pR S4 mS 
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HbO) 
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The oxygen dissociation curves were determined 
by the spectrophotometric method previously de- 
seribed®, 

In all the conditions the pigment was stable, and 
the spectrophotometric data obtained during the 
progress of oxygenation could be ascribed to the 
presence of only hæmoglobin and oxyhsmoglobin. 

Fig. 1 shows the oxygen dissociation curves of 
Thunnus thynnus hæmoglobin at different pH’s. It 
may be seen that on varying the pH both the shape of 
the curve and the oxygen affinity change greatly. 
At alkaline pH’s the curve is sigmoid in shape, but 
the inflexion rapidly docreases with lowering of the 
pH-value. Indeed, the curve of the dissociation 
factor y versus oxygen partial pressure was found to 
be hyperbolic at pH 6-9; below this value of pH, the 
curve,.for values of y greater than 0:3, tends to become 
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Fig. 2. Effect of temperature on the oxygen a Tories of tuns 
hemoglobin. Same conditions as in Fig. 1 
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parallel to the abscissa ; the oxygen affinity decreases 
on lowering the pH. 

The changes in shape of the curve and in oxygen 
affinity are readily reversible over the entire pH 
range examined. 

The effeet of temperature on the oxygen equilibrium 
of tuna hæmoglobin has been studied at several 
pH values (Fig. 2). It was found that the tempera- 
ture has very little effect on the oxygen affinity, at all 
the pH values examined. The shape óf the oxygen 
dissociation curve did not change appreciably with 
temperatures. 

The overall heat of the reaction : 


hemoglobin ~+- O (gas) — oxyhsemoglobin 


was calculated from the data for various pH-values® 
as — 1-8 koal. mole; taking into account the heat 
of solution of oxygen, "the heat of reaction would be 
nearly zero. 

The results reported ın the present communication 
show some important and characteristic differences 
between the oxygen equilibrium of the hæmoglobin 
of Thunnus thynnus as compared with that of mam- 
mahan hemoglobin. 

The effect of pH is to affect the oxygen affinity 
in the same direction as in mammalian hemoglobin, 
but this is accompanied, in the case of the hæmoglobin 
of tuna by a great change in the shape of the oxygen 
dissociation curve. The inflexion of the curve is in 
this case a function of pH. In the case of mammalian 
hemoglobin, differences in the shape at different 
pH’s are observed only at very low or very Ingh 
oxygen saturation’ and do not affect the general 
shape of the curve. 

The effect of temperature is even more unusual; in 
the case of mammalian hemoglobin the temperature 
has a great effect on the oxygen affinity, corresponding 
to an overall heat of reaction about equal to — 13 
keal. mole"! at pH 9-58. On the other hand, the 
oxygen affinity of tuna hæmoglobin is practically 
unaffected by temperature. 

The physiological meaning of these findings should 
be discussed in relation to the particular functional 
needs of the tuna fish ; for example, the msensitivity 
of the oxygen equilibrium of tuna hemoglobin to 
changes in temperature could represent a sort of 
molecular adaptation which would enable the animal 
to live in waters of very different temperatures with- 
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out modification of the functional properties of its 
respiratory pigment. 

From a physico-chemical point of view, the study 
of hæmoglobin of lower vertebrates may represent a 
promising field for further knowledge of the kinetics 
and thermodynamics of the oxygen reactions of the 
respiratory proteins. 
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Oxygen Equilibrium of Myoglobin from 
Thunnus thynnus 


MYOGLOBIN from several species of fishes has been 
recently purified and quite extensively studied-°, 
but no data on the oxygen equilibrium of these pig- 
ments have yet been reported. 

In connexion with studies on the oxygen equini- 
brium of Thunnus thynnus hemoglobin‘, it seemed 
of interest to examine the functional properties of 
myoglobin from the same animal. 

Myoglobin was crystallized from the deep red 
muscles of the lateral line of an adult specimen of 
Thunnus thynnus. The absence of hemoglobin from 
the preparation was checked by paper electrophoresis 
and spectrophotometry*. As previously reported’, 
even crystalline preparations of tuna myoglobin are 
heterogeneous in electrophoresis for the presence of 
three myoglobin components, Mb I, Mb I and Mb 
MI, which account respectively for about 80, 20 and 
5 per cent of the total pigment. Such components 
have identical light-absorption spectra in the visible 
and Soret zone; they are present also in the water 
extract of muscles. Owing to the small quantity of 
crystalline myoglobin of tuna available no separation 
of the different myoglobin components could be 
attempted, and the experrments have been performed 
with the total crystalline pigments. 

In the case of human myoglobin no difference was 
noted in the oxygen equilibrium of the components 
Mb I and Mb II (ref. 5). 

The reduction of ferrymyoglobin and the determina- 
tion of the oxygen dissociation curves have been 
performed according to Rossi-Fanelli and Antonini’. 

Fig. 1 shows the oxygen dissociation curves of 
tuna myoglobin in 0-1 M tris buffer at pH 7-45. 
The curves obey the Hill equation : 


= K(pO,)* 
Y = | +K(p0,)" 


for a value of n= 1 (pO, = partial pressure of 
oxygen in mm. mercury). The oxygen affinity is 
high and very similar to that of mammalian myo- 
globins: at 20° C. the partial pressure of oxygen 
for 50 per cent oxygen saturation (på) is 0-9 mm. 
mercury ; the value for human myoglobin in the 
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‘game conditions is 0-73 mm. mercury®. The effect 
-of temperature on the oxygen affinity is also shown in 
Fig. 1; the overall heat of the reaction : 


myoglobin + oxygen —> oxymyoglobin 


calculated by the van’t Hoff equation? between 5° 
and 30° C. was found to be — 13-2 keal. mole. The 
Bohr effect has been studied at 20° C. in 0-1 M tris 
buffers and was found, between pH 7:1 and 8-7, 
practically absent : À 


id log Ky (dp) zg == =} 0.02 


The results reported above show that tuna myo- 
< globin has functional properties very similar to those 
of mammalian myoglobin : hyperbolic shape of the 
_ oxygen-dissociation curve, high oxygen affinity and 
- absence of Bohr effect. 

These results indicate that the functional and struc- 
tural properties of the myoglobin do not change 
appreciably in animals belonging to different classes, 
and that this pigment has retained through all the 
_ species the samo simple characteristic properties. On 
the contrary the blood hemoglobin shows a greater 
ictural complexity accompanied with a large 
netional variability according to the different 
ological needs of the various animal species. 
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RADIOBIOLOGY 


Degradation of y-Methyleneglutamic Acid 
by Plants 


Many new amino-acids have been isolated from 
higher plants in recent years'.. However, little is 
known concerning the function and metabolism of the 
majority of these acids. Frequently they have been 
considered to be rather akin to alkaloids; they are - 
often found to be randomly distributed among the 
members of the plant kingdom, and yet they accumu- 
late in large amounts in certain plants, sometimes 
being confined mainly to particular organs. These 
features suggest that a number of the acids are 


perhaps secondary products (by-products) of meta- , z . . : 
bolism that can only slowly re-enter the main path- o 9 | 


ways of metabolism operative in plants. 


y-Methyleneglutamic acid and its amide, y-methyl- z 
eneglutamine, were among the first of the newer actds = 


to be isolated?. The initial isolations were made from 

peanut plants ; but now the substances are known to 
occur also in tulips*, peast, hops? and bean seedlings®, 
Although y-methyleneglutamic acid and y-methylene- 
glutamine show the restricted distribution typical 


of the newer amino-acids, they are atypical from the- oe 


metabolic point of view. The substances appear to be. 


synthesized readily from carbon-14 labelled pyruvate, 


acetate, or glucose by cotyledon tissue of peanut: 
seedlings, and the branched-chain carbon skeleton 
may arise by condensation of two pyruvate mole- 
cules’. Active preparations of a deamidase for 
y-methyleneglutamine® and a transaminase utilizing 
y-methyleneglutamic acid® have been obtaimed in 


extracts of peanut plants, while a decarboxylase 


capable of using y-methyleneglutamic acid ‘was a 
present in tulip leaf extracts’. 


and glutamic decarboxylase respectively, and they 
may inaccurately portray the true position regarding 
the degradation of y-methyleneglutamic acid and 
y-methyleneglutamine within intact plant tissues. 
The present experiments, which used carbon-14 
labelled y-methyleneglutamic acid, established with 
certainty that degradation of the acid occurs in vivo. 

+-Methyleneglutamic acid was synthesized by a 
procedure which introduced a carbon-14 label into 
the «a-carbon atom. «-Iodomethylacrylic acid was 
synthesized from ethyl di(hydroxymethyl)malonate 
by the method of Welch", and this was esterified 
to give ethyl «-iodomethylacrylate. This ester was 
then condensed with ethyl [2-4C] acetamidomalonate, 
following the method of Hellmann and Lingens*™, and 
subsequent hydrolysis of the condensation product 
with 6 N hydrochloric acid gave [«-14C] y-methylene- 
glutamic acid. By paper chromatographic methods, 
the acid was obtained radiochemically pure, when it 
had a specific activity of 1 mc.j/mM. 

A solution of carbon-14 labelled y-methylene- 
glutamic acid was supplied to shoot tips of peas 
(Carter’s Little Marvel variety) and to immature 
peanut leaves through the cut ends of the shoots and 
petioles respectively. The labelled material was 
introduced into leaf disks of tulip by vacuum infiltra- 
tion. In this way, each gram of fresh pea or peanu 
tissue received about 0-8 mgm. carbon-14 labelled 
y-methyleneglutamie acid (5 uc.), while 0-3 mgm. 
carbon-14 labelled y- -methylene; ‘lutamie acid (2 ue.) 
was introduced into each gram tulip leaf disks. 
The piant tissues were then key continuous light 


















However, these Boog 
in vitro reactions could be the result of non-specific = 
action of glutaminase, glutamic—aspartic transaminase, = | 
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Fig. 1. Reproductions of radioautographs prepared from extracts 


Saaai metabolizing [a-""C] y-methyleneglutamie acid, (a) Pea- 
nut leaves after 24 hr., and (b) after 48 he. (c) Tulip leaves after 
aa atte and (d) after 48 hr. (e) Pea shoots after 24 hr., and (f)after 

Shr. The chromatograms were developed in phe ‘nol-ammonia 
pAs Ri direction) and then n-butanol-acetie acid—water 
(vertical direction), The origin is marked +. Key to spots: 
A, y-methyleneglutamic acid; B, y-methyleneglutamine; C, 
v-amino- a-methylenebutyric acid; D, glutamic acid; Æ, gluta- 
mine; F, asparagine; G, sucrose ; H, glucose ; i, fructose ; 
U1, unknown radioactive substances probably ine luding triose 
and hexose phosphates; 02-13, other radioactive compounds 

of unknown ‘identity 


(900 ft.-candles) under humid conditions at 20°. 
After suitable time intervals, samples were killed 
by dropping into boiling 75 per cent (v/v) ethanol. 
After complete extraction of the aqueous—ethanol- 
soluble compounds, portions of the concentrated 
extracts equivalent to 50 mgm. of initial plant tissue 
were applied to two-dimensional paper chromato- 
grams run in 75 per cent (w/w) phenol, followed by 
n-butanol-acetic acid—water (4: 1:5). Radioauto- 
graphs were prepared from each chromatogram and 
representative examples are reproduced in Fig. 1. 
The radioautographs show that an extensive 
degradation of y-methyleneglutamic acid occurred 
in all three species. Complete loss of the carbon-14 
label from y-methyleneglutamic acid could not be 
expected because the synthetic material was a 
DL-racemate. 
Some products of y-methyleneglutamic acid meta- 
bolism were common to pea, peanut, and tulip 
tissues; these included the labelled materials 
(designated U1) running near the origin on the paper 
chromatograms. This is the general area in which 
triose and hexose phosphates are encountered. The 
formation of glucose, fructose and sucrose was more 
marked in tulip leaves than in pea tissues: when 
„peanut leaves were used, no activity could be detected 
the simple sugars. 
y-Methyleneglutamine was labelled in all species 
at 24 and 48 hr. en the activity of the amide is 
expressed as a tage of the activity present in 
the aqueous—e -soluble fraction, this percentage 
is far higher for tulip leaves than for pea or peanut 
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tissues. This observation is in agreement with 
previous findings. Pea shoots contain very small 
amounts of y-methyleneglutamine, and therefore the 
rate of its synthesis may be expected to be low. The 
contrasting position found in tulip and pea leaves 
can be explained by the relative deamidase activitios 
previously observed in extracts of these tissues ; 
peanut leaves gave a very active enzyme preparation 
whereas negligible activity was associated with 
tulip leaf extracts’. A further relationship exists 
between the observations made in the enzymic and 
radioisotopic experiments. Labelling of y-amino-«- 
methylenebutyric acid (the decarboxylation product 
of y-methyleneglutamic acid) was observed only in 
tulip leaves. These leaves contain a powerful 
decarboxylase, but no y-methyleneglutamic acid 
decarboxylation activity was detected in pea or 
peanut leaves’. 

The introduction of the carbon-14 label into 
glutamic acid, glutamine, and asparagine, in addition 
to sugars and sugar phosphates, suggests that at 
least a portion of the carbon skeleton of y-methylene- 
glutamic acid, including the «-carbon atom, quickly 
enters intermediate metabolites associated with the 
reactions of the tricarboxylic acid cycle. However, 
the present preliminary results do not allow any 
detailed metabolic pathway for y-methyleneglutamic 
acid degradation to be formulated. °e * 
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Clearance Rates of Sodium-24, Potassium-42 
and lodine-13! in Normal Dog Hip Joints 


A METHOD of assessing the vascularity of the 
femoral head using sodium-24 or iodine-13T clearance- 
rates has been previously described by Laing and 
Ferguson‘. In a further study of osteoarthritis of the 
hip joint in the dog being conducted in this Labora- 
tory it has become necessary not only to know the 
state of vascularity of the bone but also that of the 
joint itself, or more strictly, that of the synovial 
membrane. 

The absorption of sodium-24 from the knee joint 
in humans has been studied by Jacox, Johnson and 
Koontz’, and Harris and Millard*. Scholer, Lee and 
Polley* studied the clearance of sodium-22 and 
tritium from human knees. These workers estimated 
the arterial blood-levels of sodium-22 and tritium 
by a rather complicated method and deduced the 
clearance-rate for the joint. They found 70 per cent of 
the sodium-22 remained in the joint 20 min. after in- 
jection. The other two research groups and ourselves 
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used an external counting method similar to that of 
Kety’. 

The present work was initiated in an attempt to 
discover the rates of clearance of substances of 
various molecular sizes from normal and abnormal 
joints, starting with simple salts and working up to 
layer organic molecules afterwards. 

Sodium-24 and potassium-42 in the form of the 
labelled chlorides were obtained from Oak Ridge 
National Laboratory. The iodine-131 as sodium iodide 
was obtained from Squibb and Sons. All three are 
y photon emitters. Sodium-24 with a half-life of 
15-06 hr. emits y photons of 1-368 MeV. and 2-753 
MeV. and a ß particle of 1-39 MeV. Potassium-42 
with a half-life of 12-5 hr. emits y photons of 1:5 
MeV. and 0:32 MeV. and negative 8 particles of 3-5 
and 2-0 MeV. Iodine-131 has a half-life of 8-05 days 
and emits negative f particles of 0-61, 0-25, 0-81 
MeV. and y photons with several peaks, the most 
important being at 0:36 MeV. 

The fate of these isotopes following their injection 
into a joint can thus be easily followed by a surface- 
counting technique since they all emit suitable y 
photons. For this purpose a columnar scintillation 
detector, with a half-inch thallium activated sodium 
iodide crystal, held in an adjustable detector arm 
(Tracerlab Model SC 52 No. 29) was used with a 
precision rate-meter (Atomic Accessories, Inc. 
POR 105) and the results were recorded with a 
Texas instrument rectilinear recorder. 

Fifty-seven adult dogs, including mongrels and pure 
bred of both sexes, were used in this study. Following 
injection of the radioisotope into a hip joint, a scintil- 
lation counter was then swung over the area and 
continuous recordings were made for 20 min. About 
10-20 uc. of sodium-24 and potassium-42 and about 
30 uc. of iodine-131 were injected to get suitable 
surface counts. Only one isotope was injected at 
any one time. Sodium-24 was injected into 29, 
potassium-24 into 24, and iodine-131 into 38 hip 
joints. 

The results are presented in Fig. 1. The clearance 
rates for sodium-24 were 34-76 + 6-33 per cent in 
10 min., 57-06 + 7-84 per cent in 20 min., for potas- 
sium-42, 46-95 + 7-88 in 10 min. and 62-85 + 8-59 
per cent in 20 min., and for iodine-131, 56 + 10-84 
per cent in 10 min. and 75-15 + 8-72 per cent in 20 
min. Statistical analysis revealed no significant 
difference between the variances of the groups as 
calculated by the F-test, which is a measure of the 
dispersion of the values around the means. The 
means of the groups, however, differed significantly 
when examined by Fisher’s T-test. At 10 min., the 
clearanee of iodine-131 is significantly faster than 
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that of potassium-42 (P = 0:0008), which in turn is 
significantly faster than that of sodium-24 (P = 
0-0001). At 20 min., the clearance of iodine-131 is 
significantly faster than that of potassium-42 
(P = 0:0001), which is significantly faster than that 
of sodium-24 (P = 0-013). : 

It is hoped that this work will form a basis for the 
study of clearance-rates in osteoarthritic and chemic- 
ally and bacteriologically inflamed joints. Whether 
or not clearance is entirely by way of the synovial 
membrane or whether electrolytes also pass through 
the articular cartilage into the bone is not known. 
This question is to be examined by autoradiographic 
techniques. In addition, the fate of the $-emitting 
isotopes phosphorus-32, chlorine-36 and sulphur-35 
injected into the hip joints of dogs is to be studied 
using needle Geiger—Miller probes. 

PATRICK G. LAING 
Ik Done Km 
Orthopedic Research Laboratory, ° 
University of Pittsburgh, 
Pittsburgh 13. 
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Position of the Proximal Centriole in 
Flagellate Spermatozoa 


Gatenby and Mathur: have recently published a 
preliminary report on their investigations an the 
spermatogenesis of Petrobiuse maritimus (Thysanura ; 
Machiloidea) ; but unfortunately they have made a 
number of sweeping generalizations which we cannot 
accept. 

It is surprising that Gatenby and Mathur', while 
criticizing the work of Bowen? and Nath and Bhatia’ 
on Lepisma sperm, have disowned the previous work 
of Gatenby and Mukerji‘, and Mukerji, who clearly 
supported Bowen? with regard to the anterior position 
of the centriole immediately behind a small structure 
considered by them as the acrosome. Indeed, these 
authors have gone to the extent of stating: ‘Thus 
we consider that in Fig. 7, after Bowen and Nath, 
the anterior bead (C) is not the centriole, but is the 
acrosome (whole or part). ..’. They further state 
that the centriole remains in the neck region. 

Gatenby and Mathur! quote, in support of their 
view, results obtained by electron microscopists with 
the sperms of mammals, molluscs, insects, oligo- 
chaetes and sea-urchins ; but not one of these workers 
has worked on the sperm of Lepisma, Cicindela, 
Lepas, Balanus, schizopods, and Bombinator, quoted 
by Nath’ as examples of sperms in which the centriole 
is situated at the anterior end of the sperm nucleus. 

We have nothing to say about the findings of 
Gatenby and Mathur! on the spermiogenesis of 
Petrobius maritimus except (1) that this thysanuran 
belongs to the superfamily Machiloidea, wheres 
Lepisma belongs to the second superfamily of th 
order Thysanura, namely, Lepismatoidea ; and (2) 
that the cytological phenomena in spermatogenesis 
of different families of the oup of animals are 
known to vary considerably, £ scorpions, 

% 





Figs. 1-3 


When reviewing the previous work of Wilson and 
Nath on scorpion spermatogenesis, Nath emphasized? 
important differences in the behaviour of the mito- 
chondria in the sperms of Centrurus and Buthus (fam. 
Buthidae) on one hand, and Vejovis (fam. Vejovidae) 
and Palamnaeus (fam. Scorpionidae) on the other. 

We have recently carried out extensive phase-con- 
trast and histochemical studies of the male germ 
cells of Lepisma saccharina and Ctenolepisma urbana 
(both belonging to the superfamily Lepismatoidea ; 
subfamily Lepismatinae) ; and we fully confirm the 
previous findings of Bowen*, and Nath and Bhatia’ 
with regard to the position of the centriole at the 
anterior end of the nucleus and that of the acrosome 
in the neck region. 

Fig. 1 shows two early spermatids of Lepisma 
saccharina. The nucleus (N) is still spherical; the 
acrosome (A) has been formed at the posterior end of 
the nucleus ; and the centriole (C) is at the anterior 
end, giving rise to the axial filament surrounded by 
the two clearly defined halves of the elongating 
mitochondrial Nebenkern (MN). In Fig. 2 the nucleus 
(N) has become beak-shaped ; the centriole (C) is 
just behind the anterior beak of the nucleus, giving 
off the very much attenuated tail passing by the side 
of the nucleus (N) and the acrosome (A). In Fig. 3 
the centriole (C) has become rod-like and has moved 
far forward, dragging behind it the axial filament 
(AF) surrounded by the very much attenuated 
chondrial Nebenkern (MN); the nucleus (N) is 
bent on itself; and the acrosome (A) in the neck 
region has become Lo Sake agg 

Ə that: (1) the rod-like struc- 
of the maturing sperm is the 
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centriole, since it gives off posteriorly the axial 
filament and the mitochondrial Nebenkern, and also 
it is completely negative to periodic acid—Schiff 
reagent ; and (2) the funnel-shaped structure in the 
neck region of the sperm is the acrosome, since it 
arises from the acroblasts and is positive to the 
periodic acid—Schiff reagent’. 

Finally, we confirm? that the mitochondrial 
Nebenkern is of the typical insect type, forming the 
tail shoath of the sperm. 
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VISHWA NATH 
Bry L. GUPTA 
L. C. MITTAL 


Department of Zoology, 
Panjab University, 
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WE do not see anything in the Lepisma light 
microscope photomicrographs of Dr. Nath and his 
collaborators which either lead us to consider that his 
(C) in Fig. 2 is a centriole and not an acrosome, and 
his (A) is not a centriole plus the large insect centriole 
adjunct, or which persuades us that these two thy- 
sanurans could possess spermatozoa fundamentally 
different. 

As to possible fundamental cellular variations in 
closely allied animals, the grouping of mitochondria 
in various scorpion spermiogeneses refers to growth 
and maturfiition divisions chiefly, but in all these 
animals where the spermiogenesis is known, the 
acrosome is anterior, and the centriole posterior, in 
the nucleus. Dr. Nath et al. state that it is surprising 
that we disowned some of the previous work of 
Mukerji and Gatenby. The point here is the question 
of the nature of the longitudinal line (their AF) on 
the nucleus. At one time it was thought (by J. B. G.) 
to be a part of the flagellum, but recently in Lum- 
bricus, Gatenby and Dalton?! found a similar line by 
electron microscopy which is not flagellar, and this 
has thrown doubt on the previous identification in 
Lepisma. ‘This doubt has been strengthened by the 
discovery that the anterior centriole (C) ine several 
Orthoptera and in Dytiscus lies within the cushion- 
shaped centriole adjunct (CA) as in the micrograph 
reproduced here (Fig. 1). Dr. Nath comments that 
it is surprising that electron microscopists have not 
studied Lepisma, Lepas, schizopods, and Bombinator. 
Not really, because the conventional light-microscope 
5-u section using Fleming with acetic-Heidenhain is 
easy, quick, and cheap to make: our sole chance 
recently to get micrographs of Petrobius resulted in a 
failure. In any event, referring to Bombinator, M. 
Burgos and Don Fawcett? studied another toad (B. 
arenarum) and found the two centrioles post-nuclear, 
and only the acrosome at the sperm tip. 

Now as regards the clear microphotographs shown 
by Dr. Nath et al., we all agree that their lettering in 
Fig. 1 is correct. But by Fig. 2, the acrosome has 
thinned out and become pointed, the adnuclear 


June 11, 1960 


No, 4728 








be Os 


Fig. 1. Micrograph at » 24,000 of part of spermatid of Pachy- 
rhamma fiasifer, showing nucleus a}, comic SF eee bh 
Ma Cn (Phstoereoh by W. So Bertaud, Dominion 
Physical Laboratory, New Zealand. 
Director) 
thread has developed, and the centriole adjunct (A) 
has grown quickly, as has been shown to be the case 
in Nemobius by Gatenby and Tahmisian*. The long 
body (C) in their Fig. 3 is the acrosome, the dark edge 
(AF) the adnuclear thread, and below it some sort of 
modification of the body (A) in their Fig. 2. The 
orientation of the cells is correct, the acrosome being 
anterior in all figures, except the lower spermatid in 
Fig. 1. 
ka regards the periodic acid—Schiff, formalin-fixed 
material of Petrobius, we have not succeeded in such 
small cells in getting useful preparations and are 
unable at present to comment on evidence arising 
from this method. 


By kind permission of the 


J. Bronrit QATENBY 
R. 8S. MATHUR 
Cytological Laboratory, 
Trinity College, Dublin. 
May 10. 
1 J. Biophys. Biochem. Cytol., 10, 49 (1959), 
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A Spirochaeta Phage 


A MICRO-ORGANISM identified provisionally as 
Spirochaeta rosea nom. prov. has been isolated from a 
marine upper littoral rock-pool at Woods Hole, Mass. 
The filaments are spiral, 5-200. long, 0-7 wide, with 
a regular pitch of about 7u and an amplitude of 2u 
(Figs. 1 and 2). Transverse cell walls, approximately 
2-5u apart, are revealed by phase-contrast or electron 
microscopy (Fig. 3). In size and form the organism 
resembles S. plicatilis Ehrbg. (= Ehrenbergia plicatilis 
(Ehrbg.) Gieszezykiewicz)'-*, but in mass the cells 
are seen to be pinkish or brick red. Growth is 
markedly aerophilic, with an optimum temperature of 
35° C. In sea water supplemented with yeast 
extract (0:5 per cent) and tryptone (0-5 per cent), 
the doubling time is 100-120 min. At concentrations 
Jess than one-half sea water, growth is suppressed. 

The mode of movement of the filaments, a slow 
creeping over solid substrata, accompanied by bend- 
ing, undulation and rotation, recalls that of filamen- 
tous Cyanophyceae (cf. Spirulina, in which non- 
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Figs. 1 and 2. Spirochaeta rosea (phase contrast : 3. 

Fig. 3. Spirochaeta rosea (electron micrograph : D. E. Philpott). 

Fig. 4. Particles of phage (electron micrograph: D. E. Philpott), 
(Scales in y) 


W. Watson). 


chlorophyllous species have been described). These 
features, and the relatively large size of the organism, 
distinguish Spirochaeta from parasitic spirochaetes 
of the Microspirochaetaceae*. The pigments, which 
can be readily extracted with organic solvents and 
separated on paper chromatograms, comprise a small 
amount of carotene and one or more xanthophyls. 
The predominant pigment exhibits absorption maxima 
at 448, 474 and 506 muy in 95 per cent ethanol, and 
454, 483 and 515 mu in chloroform. These peaks agree 
closely with those of myxoxanthophyll®, providing 
additional evidence for cyanophycean affinities, 

An enrichment mixture of S. rosea with marine 
mud from the Eel Pond, Woods Hole, was left at room 
temperature for a few days. A portion of the super- 
natant sea water was then shaken with chloroform to 
kill bacteria, and sampled in a dilution series in 
poured plates containing nutrient medium, 0-7 per 
cent agar, and a liberal inoculum of S. rosea. Clear 
plaques, 4 mm. in diameter, appeared within 24 hr., 
and indicated a concentration of about 500 phage 
particles per millilitre of original suspension. From 
these, pure phage strains were isolated by routine 
subculture procedures. ‘Titres of 10*°-10"4/ml. were 
readily obtained. Virulence was not reduced by 
incubation in distilled water at 23° C. for 24 hr. 

The phage particles from an infected culture were 
concentrated by centrifugation at 2,800g for 45 
min., washed, dried in air, shadowed with chromium, 
and examined by electron microscopy. They 
appeared similar to those of the 7-2 series of coli- 
phages, with a polyhedral ‘head’ 90 my. in diameter, a 
‘neck’ 15 myu long, and a ‘tail’ 140 my. long and 25 mu 
wide (Fig. 4). 7 

Though the taxonomic position of Spirochaeta 
remains uncertain, it may be rded as a non- 
photosynthetic member of the blue-green algae. 
The only previous record of a virus infecting an alga 








is a preliminary report of an agent causing lysis in 
nmediate interest of phyco- 


Chlorella cultures*. The immet : 
ibility that they may 
sperms in containing 


“phages arises from the: 
resemble the viruses of angiosp 
ribonucleic acid. Though» the Spirochaeta phage 
.. “described here superficially resembles the bacterio- 
~ phages containing deoxyribonucleic acid, its nucleo- 
tides will be investigated. i 
. This work was supported by a research grant 
_E.1445, fromthe U.S. National Institutes of Health 
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Ethylene Production by Tomato and Apple 
Fruits 


Tue development of the flame ionization detector 
for gas chromatography has made it possible to 
investigate in detail the production of ethylene by 
“tissue slices and mitochondria from fruits. We have 
constructed a gas chromatograph for this purpose 
following the design of Meigh'; but by modifying 
certain details the sensitivity has been increased some 
tenfold, making it possible to detect 0-03 ul. of 
ethylene per litre of air in a l-ml. gas sample. The 
improved sensitivity can be attributed largely to the 
amplifier and to the use of a stationary phase having 
very low volatility. 

The detecting system consisted of a single flame 
ionization detector constructed (Fig. 1) in the simplest 
possible manner. Air to support combustion was 
filtered and supplied at a rate of 30 |./hr. from a 
cylinder fitted with the usual type of pressure-reducing 
valve. The detector output was amplified by a 
vibrating reed electrometer (Applied Physics Corp., 
model 31), using the 10! ohm input resistance. The 

"output was recorded on a galvanometer recorder. 

The eluent gaa was a 1: 1 mixture (v/v) of nitrogen 
and Hydrogen taken from a cylinder fitted with the 

. usual type of pressure-reducing valve, which was 

- used to control the column input pressure at 36:3 cm. 
<o mercury above atmospheric. The column, which 

was kept at about 22° by immersing it in an un- 
heated water bath, was 5-mm. bore, length 5-5 m., 
packed with Johns Manville C22 firebrick 60-80 
mesh-range, impregnated with silicone oil 550 in the 
ratio 100.:.30 by weight. The column, after packing, 
was heated to 100° and flushed continuously with 
nitrogen for several days. This reduced to a mini- 
mum the background caused by volatile impurities 
evolved by the stationary phase. 

This system was used to determine the evolution 
of ethylene by whole fruit, fruit segments, tissue 
slices, homogenates, mitochondria, microsomes and 
supernatant fractions from apple and tomato fruit. 
Results from these studies indicated that the evolu- 
tion of ethylene by tomatoes is greatly stimulated by 
“itting the fruit into segments and tissue slices. 








‘On the other hand, ethylene evolution by apples 
was not greatly changed by this treatment (Table 1). 
Maceration of the tigsues caused a very consider- 

ene evolution in both the apple 
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A, Hypođermie 

R, collector electrode, 3 mm. loop of No. 2% 

E, electrometer 

input; F, electrometer shield; G, column connexion ; H, air 
inlet; J, polarizing voltage, 90 V. positive 


Fig. 1. ; 
needle No, 225 4 ) 
nichrome wire; C and D, ‘Teflon’ insulators ; 


Diagram of flame ionization detector. 


and tomato fruit. The mitochondria and microsomes 
isolated from these homogenates evolved a negligible 
amount of ethylene. 

Although Spencer? identified ethylene in emana- 
tions from mitochondrial preparations from tomato 
fruit, and Burg and Thimann’ implicated cytoplasmic 
particles as the source of ethylene production in 
apples, we could not detect significant amounts of 
ethylene in mitochondrial or microsomal systems 
derived ffom apples or tomatoes. It is especially 
significant that the apple mitochondria in these 
studies were able to oxidize Krebs cycle intermediates 
and could carry out oxidative phosphorylation‘. 

It must be concluded from these results that the 
biosynthesis of ethylene is not directly associated 
with Krebs cycle organic acid metabolism. Burg* 
reached a similar conclusion from studies in which 
Table 1. ETRYLENE PRODUCTION By WHOLE FRUIT, SEGMENTS, 


SLICES, HOMOGENATES AND SUBCELLULAR PARTICLES OF APPLES AND 
TOMATOES 


wi. ethylene/hr./kgm. at 30° C. 
A i ore sian | iaa a acca 











Fruit | Whole, Seg- | Tissue | Homo-| Mito- | Micro- | Super- 
| | ments; slices | genate (chondria; somts | patant 
TEP ee TE EN AAEE AEN a EEN seenanenananetioorine | quantita 
Apples | 29-6 | 35-4 | 20:3 > 68 | <0-003|<0003 <0-03 
| Tomato | i | | Í 
| (ripe) | 4&4 | 58-6 | 102-0 | 2-2 | <0-008 | <0-003 | <0-03 | 


4 s j 
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Measurements were made after the ethylene had accumulated for 
2-4 hr. from the apple tissue and 4-6 hr, from the tomato tissue. 

The whole frait was cut into 16 equal segments. Only pericarp 
wall tissue was used from tomato segments. l 

Apple slices were disks 1 em. in diameter and 2 mm. thick. Tomato 
slices were 4-mm. cubes of the pericarp wall. Both were ficated in 
O-4 M sucrose. F -i 

Homogenates were prepared at 2-4° C. by blending In a Waring 
blendor for 2 min. at reduced speed in 0-2 M tris buffer, 0-25 M 
sucrose, 0-01 M ethylenediamine tetraacetic acid and 0-01 M ascor- 
bate. The pH of the homogenates was 8-4. _ 

The mitochondria were incubated in a medium containing 3 m-moles 
adenosine triphosphate, 10 m.moles glucose, 60 mmoles phosphate, 
20 m.moles magnesium, 30 m.moles malate, 10 mmoles sucrose, 
2 mgm, yeast concentrate and 2 mgm. bovine serum albumin. 

The microsomes were isolated at 100,000g in the No. 30 rotor of 
the ‘Spinco’ preparative ultracentrifuge and incubated in the same 
reaction mixture as the mitochondria. 
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apples were treated with sucrose and acetate labelled 
with carbon- 14. © 
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Is Nectria haematococca Berk. and Br. 
the Perfect Stage of Fusarium oxysporum 
Schi. forma pisi (Lindf.) S. and H.? 


> FN a recent communication!, Dr. E. W. Buxton 
reported the discovery of mature perithecia in a 
nutritionally deficient mutant isolate of Fusarium 
oxryepogum Schl. forma pisi (Lindf.) 8. and H. after 
ultra-violet irradiation. These perithecia were shown 
to be the perfect stage of this particular isolate and 
were identified as Nectria haematococca Berk. and Br. 
(= Hypomyces solani Rke. and Berth. emend.8.andH.). 

As Nectria haematococca?} has long been known to 
be the perfect stage of another species of Fusarium, 
namely, F. solani (Mart.) App. and Wr. emend. S. 
and H., classified in the section Martiella, I was 
surprised to learn that this same Nectria sp. had been 
found to be the perfect stage of F. oxysporum f. pisi, 
classified in the section Elegans. Furthermore, this 
phenomenon was quite unexpected as it has alway S 
been assumed by Fusarium taxonomists that, should 
& perfect stage be. formed by a representative of the 
section Elegans, it would bo a Gibberella sp. This 
assumption is based on the fact that the perfect stage 
characteristic of each of the sections, Lateritium and 
Liseola, which are most closely related to. the section 
Elegans, i is a Gibberella. 
© As isolates of Fusarium species that form their 
perfect stage in culture have been of particular interest 
to me for several years, duplicate subcultures of the 
homothallic isolate of F. oxysporum f. pisi, in which 
mature perithecia of Nectria haematococca were found 
by Dr. Buxton, were obtained for the purpose of 
observation and study from the Commonwealth 
Mycological Institute, Kew, England, through the 
courtesy of Dr. C. Booth. When they were received 
by me they appeared to be identical and in each of 
them the red perithecia characteristic of Nectria 
haematococca could be distinguished readily. 

I followed my usual procedure in examining and 
identifying isolates of Fusarium’. Several transfers, 
using the mass culture method, were made from one 
of the sub-cultures to slants of potato sucrose agar. 
Numerous monosporous cultures were established by 
transferring single macroconidia of the Fusarium 
stage present in one of the sub-cultures as received, 
md others by transferring single ascospores taken 
from the mature perithecia of Nectria haematococca 
present in the sub-culture. After these various 
vultures had been kept at room temperature in the 
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identified as F. solani, not as F. oxysporum. — 
Hildreth? reported recently that he sometimes found 
it difficult to distinguish between certain, isolates of 





F. oxysporum f. pisi race 2 and F. solani f. pisi? Close’ ~ 


similarities in the virulence dnd development of 
symptoms exhibited by these two species of Fusarium 
were evident to him. For example, F. solani f. pisi, . 
invaded the upper stem of the pea plant with vascular 
penetration r esembling that accomplished by F, 
oxysporum f. pisi race 2. Similarly, F. oxysporum f 
pisi produced a root rot: accompanied “by severë 











cortical decay in certain varieties of peas identical l 


with that effected by F. solani f. pisi. 

It is my opinion that the culture in which perithecia 
of Nectria haematococca were found by Dr. Buxton, is 
an isolate of F. solani f. pisi (Jones) S. and H. that is 
apparently capable of vascular penetration similar to 
that produced by F. oxysporum f. pisi. As the perfect 
stage of F. solani f. pisi has not been known pre- 


viously, its occurrence has been reported for the first 


time by Dr. Buxton. 
W. L. Gorpon 
Plant Pathology Laboratory, 
Canada Department of Agriculture 
Research Station, Winnipeg. 
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CYTOLOGY 


Nuclear Phenomena in Trametes 
cingulata Berk. 


Inrrration of dikaryophase has been studied in 
considerable detail by a number of workers! on 
various species of hymenomycete. I have studied the 
nuclear phenomena in the life-history of Trametes 
cingulata Berk. 

For the study of the nuclear conditions in the 
basidia, small rectangular pieces (6mm. x 5 mm.) 
of fresh fruit bodies of T. cingulata with well-developed 
pore-tubes were fixed while growing on the living 
host in Nature. Different killing and fixing reagents 
were tried. Of these, the Bouin-Allen fixative gave 
the most suitable preparations. The materiale were 
fixed in two lots and during different intervals of 
time, one between 12.30 and 2.30 p.m. and the other 
between 12 and 1 a.m. Washing, dehydration and 
embedding were done by following the standard 
schedule. Sections of 8-10v. in thickness were cut and 
were found to be suitable for observations. Of the 
stains, Heidenhain’s iron—hematoxylin gave the 
most satisfactory result. Nuclear conditions in 
spores, germinating spores and in the primary and 
secondary mycelia were studied from whole prepara- 
tions on slides, following Kniep’s? agar-film technique. 

A mature basidium is always found to be tetra- 
sterigmatic, quadrisporous and broadly clavate in 
shape. The young basidia, on the other hand, show _ 
all stages of transition from slightly inflated terminal © 
hyphal cells to broadly clavate mature ones. At the 
beginning, they are always binucleate and the two 
small unpaired nuclei are fot lying one above 






peoonieally and. all wore a 































_another and at a ‘little distance apart (Fig. 1a). 
Each nucleus is of the homogeneous unexpanded type, 
- as defined by Pinto-Lo and in each its chromatin 


and nucleolus are contracted into an intensely 


‘stained homogeneous body. However, this con- 
`  jugate pair of nuclei within the young basidium soon 
fuse and a synkarydn is formed which moves to the 
upper part of the basidium. The structure of the 
„large and prominent fusion nucleus at the resting 
stage consisted ofa deeply stained nucleolus and 
several deeply stained heterochromatin bodies on a 
feebly stained chromatin reticulum. 

=“ Karyogamy was soon followed by two successive 





' divisions together constituting a meiotic phase at 


the end of which four daughter nuclei are formed. 
Six chromosomes can be seen to pass to each pole 
of the spindle in the anaphase stage of the first 
division, so that the haploid number of chromosomes 
in T. cingulata is six (n = 6). This is further corro- 
borated by the presence of the same number of 
chromosomes in the metaphase and anaphase stages 
. during the second division of the daughter nuclei. 
* The orientation of the spindle within the basidium is 
not definite in all cases. The four daughter nuclei are 
conspicuous and are of homogeneous and unexpanded 
type. Four sterigmata appear at the apex of the 
basidium while it is in the quadrinucleate stage. 
‘When fully developed, the tips of the sterigmata 
become gradually swollen, and finally a spore is 
formed at the apex of each sterigma. After nuclear 
“migration, the basidia become empty and appear 
somewhat collapsed. 

The spores of T. cingulata are unicellular, uninu- 
cleate, apiculate, hyaline and without any evident 
endospore. The nucleus is situated almost at the 
centre of the spore, and shows itself as a large deeply 
stained body when stained with iron—hematoxylin. 


Ce During germination, when the germ-tube is formed, 





haps q 


Fig. 1. Nuclear phenomena in the basidium and the development 
of basidiospores; a, b, young basidia each with a dikaryon ; 
e, formation of synkaryon ; d-d, two divisions of synkaryon form- 
ing a meiotic phase (h, a port view of second metaphase division 
from the top of the basidium; i and k, anaphasic spindle of 
second division show ehromosomes at each pole): m-p, 
successive stages in velopment of sterigmata and basidio- 
spores: g, an old dium after discharge of basidiospores 

















nee June ll, 1960 vou. 186 





Nuclear phenomena in basidiospores, spore germination 
and in the primary and secondary mycelia; æ, basidiospores - 
bj, suecesaive stages of germination of basidiospores and forma- 


Fig. 2. 


tion of primary mycelium; k-i, some secondary hypha: with 
clamp connextons and a dikaryon in each cell 


the nucleus of the spore divides and either® onè or 
both the nuclei migrate immediately into the germ- 
tube (Fig. 2e). After this migration the first cross- 
septum is laid down at the base of the germ-tube, As 
the germ-tube elongates, it branches, and due to 
irregular formation of septa, uni-, bi-, or multi- 
nucleate hyphal cells make their appearance. In 
later stages, the hyphal cells appear mostly mono- 
karyotic. 

In stained preparations of secondary mycelium, 
it is found that most of the hyphal cells are dikaryotic, 
but rarely a cell with two to four nuclei can be found. 
Clamp-éonnexions are found at most septa. The 
nuclei in the spores, germinating spores and the 
primary and secondary mycelia are found to belong 
to the ‘homogeneous type’. Division stages of the 
vegetative nuclei, however, have not been observed. 

I am grateful to Dr. S. N. Banerjee, Department 
of Botany; University of Caleutta, for his helpful 
advice in connexion with the present investigations. 
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A Simplified Method for the Study of 
Chromosomes in Man 


GREAT advances in cytogenetics resulted from the 
use of the Feulgen ‘squash’ technique after pre- 
treatment of cells with hypotonic solutions and — 
colchicine. The cells are submitted te the action of — 
colchicine chiefly to inhibit spindle formation, thus 
causing accumulation of metaphases and dispersal of 
chromosomes in the cytoplasm ; in addition, the drug 
has the valuable effeet of shortening the chromosomes 
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and inducing sister chromatids to diverge, thus making for the polyploid cells occasionally seen in bone 
clear the poate of the centromeres. In this way, marrow. 


the whols c r of the chromosome is easily and The simplicity of the method led us to use it in — 
quickly recognizable. For these reasons colchicine three patients for the study of the chromosomes of å 
is widely employed in plant and animal cytogenetics. malignant cells in ascitic and pleural fluids. The Ñ 
In man, however, tissue culture seems to be an same dose of the drug was injected into abdominal 
obligatory step in the technique. Colchicine is added or pleural cavities. The fluids were obtained 
to the culture to obtain the desired effects on cells in 2 hr. afterwards and, after spinning, the cells were 
mitosis. Tissue cultures, however, take time to pre- treated by the same technique. -The results were 
pare and demand technical conditions not always identical with those observed for bone marrow cells. 
accessible to general laboratories. Moreover, altera- Qualitative and quantitative data obtained with 
tions of chromosome pattern have been ascribed as this method will be reported elsewhere. ~ 
due to culture procedures. All individuals were followed clinically and 
Searching for a simplified technique, we triedto hematologically and no abnormality was detected 
submit human cells in vivo.to the action of a deriva- that could suggest toxic effects of the drug. 
tive of colchicine and thus to avoid the inconvenience We believe this method will be useful for chromo- 
of tissue culture. We used dasacetylmethylcolchicine somal studies in other human tissues, whether 
(Colcemid’ or ‘Demecoleine’, Ciba), which has the neoplastic or not. These results were described at s 
same effects as colchicine, but is twenty to thirty the fourth meeting of the Sociedade de Biologia de | 
times less toxic’. Initially, the drug was used in Ribeirão Préto on November 11, 1959. e 
humans with malignant diseases and afterwards in C. BOTTURA 
normal humans and in other clinical conditions. I. FERRARI 
After preliminary trials, we chose a dose of : a 
0-1 mgm./kgm. body-weight, diluted in saline and Medical School of Ribeirão Préto, ’ 
slowly administered intravenously. This amount Department of Clinical Medicine, 
is much less than those used in the therapy of gout Ribeirão Préto, Estado de São Paulo, 
and neoplastic disease in man? and in animal experi- Brazil. k“ 
ments. * Dittman, W. A., and Ward, J. R., Amer. J. Med., 27, 519 (1959). © m 
@rug was allowed to act in the organism for *Ford, C. E., and Hamerton, J. L., Stain Tech., 81, 247 (1956). me 
2 hr. and then bone marrow was obtained by ea 
sternal puncture. The marrow specimen was con- v : ` 
verted into a suspension of cells, treated with a Blocking of Mitosis by Heat Shock 


hypotonic solution, filtered through a special sieve R 

and stained with Feulgen reagent, according to the WHEN eggs of Trichogaster trichopterus var. 

technique described by Ford and Hamerton®. After *matranus (Teleostei: Anabantidae) are subjected 

squashing, the preparations were sealed with hard to + 39/40°C. for 3-6 min., mitosis is temporarily 

paraffin and observed under an oil-immersion lens, #lted, being resumed immediately once the PBB | 

The cells of eight individuals were studied in this &re brought back to normal temperature (+ 27° C.). "4 

way. At temperatures of 40 *5/42° C. for 3-7 min. mitosis 
The preparations showed a satisfactory number 18 halted, while the mitotic structures are changed -~ 

of cells in mitotic metaphase, with good spreading tO an extent which necessitates a re-organization — 

of chromosomes which disclosed the characteristic ®fter the termination of the heat shock before mitosis 

effects of the drug (Fig. 1). Counting, sex identifica- Can be resumed. At still higher temperatures similar 

tion and the study of individual chromosomes could Changes are invoked by the heat treatment, but with 

be easily carried out. To avoid breaking the cells, increasing temperatures the eggs rapidly lose the 

no attempts were made to obtain permanent prepara- Property of post-blocking restitution. l 

tions. No departure from the normal number of The present communication is concerned with the . 


chromosomes was observed in normal cases, except blocking of different mitotic stages in the first and 
second cleavage divisions in T'richogaster using heat 


shocks of + 40-5/42°C. for 30 sec.—7 min. as the 
blocking agent. The material of 240 heat-treated 
eggs was fixed (together with untreated controls) in 
Kahle without water (96 per cent ethanol, 15 parts ; 
40 per cent formaldehyde, 6 parts; glacial acetic 
acid, 1 part), and 10-u serial sections were stained 
with Heidenhain’s hx#matoxylin. 

The changes invoked by the heat shock are as 
follow : 

Prophase (Fig. 1). The nucleus shows a shrunken 
appearance, and the nuclear membrane may have 
broken down. In the latter case the chromosomes 
are found close together, suggesting that the break- 
down has been preceded by nuclear shrinkage. In 
most cases the centrioles have approached one 
another. The asters have been temporarily reduced 
in size and appear generally as a monaster. 

Prometaphase (Fig. 2). The chromosomes appear 
largely unchanged, having retained the condensed 
state of prometaphase. The position differs from that 
of normal prometaphase in t. the chromosomes 

ie field in the 





2 € taphase with 46 chro fi the bo ; me 
ee pg err MMe TESS are found outside the original 
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Fig. 1. Second 
termination of the B 
x 1,000 


Fig, 2. First prometa whe ag blocked by heat shock and fixed 
1} min. after the faemina tion of the treatment. Mitotic axis 
approximately as in Fig. 3. x 1,000 
Fig. 3. First anaphase blocked by heat shock and fixed upon 
termination of the treatment. (The dark bodies between she 
nuclei are yolk granules.) 1,000 


plane of the metaphase plate. The centrioles have 
approached one another. The asters have been 
temporarily reduced in size; they appear as a 
monaster when they rapidly resume their normal size 
after the termination of the heat shock. The spindle 
is rapidly disorganized as a visible structure. 
Metaphase. The chromosomes appear unchanged. 
The centrioles have retained their normal distance 


rophase blocked by heat shock and fixed upon 


Mitotic axis approximately as in 


from one another, giving rise to an amphi-aster 


mitotic apparatus without a visible spindle after the 
heat treatment has terminated. 

Anaphase (Fig. 3). The chromosomes undergo 
vesiculation in the course of the treatment, changing 
into telophase nuclei or tight groups of chromosomal] 
vesicles. In cases interpreted as early anaphase, where 
the separation of the chromosomes had not been 
completed, one vesicular nucleus is found in the 
position of the metaphase plate. In later anaphase 
the chromosomal vesicles or the two nuclei are 
found close to each of the centrioles. The migration 
of the centrioles has been halted, but not reversed. 
The asters are rapidly reduced in definition. The 
spindle loses rapidly in definition, and the interzonal 
part appears to become disorganized before the half- 
spindles contract, bringing the chromosomes close to 
the centrioles. 

Telophase. The features are similar to those found 
after blocking in late anaphase. In some cases, how- 
ever, the nuclei have the same shrunken appearance 
as have nuclei treated in prophase. 

None of the changes described above was found 
in the untreated controls. 

The action of heat shock on the cell centre and 
the nuclear structures seems to be as follows. While 
the migration of the centrioles is halted in all mitotic 
stages, it is reversed in prophase and prometaphase. 
Prior to anaphase, the asters are able to resume their 
cycle of size increase once the heat shock is term- 
inated. If anaphase has commenced, new asters are 
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not formed until after the lapse of some minutes. 
In the nuclear cycle of condensation and extension’, 
the process of the mitotic stage concerned appears 
to proceed during the heat shock, while the switch 
from condénsation to extension at the onset of 
anaphase does not take place during heat treatment. 
The switch in the nuclear cycle in the transition from , 
telophase to prophase appears also to be inhibited. 

(The shrinkage found in some telophase nuclei may 
indicate that the nuclear transition to prophase has 
already commenced before any morphological changes 
can be identified. In the present material the pro- 
cesses of the first- and second-cleavage divisions over- 


lap to a considerable extent (unpublished work).) 


It appears then that the mode of response to heat 
shock varies during the mitotic cycle, and the changes 
in the mode of response—which cannot be explained 
by the methods employed in the present investigation 
—appear to take place simultaneously with the change 
in the number of organizing structures, that is, cen- 
trioles and centromeres. 

This work was supported by a grant from the 
Norwegian Research Council for Science and the 
Humanities. 
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GENETICS 
‘Sage’: a Colour Modifier in Aspergillus 
nidulans 


Contpia of wild-type Aspergillus nidulans are 
green, Dut mutants occur with yellow and white 
spores. The genetical basis for these colour differ- 
ences has been shown by Pont vo! to be due to two 
unlinked genes ; one, Y, controlling spore colour and 
giving green spores, its mutant form y being yellow, 
and the other, W, controlling presence or absence of 
spore colour. The mutant form of this gene, w, 
produces a white phenotype whether Y or y is present. 
We have confirmed this with our material. 

While irradiating a green-spored, biotin-requiring 
strain (W Yb) with ultra-violet light, a pale green, 
biotin-requiring mutant was isolated, which is clearly 
distinet from the colours hitherto described. In a 
cross with yellow (y BJ) this pale green mutant gave 
progeny of four classes of spore colour in e propor- 
tions : normal green and normal yellow together with 
pale green and a pale yellow spored class. It would 
seem that the pale yellow and pale green strains carry 
the mutant gene. This mutant modifies both yellow 
and green pigments and the four classes indicate that 
the mutation has occurred at a gene locus not linked 
with Y. We have called this mutant ‘Sage’, its 
symbol being sa and that of the non-mutant allele SA. 

In order to test this idea a further cross was made 
using the pale yellow of presumed genotype (WF) 
sa y (BI) and a white-spored strain which is known 
to carry Y and requires biotin for growth. Biotin 
and Y are linked by 5-7 units of recombination. The 
results are given in Table 1. 

From these results it can be concluded that : 
(1) the expression of the phenotypes sa Y and sa y is 
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Table 1. Cross: W say 
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Sage ae i : oo $ ! 

: Colours | White: | Pale yellow | Pale green | Yellow | Green | 
nee tern naran enatectermaenmmar nSieu | anna nerimseamvapansssave S S a 
a Frequency | 554 | 186 | 146 | 91 | 81 
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endent on the presence of the non-mutant allele 
b the W locus (whites 55 a). 4 
d Y segregate independently. (3) SA is linked 
ith white (W). This is apparent from the following : 










Parental classes W sgo 


332 ES i 4 fs 
Recombinant classes W SA 172 p84 Per cent recombination 


‘Two other classes, w SA and w sa, occur, but are white 
spored and cannot be used in the analysis. (4) SA 
-and BI segregate independently. 

-It is clear that at least three genes control the 
‘formation of conidial pigment in Aspergillus. 

The change brought about by the mutation at the 


SA locus has been studied by extracting pigment 


< from the pale yellow spores and comparing it with 
 pigpent obtained from normal yellow spores. The 
“metho used depends on the acidic nature of the 
pigment and it is extracted presumably as the sodium 
salt. Acidification of the solution of this salt in 
dilute aqueous sodium hydroxide with dilute hydro- 
-chloric acid results in precipitation of the pigment, 
and it is possible to purify it in this manner. Consis- 
tent curves of absorption against wave-length were 
taken as an indication of purity ; but in order to test 
the method, the pigment purified in this way was 
taken and adsorbed on to a cation exchange resin 
(‘Zeo-karb 225’) and eluted at controlled pH’s. A 
well-defined band was obtained giving identical 
curves with those obtained previously. e 

-A comparison: of the absorption curves as shown 
in Fig. I indicates a certain similarity. between the 
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mu 
purified pigment derived from the 
normal yellow and the pale yellow 








: pigment. 


eolours 504). (2) Sa 


“no dominance, ?. 
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curves of the two pigments. The points of difference 
are the reversal of the heights of the peaks at 228 mu. 


upward trend at 200 my in the case of the pale yellow 
Besides the peaks shown, there is an 
additional peak.at 410 my in both pigments, but this 


_..,is slight compared with the absorption at the shorter 
| wave-lengths. ee . 


The difference promoted by the sa mutation is 
therefore one of quality rather than of quantity, 


My thanks are due to Prof. D. Lewis and Dr. D. 
Wilkie for their help, aud “criticisms. ` This work has 
been carried out with the help of a grant from the 
Medical Research Council. á 

B. J. KILBEY 

Department of Botany, 3 * 
University College, 

London, W.C.1. 
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Inheritance of 8-Globulins in Serum and 
Milk from Cattle 


Usine starch-gel electrophoresis Smithies and A l 


and 280 my and the appearance of an additional — on 


¿and it seems reasonable to suppose that a chemical > 
change has occurred in the structure of the pigment. — 
„The nature and biosynthetic significance of the change 
is.not yet clear, . . 


Hickman’ recognized five cattle B-globulin pheno. 
types... In a preliminary communication Ashton? also: 


described five phenotypes, but after critical examina. 
tion.of some matings he detected a sixth phenotypes. = 


The results indicated that the 8-globulin types were 


determined by three alleles named 64, BD and BE, with _ 
However, usually it seems to be 
difficult to distinguish the two phenotypes DIE and ` toe 


EJE. 


¿In order to improve the separation of the 8-globu- — 














lins some modifications of the technique of Smithiess 


with horizontal gel were applied in the present work. a 


A “tris-buffer pH 8-9 (trishydroxymethylamino- 
methane, sigma 7-9, 20-2 gm./l:, ethylenediamine 
tetraacetic acid, 2-0 gm./l.,and boric acid, 1-5 gm./1.) 
was used as electrolyte. A similar, but more concen. 
trated, buffer has been described by Aronsson and 
Grönvall’. In the present work starch gels were 
prepared from 36-6 gm. acid-hydrolysed potato 
starch in a dilution of 90 ml. electrolyte and 210 ml. 
distilled water. A voltage gradient of 7 V./em. was 
applied for 6 hr. with gels having a dimension of 
220 x 130 x 6mm. This system has the advantage 
that the separation of the 8-globulins is improved, 
the procedure is of shorter duration, and only one 
kind of buffer is needed. Eight samples inserted 


with the starch grain method can be analysed every- 


time. A slice, 2 mm. thick, in the middle of the gel is 
stained in a solution of amido-black 10 B. For 
routine. work, it is possible with the present method 
to insert 2.x 8 serum samples on pieces of Whatman 
E17 filter paper (8 samples 3 cm. and 8 samples 
12 cm. from the cathodic side) and to reduce the time 
for the experiment from 6 to 4 hr. 

The six 8-globulin types are shown in Fig. 1. 
There is a close agreement between these types and 
those shown diagrammatically by Ashton’, However, 
the phenotype E/E often has a faint fourth band but it 
is always possible to distinguish it from the D {E-type. 
The type A/E has five bands only, but the middle 
band is sometimes a little broader than the others. 
Ashton? recognized six bands in this phenotype. 
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Alb. 


Migration 
-> 








AJE 


DIE DID Aj A 
Serum types 


Fig. 1. ‘Photograph from an analysis of cow sera, showing typical 
examples of the six -globulin serum phenotypes, Alb., albumin: 
as 8, A-globulin ; Sa, slow a-globulin 


A/D B/E 


Serum samples from 707 animals of the Swedish | 


Red and White Cattle breed (SRB) belonging to four 
different herds have been analysed. The estimated 


“gene frequencies, 84 = 0-4682, BD = 0-2263, and 


E = 0-3055, are quite different from those found 
by Ashton? and Højgaard’. The results in Table 1 
indicate a close agreement between the observed 
distribution of serum types and that expected under 
genetic equilibrium. It is, however, noteworthy that 
there is a deficiency of individuals in all three homo- 
zygous classes, and a corresponding excess of the 
three heterozygous types. 

Table 1. OBSERVED AND EXPECTED DISTRIBUTIONS OF SERUM TYPES 


ts CATTLE FROM Four DIFFERENT HERDS OF SWEDISH RED AND 
WHITE BREED a 



















~erum types 
AJA A/D DE DID EE AJE 
Observed 147 151 103 33 56 Zi7 | 
Expected 154-07 149-32 97-76 36-21 65-99 202-25 | 707 
DP =3 Fi y = 3°57 050 > P > 0-30 | 


it is evident that the $-globulin types are not-influ- 
enced by the foetal vascular anastomosis occurring in 
most twin pairs. The red cell antigen test for dizy- 
gosity is relatively laborious and sometimes also 
difficult to interpret in dizygous twins having erythro- 
cyte mosaicism’. Thus, the 8-globulin test provides 
a short method with which at least a part of the 
dizygous pairs will be detected. 

Some samples of cow milk (colostral as well as 
normal) treated as described by Aschaffenburg and 
Drewry® in their investigation on (-lactoglobulins 
were also subjected to starch gel electrophoresis. In 
addition to the rapidly moving 8-lactoglobulin and 
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B-l-glob. 
a-l-alb. Alb. 
| 
ñ Y f p 
J 
- 
= x + Na 
Milk Blood serum 
colostral normal 
Cow No. 922 922 408 922 408 


Fig. 2. Photograph from an analysis of colostral milk from 

cow No. 922 (3 days after parturition), normal milk from cow 

No. 408 (2 months after parturition), and blood serum from the 

same cows, classified as D/E. f-l-glob., §-lactoglobulin ;} a-f-alb., 
a-lactalbumin 


a-lactalbumin the colostrum samples showed some 


components with a pattern and a migration-rate 
corresponding to the serum §-globulins of the same 


cows (Fig. 2) ; also a protein band in the post albumin 
zone could be seen. With normal milk gaken 2 
months after parturition the globulin-like pattern 
was very faint. A component with a migration-rate 
comparable to fast «,-globulin appeared clearly. 

Financial support for this work was provided by the 
Swedish Agricultural Research Council. 
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VIROLOGY 


Crystallization of Purified Mouse 
Encephalomyocarditis Virus Particles 


Mouse encephalomyocarditis virus is one of a 
group of viruses known to be pathogenic to a variety 
of animals'. Partial purification of the virus has 
been reported using protamine precipitation of 
opens of infected mouse brain and the virus particle 

ound to be 27 my in diameter*. Recently, it was 
shown that the virus could be adsorbed on and eluted 
from columns of calcium phosphate without destroy- 
ing infectivity*. In order to obtain analytical data 


‘on the composition of the virus to perform 
biochemical studies on the effect’ of virus multiplica- 


tion on the metabolism of Krebs ascites cells, we have 
developed a method for the purification and. crystal- 
lization of encephalomyocarditis virus. 
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The strain of encephalomyocarditis virus used was 
obtained through the courtesy of Dr. Kingsley 
Sanders, and its origin has been described‘. 

Complete details of the method of growing this virus 
on & large scale will be published shortly, An 
outline of the method is given here. Krebs Il mouse 
ascites cells were suspended in Earle’s medium to a 
final concentration of 2 x 10’ cells/ml. and were 
inoculated with an unpurified virus suspension con- 
taining abeut three infective particles per ascites 
cell. The suspension of infected cells (in 100-ml. lots) 
was incubated at 37° for 18 hr. After this time the 
cells were spun down at 2,000g for 10 min. at 4° C. 
The supernatant was then centrifuged at 11,000 
for 10 min. at 4° C. and the peeeenaseess centrifuged 
for 60 min. at 105,000g in a ‘Spinco’ preparative 
ultracentrifuge. The ‘Spinco’ pelleta from three such 
cultures were combined and suspended in 0-02 M 
sodium phosphate buffer, pH 7-0. Purified trypsin 
was added to a final concentration 0-01 per cent and 
the suspension incubated 60 min. at 37° C. The 
brownish-coloured solution was diluted threefold 
(usually to 30 ml.), and applied to a column (25 mm. 
diameter, 8 cm. long) previously packed with calcium 
phosphate in 0-02 M phosphate buffer, pH 7. Cal- 
cium phosphate used for chromatography was 
prepared as described by Taverne, Marshall and 
Fulton’, A phosphate gradient was then applied 
to shegcolumn by allowing 125 ml. 0:5 M sodium 
phosphate (pH 7-0) to siphon from a 175-ml. conical 
flask into a cylindrical mixing chamber (4:5 cm. 
diameter) which initially contained about 90 ml. 
0-02 M phosphate (pH 7-0). The virus was eluted 
when the inorganic phosphate concentration of the 
eluate was between 0-2 and 0:3 M. Virus concentra- 
tion in the frac tions was measured by hamagglutina- 
tion. 

Concentrited virus was usually contained in about 
15 ml. of column effluent. This was dialysed for 3 hr. 
at 4° C. against 0-02 M phosphate buffer. After 
dialysis the material was applied to a second galcium 
phosphate column (9-5 mm. diameter, 10 cm. Jéngth) 
and eluted as described for the first column. Fractions 
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rich in virus were again pooled and centrifuged for 
60 min. at 105,000g in the ultracentrifuge. The white 
pellet which formed was drained free of the super- 
natant and dispersed in 0-1 ml. sterile saline (0-9 
per cent w/v sodium chloride). The tube containing 
the virus suspension in saline was stoppered and left 
at 4°, and within 48 hr. crystals had deposited. 

A photograph of the crystals obtained by dark-field 
microscopy is given in Fig. 1 (x 600). The crystals 
have the form of rectangular wafers. When mounted 


in saline they exhibit Brownian movement and are 


quite thin, their thickness being about 10 per cent 
of their length. An X-ray scatter diagram of a 


suspension of the crystals was obtained by Mrs. 


Kennard of this Institute. The photograph showed 
a repeating pattern characteristic of macromolecular 
organization. 

The crystals dissolved in phosphate-buffered saline 
at pH 7:3 show an absorption maximum in the 
ultra-violet at 258 my and.a minimum at 240 mu. 
Analysis of the crystals showed that the ratio ribo- 
nucleic acid/total nitrogen was 2-12. This result 
indicates that the virus contains about 30 per cent 
ribonucleic acid. 

Dispersion of the crystals in phosphate “buffered 
saline gave a suspension containing infective virus 
particles with the following biological activities ; 


Heemagglutination units/mgm. ribonucleic acid = 


2-32 x 108. 


Plaque-forming units/mgm. ribonucleic acid = 
5 x 10” 


Although encephalomyocarditis virus particles 
have approximately the same shape and ribonucleic 
acid composition as those from MEF’-1 poliomyelitis’, 
the crystal form of the two viruses is quite distinct. 
Poliovirus crystals are tetragonal prisms with 
pyramids at each end, whereas the encephalomyo- 
carditis virus forms rectangular wafers. 


P. FAULKNER* 
E. M. MARTIN 
S. SVEDİ 

T. S. WORK 


National Institute for Medical Research, 
The Ridgeway, 
Mill Hill, London, N.W.7. 


* On temporary transfer from the Insect Pathology Research Institute, 
Sault Ste. Marie, Ontario, Canada. 


t Present address: McGill University, Department of Psychiatry, 
Allan Memorial Institute, 1025 Pine Avenue, W. Montreal, Canada. 


'Jungeblut, C. W., in “Handbuch der Virusforschung”, 4, 459 
heal Verlag, Vienna, 1958). 

* Weil, 2M. Warren, J.. Breese, S. S., Russ, S. B., and Jeffries, H., 
J. E Bact., 63, 99 (1952). 

* Taverne, J.. Marshall, J. H., and Fulton, F., J. Gen. Microbiol., 19, 
451 (1958). 

t Hoskins, J. M. and Sanders, F. K., Brit. J. Exp. Path., 38, 268 (1957). 

* Schaffer, F. L.. and Schwerdt, C. E., Proc. U.S. Nat. Acad, Sci., 41, 
1020 (1055). 


Influence of Route of Inoculation and Strain 
of Mouse on Infectivity Titrations of the 
Virus of Foot-and-Mouth Disease 


In the original experiments in which fatal infection 
of unweaned white mice with strains of the virus of 
foot-and-mouth disease was first demonstrated’, the 
mice appeared to be equally sensitive to inoculations 
by the intracerebral and intraperitoneal routes. 
Because of its greater convenience, the intraperitoneal 
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route ” been adopted as a, standard method of 
infecting mice four-eight days éld. We have, now 
found that mice of this age are moře sttsceptible to 
infection with most strains of the virus if the inocula- 


tion is made at other sites, namely, the muscles of “ 
the hind limbs and the pectoral region, or subcutane- 


ously beneath the raised dorsal skin. | | 

Virus strains of widely different history were 
titrated simultaneously using the intraperitoneal 
route, and one.or more of these other routes in mice 
four-eight days old. 
constant in any one E but in di 


‘Using a ve: fold. series of virus: dilutions,” 
six mice were panoeuloven 4 at. each: dilution by nel 
routs. X 


cnweanel mice:were andora ‘among ‘the mothers 

~gight=ten mice per mother—and all the dilutions 
distributed within every litter, Two mice per dilution 
per litter and separate litters for each route were 
usually.used. 50 per cent end-point dilutions were 
estimated by the Spearmann—Karber method?*. 
Under these conditions, a méasure of the precision 
of the 50 per cent end-point estimates is given by the 
‘average variance of individual litter end-points (Vz). 





Our Va estimates, in logi, units, for randomized five- 
seven day old mice of the Pirbright P strain with the 
| number of: degrees of freedom on which these estim- 

` atos a 
-0-1119 (158); 
. subcutaneous, 0:1307 (20) ; 


are based (in brackets) are: Intraperitoneal, 
intramuscular pect., 0-1258 (41); 
intramuscular, one limb 
0-1701 (12); intramuscular, two limbs, 0-1137 (71). 


in a few experiments the unweaned mice were not: 


randomized, but different routes of inoculation at the 
same dilution were randomly distributed within every 


litter. 


ee susceptibility expressed in log,, units 


Passage host: 


Our results with the Pirbright P strain of mouse are. 
The folowing are:our general 


shown in Fig. 1. 
conclusions. (1) P strain mice are almost invariably 
more sensitive to these virus strains when inoculated 
by the intramuscular limb, intramuscular pect. or 
subcutaneous routes. The difference is significant 
at the 5 per cent level in about 60 per cent of the 
comparisons. (2) There is good agreement between 


1-6 
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Fig. 1. Relative susceptibility of P strain mice to infection with strains of the virus of 
routes using the intraperitoneal route end-point as a base-line (0-0). 
©, Intramuscular, Hmb; Cl, intramuscular, pect. ; 


, ASF, Dutch 0, M.11, and 1, ad Eee all type Vallée 0. 


Virus code: 1~6. Strains 39, Ven. 1 


Rho.1, B.Y.7, and Pak, 1, types Vallée A, W aldmann Ç, 
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to be more sensitive than 





the JD50/ml. of the initial virus suspension.” 
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(3) The magnitude of the difference 


a any two routes depends on, and is a charac- 


teristic of, the strain of virus used. We could not 
establish a correlation with any viral property such as 
“dermotropicity, immunological type 

(4) Tests using the two intra- ~ 






or passage history. 


‘Yhusculgy.routes are of-about equal sensitivity within .. 







imental error, and appear. 
ests using the subcutaneous © 
route. In some of the experiments simultaneous com- 
parisons were made also in older mice. Susceptibility 
to infection diminished with increase in age less rapidly 
in intramuscularly than in imtraperitoneally in- 
oculated mice. m 

The effect of the volume of inoculum on the 50 per 
cent end-point dilution was investigated in mice a 
week old in several experiments with the 119 mouse- 
passaged strain. Volumes of 0-01 ml. and less were 
inoculated with a microsyringe. -The efficacy “of the 
various vohime-levels was compared by calculating 
< The 
intraperitoneal and subcutaneous routes were*tested 
by inoculating volumes ranging from 0-001 to 0&7 Ml.. 
and no significant or consistent variation in the 
I D50/ml. was detected. The intramuscular limb route 
(inoculating only one limb) also showed no such 
variation over the volume range 0-0001-0-01 ml. ; 
but when increased to 0-03 and 0-035 ml. (two experi- 
ments) the 1D50/ml. was less than that expected by 
log, 0-46, 0-53 and 0-71 respectively. „For maximum 
efficiency of this route, the volumo inoculated per 
limb should not therefore exceed 0-01 ml. 

Only P strain mice were used in the experiments 
so far discussed. Using this strain as a control, the 
relative «susceptibilities to infection by the intra- 
peritoneal and intramuscular (two limbs). routes of 
jneoplation have: been inyortigatod, m, mice of the 











faired at thia Tngtithte. Eeport were so de- 
signed that any change in the infectivity of virus 
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dilutions during the period of the inoculations could 
not enhance or minimize any differences attributable 
tö the mouse strain or route of inoculation. Usually, 
four or five randomized litters of ten mice were used 
per mouse strain per route. The results will be pub- 
lished in detail elsewhere (H.8.8., in preparation). 

The following ‘general pomts have emerged : 

(1) Some of these mouse strains differ by as much 
as 1-3 logio units in ther susceptibility to infection 
by the intraperitoneal route used. 

(2) Irrespective of the susceptibility to infection 
of a mouse strain, the intramuscular limb 50 per cent 
end-point is with almost all virus strains higher than 
the intraperitoneal 50 per cent end-point. Actually, 
19 out of 22 experiments with 14 different virus 
strains showed a difference from 0-1 to 1-6 log,, unite 
in favour of the intramuscular route (43 separate 
comparisons). In the remaining 3 experiments the 
difference varies from 0-0 to 0-5 in favour of the 
intraperitoneal route (6 separate comparisons). 

(3) Two mouse strains (Pirbright B and G) are less 
susceptible to infection than the P strain. They 
consistently gave lower 50 per cent infective end-point 
dilutions when the mtraperitoneal route and tho 
intramuscular (two limbs) route were compared. 
In addition they appear to be more variable, as the 
Va estimates for these strains are considerably higher 
than the corresponding P strain estimates. 

44) [hree mouse strains (Pirbright A, O and C57) 
are more susceptible to infection than the P stram. 
With one exception, the only mouse-passaged stram 
tested (gee 6, below), they consistently gave higher 
end-points when the intraperitoneal route was 
compared and also in 16 out of 21 comparisons of the 


intramuscular route. The Vz estimates of these 
strains: are _very- similar to those of the P strain. 

(5) The magnitude of the difference between the 
intramuscular and intraperitoneal routes with any 
given. virus strain depends also on the mouse strain 
in which the comparison is made. Thus in two 
experiments with virus strain RV 7, differenees found 
in P strain mice were 1-4 and 1-5, while in A strain 
mice they were respectively 0:4 and 0-7 logy, units. 

(6) Experiments with virus strain 119 at its 292nd 
intraperitoneal passage in unweaned P strain mice 
suggest specific adaptation of the virus to the 
unweaned P strain mice, when the accustomed route 
of inoculation is used, We have found the intra- 
peritoneal end-point consistently higher in P strain 
than in A strain, but the reverse is true for the 
intramuscular end-point. 

As the Vr estimate for testa made by the intra- 
peritoneal route is as low as that of more sensitive 
tests made by the intramuscular or subcutaneous 
routes, the intraperitoneal route of inoculation 
remains a suitable one for titrations of infectivity 
when relative concentrations of virus are bemg 

However, when materials suspected of 
containing only traces of virus are tested, the more 
sensitive test routes should-be used. These routes 
should also be of value when particle counts are being 
correlated with infectivity. Additional improvement 
of sensitivity may be achieved by choosing a more 
sensitive mouse strain than the one which is in use. 
Our results indicate that different laboratories may at 
present be using mouse strains differing im their 
susceptibility to infection by at least a factor of ten. 

When an attempt is made to compare the sus- 
ceptibility of different mouse strains, virus pre-adapted 
to one of the strains should not be used. 
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Simultaneous titrations of most cattle strains of 
virus intraperitoneally in unweaned mice (0-03 ml.) 
and intradermally on the tongues of two steers at 
multiple sites (0-1 ml. per site)? have been shown to 
result in similar 50 per cent end-point dilutions in 
both species‘, although there is a threefold difference 
in the volume inoculated. Our colleagues, Martin, 
Mowat and Pay, have since made the same observa- 
tion on several occasions (personal communications). 
Using three cattle strains of virus, we have, in collabor- 
ation with our colleagues Davie, Davies and O’Reilly, 
made simultaneous titrations as above m cattle and 
intramuscularly- (0-02 ml.) in P strain mice.- The 
50 per cens end-point dilutions in mice exceeded those 
m cattle by logio 0-4, 0-6 and > 1-7. Allowing for 
the difference in volume inoculated, our results indi- 
cate that the mice in these tests were log,, 1-1, 1-2 
and >. 2:4 times more susceptible to infection than 
the cattle tongue epithelium. Alternatively, assum- 
ing that the mice and epithelium were of equal 
susceptibility, then, in the latter, only a fraction of 
the virus dose succeeds in initiating a lesion at the 
site of inoculation. 

WENDY HEATLEY 
H. H. SEINNER 
H. SUBAK-ŠSHARPE 
Research Institute 
(Animal Virus Diseases), 
Pirbright, Surrey. 
1 Skinner, H. H., Proc. Roy. Soc. Med., 44, 1041 (1951). 


tort. gey. D. J., “Statistical Method in Biological Assay” (0. 
d Oo., "London, 1952). 


altace = M., Agric, Res. Council Rep. Ser. No. 8 (H.M. 
Stationery Office, London, 1949). 


‘Skinner, H. H., Henderson, W. M., and Brooksby, J. B., Nature, 169, 
704 (1962). 


PSYCH OLOGY 


*““Self-Regulation for Children” 


In the review of our book “The Free Family”, in 
Nature of April 2, p. 38, Prof. Vernon says that 
“it is clear that the children experienced considerable 
difficulty in adapting themselves to the society of 
children very differently brought up”, and he asks 
for independent evidence for their “spontaneity, 
poise and stability”. 

Allow me to say that Prof. Vernon could only have 
gained the first false impression because we describe 
in detail the kind of conflicts one of our children had 
in a specific instance. This certainly does not imply 
that our children had more difficulties in ‘socializa- 
tion’ than other children. This is particularly true 
for the second, third, fourth and fifth child: All 
their school reportes have tended to stress their ability 
to co-operate. 

The mdependent evidence Prof. Vernon asks for 
can also be supplied in part: the oldest child is one 
of 19 children in Nottingham to have received a 
free place at the Nottingham Girls’ High School; 
further, two ‘television teams’ spent a whole day with 
the family shortly after the book came out, and 
although adverse points were of course made, none 
doubted “spontaneity, poise and stability”. 

We started self-regulating children when I was a 
student on a very meagre grant and I have always 
had little inclination for leisure. Flexibility we have 
had, more so than the normal parents, and it is 
useful; but money and leisure are not important 
criteria. We agree with Prof. Vernon that self- 
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regulation will be practised only by a fortunate few, 
but the criteria of selection is likely to be vitality and 

capacity to love, both symptoms of psycho-somatic 
health. 


PAUL RITTER 


7 Magdale Road, 
Nottingham. 


It may well be that enthusiasm on the part of the 
parents is a more essential condition than are any 
material circumstances for carrying out ‘self-regula- 
tion’ in the family successfully. Nevertheless, the 
success of this procedure can be adequately assessed 
only from studies made by independent psychological 
observers of a fair sample of such families and of the 
personal and social adjustment of the children. 


M. D. VERNON 


The University, 
* Reading. 


MISCELLANY 


The Problem of Language in Publications 
of Works in Scientific and Other Fields 
of Learning 


THE predommance of the English language in 
modern scientific and technical literature, of which 
the research workers and writers of reviews are well 
aware, was clearly demonstrated in an important 
report published by Unesco’ on different aspects of 
the language problem in science and technology. 
It would indeed be interesting to obtain similar 
information on published works in other fields of 
knowledge. 

The problem of language is net a new one and has 
been discussed by mon of learning at different times. 
Significant and prophetic in this respect was the 
letter? by David Hume to Gibbon dated October 24, 
1767. It concerns one of the early attempts by 
Gibbon to write a historical essay which he devoted 
to the history of the Swiss Republic. In the selection 
of this subject he was influenced by his Swiss friend 
Deyverdun and the feeling he had for Switzerland 
as his country by adoption. He began to work on 
this essay in 1764 when, as he wrote: ‘‘The Decline 
and Fal of Rome I still contemplated at an awful 
distance 

“Tt ig but a few days ago,’ wrote Hume, “since 
Deyverdun put. your manuscript into my hands, and 
I have perused it with great pleasure and satisfaction. 
I have only one objection derived from the language 
in which ıt is written. Why do you compose in 
French, and carry faggots into the woods, as Horace 
says with regard to Romans who wrote in Greek ? 
I grant that you have a like motive to those Romans, 
and adopt a language much more generally diffused 
than your native tongue: but have you not remarked 
the fate of thoge two ancient languages in following 
ages ? The Latin, though then less celebrated, and 
confined to more narrow limits, has in some measure 
outlived the Greek, and is now more generally under- 
stood by men of letters. Let the French, therefore, 
triumph in the present diffusion of their tongue. 
Our solid and increasing establishments in America, 
where we need less dread the inundation of Barbarians, 
promise a superior stability and duration to the 


English language. 
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“Your use of the French tongue has also led you 
into æ style more poetical and figurative, and more 
highly coloured, than our language seems to admit 
of in historical production. pees 

Reflecting on some defects of his essay, Gibbon 
wrote? : 

- “My ancient habits, and the presence of Deyverdun, 
encouraged me to write m French for the continent 
of Europe ; but I was conscious myself that my style, 
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_above prose and below poetry, degenerated into a 


verbose and turgid declamation. Perhaps I may 
impute the failure to the injudicious choice of a foreign 
language. Perhaps I may suspect that the language 
iteelf is 1 adapted to s-jstain the vigour and dignity 
of an important narrative. 

One may ask to what extent Hume’s letter and 
these reflexions influenced Gibbon, when he was 
ready for his work on the “Decline and Fall of the 
Roman Empire”, m adopting for it a language more 
suitable “to sustain the vigour’and dignity of an 
umportant narrative’?. Hume's letter reflected no 
prejudice on his part against France, where he lived 
for several yoars, enjoying the friendship of many 
distinguished persons, and where he found more 
admirers than in his own country*. On the contrary, 
this letter illustrates the generally accepted unrivalled 
position then occupied by the French language among 
men, of learning, @ position which had already been 
recognized before Hume’s time and which wag held 
for almost a century following his letter to Gibbon. 
Educated people and scholars of different countries 
read in French the works of the great French philoso- 
phors, writers and scientists, and many of them could 
write and speak in French as well as in their mother 
tongues. It is therefore not surprising that many of 
the universally admired works of learning both in 
science and letters, published in France from the 
beginning of the eighteenth until the middle of the 
nineteenth century, were not translated into other 
languages, including English. 

The faot that the English language is on the way to 
occupying, at least in some respects, the position 
previously held by the French language, fulfils 
Hume’s prophecy beyond anything he could have 
contemplated, especially if we consider the rapidly 
growing activity in different fields of learning and the 
production of works of marked scholarship in the 
country which he referred to as our “solid and 
increasing establishments in America’. 

Although there is no sign yet that the prevalent 
use of the English language is abating, or has even 
reached its peak, one must not forget Hume's 
remark ag to the fate of other, once dominant, 
languages. Moreover, the prevalence of ong language 
does not necessarily imply a loss of interest in the 
others. On the contrary, this interest, being freed 
from. more practical purposes, will not cease to be 
stimulated by the desire to appreciate and enjoy 
more fully the cultural life of the corresponding 
country, which can scarcely be satisfied without the 
knowledge of its language. 


D. Kero 
Molteno Institute, 
University of Cambridge. 
1 “Setentifie and technical tra other aspects of the janguage 


nslating and 
roblem’’. Documentation and Terminology of Science. 
Atar, Genéve, ee the 
and i alll (see DP. 204-205), new edition, 1814 (John Murray, 


Lond 
* Greig, J. Y. T., “David Hume” (Jonathan Cape, London, 1931). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, June I3 ae 


ROYAL QGBOGRAPHIGAL Soctwry (at 1 Kensington Gore, London, 
5.W.7)}, at 8 p.m—Annual General Meeting. 


BRITISH Sootry FOR TEA PHILOSOPHY OF BOINOR (in the Jomt 
Staf Common- ae Caen College, Gower Street, London, 
W.C i}, at 5.86 -m—Prof, 3 tabursky : “Conceptual Develop- 
ments m Greek Scrence’’, 


Tuesday, June 14 


ZOULOGIOAL Soormty oy LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 6 p.m.-—-Sorentufic Papers. 


UNIVERSITY OF LONDON (at “ae Wess at of Arohwo » Inner 
Circle, ae ee Park, London, N.W, at 5.45 p.m.— S. J. 
Hallam Bome of Romano- british Settlements Round the 
ea * aa of nine lectures on “Recent Archsological Discovery 
n Britain’ 


r 


Wednesday, June [5 


SOLIETY oF CHEWIOAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, § Ww 1), at 10 a.m. and 2 15 p.m.-——Meeting on “‘Oxida- 
tion of Mild Steel”. 


ROYAL aEmZOROLOgTOAL ber re (at 49 Cromwell Road, London, 
8.W.7), at 5 p.m.—Mr. Mason and Mr. J. Maybank : “The 
ee and Blecirineation of Freexing Water s oF Presipita 

Murgatroyd and Mr. M. P, Garrod: “Observations of ipita- 
ton Elementas iw Cumul un ude Mr, F. Singleton: “Aircraft 
Observations of Rain ana Drissle from Layer Clouds”. 


UNIVERSITY COLLEGE, DEPARTMANT OF PHARMACOLOGY (in the 


a Thone, Gower Stree opan W.0.1), at 5 p.m.—Dr.. 

H ©, Switzerland) : of Unnary Concen- 

pation rag Dilution” (The Renal gf eee a Anniversary 
ecture 


Me, fir’ eee (at 21 Albemarle Street, London, W -1), at 
Prof. A. H. Cottrell, F.R.8. : “The Strength of Solds”. 


Thursday, June 16 


BairisH INSTITUTA OF RapioLoay (in the Library, 32 Welbeck 
Street, London, W.1), at 4 p.m.—¥irst Meeting of the Discuasion 
roup. 


ROYAL Soompry (at Bur mn House, Picea 
at 4.30 p.m.— Prof. Sir John Ecoles, F.R.S.: “The 
Inhibitory Action” (The Ferner Leotare), 


LONDON MATHEMATIOAL SocTRry {at the Royal Astronomical 
Society, Bur oa Houte, Picoadilly, London, W.1), at 5 p.m.— 
Prof. yV. K “Some PEA of Spectral Theory”. 


ROYAL een oP TROPIN MHDIOINE AND HYGINE (at Manson 
House, 26 Portland Place, London, W.1), at 7.80 p.m—Annual 
General Meeting, followed. by Bir Manson-Bahr . Ki the 
World in 85 Days”, Hlustrated by lantern alides. 


Friday, June 17 i 


BRITISH InstrruTR oF Raptonoay (in the Re:d- Knox Hall, 32 
Welbeck Street, London, W-.1), at 2 p.m.—Radiobiology Meeting.’ 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned : 

BIOOHHMIST (non-medical), for research on problems connected with 
a ee ical diseasse—The Soaretary veel ber ad Tropical Diseases, 
t. Laptop beg Londain, feat 1 cone 17) 


London, W.1), 
ature of Central 


eae ea ws (2) IN ene eee reget ah e 
Registrar een e (Univers o ndon), 
Roan, London, E. T Ons 17). 

ASSISTANT, Grade “B”, IN PrRysios-—The Puniar, College of 


Advanced Technology, Gosta Green, Bienes (June 18). 
ASSISTANT? IN THE DEPARTMENT OF MORAL PRILOSOPHY—The 
Secretary, The University, Edinburgh (June 18). 
LEOTURER (graduate in engineering or physics, and prereb ly 
experience of experimental reactor physics or heat transfer) IN 
NUCLEAR ENGINMERING—The Registrar, The University, Manchester 


18 (June 18). 

Sapte TO TAKE OHARGE OF METALLURGICAL TRHACHING AND 
RESEAROH THE DEPARTMENT OF MECHANICAL ENGDYEmRING— 
The Becrotary, University College, Gower Street, London, W.C.1 
{June 

CHAM OF BIOCHEMISTRY -The Secretary of the University Counail, 
Ey Sole Colleges, Dublin wane 20). 

preferabil th expertence with high vacuum and plasma 
Eeee and a serious eae earch) to teach the theory and 
practice of electronics as apphed to vacuum and gas discharge devices 

—Prof. Tustin, Department of Hiectrical ae Tapal 
College of Science and Technology, London, 8.W.7 Ter os 

RESRARCH STUDENT haar & good nonanta dogres, Le in 
organic heey or biochemistry) LOGY—The 

trar, Trinity coches? Dublin (June 20). 
O Oy¥iogrk or SENIOR AOLSNTIFIO OFICHE (honours 
podonte in chemistry, preferably Ph.D. with experience tn research 
radiation chemistry or Rarpay and fa with the use of 
radiation sources, dosime and protection of personnal) at the Low 
Temperature Reasearch sores Cambridge, to work in a group study- 
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ing the preservation of foods with ionizing radlations-——-The Secretary, 

on ads Research Station, Downing Street, Cambridge 
une 

ASSISTANT LECTURER IN APPLIND MATHEMATIOS (DIGITAL COM- 
eG) The Secretary, The Queen’s ba hk pe Belfast (Fune 22).- 

LEOTURERS (with a good honours d as and preferably with teach- 

rips Shee la a IN (a) Persos and ÖHEHISTRY at the Nigerian 
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“THE TRAINING OF POSTGRADUATE -S UpENTs 
E > s rJ 


.. JOINT committee appointed by the Institute 
of Physics and the Physical Society has pre- 
pared an admirable report on the postgraduate 
training of physicists in British universities. Besides 
university professors of physics its members included 
industrialists of the standmg of Dr. R. Beeching, 
who is a director of Imperial Chemical Industries, 
Ltd., and some twenty other physicists attended one 
or more of its meetings to give ther views. The 
report* does not claim to be more than a first step 
in investigating & very big problem, and is, ın fact, 
concerned mainly with problems arising in training 
those who are working for the Ph.D. degree, including 
the suitability of that degree as a preparation for 
fundamental and applied research. It is packed with 
common sense and, taken with the lecture on “The 
Education of Chemists” which Prof. T. L. Cottrell 
delivered at Edinburgh last November, with which 
the report may appropriately be read, ıt affords clear 
evidenge of fresh thought about the nature and 
content of university courses, and indeed of pro- 
fessional courses both inside and outside the univer- 
sities. In fact, issues are raised if not fully discussed 
which should certainly be considered by the Royal 
Institute of Chemistry in determining points of policy 
arising out of the tentative proposals for a new grade 
of membership and category of affiliation. 

In British universities postgraduate training in 
science has been essentially preparation for the Ph.D, 
degree: the bachelor’s degree with honours has been, 
and is still, the qualification which often represents 
the completion of a future scientist’s formal university 
education, and at this stage many graduates, including 
some of the ablest, enter government and industrial 
laboratories for careers which may include original 
and fundamental research. The view was put to the 
Committee that in any foreseeable circumstances the 
recruitment of adequate numbers of Ph.D. students 
ig essential for the vitality of university departments 
which are actively concerned with the advancement 
of knowledge. Without questioning the view that 
the prosecution of original research is a major 
university responsibility, and recognizing the exist- 
ence since the Second World War of a large and only 
partly satisfied demand from industry and from 
government departments for graduates in physics for 
research and development, the Committee sees post- 
graduate training as an aspect of the wider issue of 
the most effective use of scientific ability of a high 
level. Its scrutiny is penetrating and some of its 
comments are strikingly similar to those of Prof. 
Cottrell on the training of chemists. 

The report points out that the traming of the 


research worker in British universities rests upon four 

* The Postgraduate Training of Physicists in British Universities : 
The Report of a Joint Committee appointed by the Institute of 
Physics and the Physical Society. Pp. 19. (London: Institute of 
Physics, 1960.) 2e. 
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assumptions... First, it presuppasis enlightened super- 
vision in an atm o, of Yngturity. Secondly, it 
assumes that all the reseasfh students have the 
innate qualities that will allow them to profit by this 
form of training. Implied in this assumption is 
successful selection, and that those who gain a 
research degree will be characterized by manifest 
research ability and maturity. Thirdly, it assumes 
that physicists of the highest potential ability will 
benefit from a broadly similar method of research 
traming whatever their ultimate work may be, 
though it is recognized that in the past theoretical 
physicists have tended to come from those trained 
as mathematicians. Fourthly is the assumption that 
the present level of the first degree is the appropriate 
stage at which the basic and common education of a 
scientist may cease, and that additional knowledge 
required to be gained beyond this stage is knowledge 
of a specialized nature determined by the field of 
research being undertaken. 

It is against this background that the Committee 
examined criticisms made of present practice in 
Britain, some of which imply a complete denial of 
one or more of the assumptions. From within the 
universities the adequacy of the three-year under- 
graduate course has been questioned and a four-year 
course has been advocated purely on the ground of 
the growth of physics rtgelf in recent years. While 
the report makes no comment on an important point 
made by Prof. Cottrell that scientific advances, by 
including more facts in the scope of a wider general- 
ization, may reduce rather than increase the amount 
of information to be memorized, the Committee 
clearly recognized gerious practical difficulties in 
increasing the length of undergraduate courses; and 
the practical suggestion made by the Committee is 
rather the desirability of a further one-year university 
course for selected students. 

It is the industrial criticiam that is strikingly 
parallel with Prof. Cottrell’s comments on the. 
training of chemists. The chief defects in the quality 
of Ph.D. graduates recruited are lack of scientific 
originality, lack of good theoretical knowledge of 
physics and lack of flexibility and adaptability. The 
first is primarily a criticiam of the selection of research 
students, or of the unwillingness of universities to 
refuse to award the degree to those once accepted ; 
but it could also be a criticism of poor supervision 
and of bad selection of problems tackled, which might 
stifle scientific originality. It is the most serious of 
the crrticiams that can be made against the univer- 
sities in this respect. 

The second criticism is widespread, but is made on 
two different grounds. First, it is suggested that the 
Ph.D. graduates sometimes lack adequate theoretical 
knowledge of even the fields in which they have 
undertaken their research, though from Prof. Cottrell’s 
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criticism of the graduate in chemistry it could be due 
to failure to apply theory and instead to resort to the 
purest empiricism. With this could also go the 
` absence of a sufficiently critical and inquiring attitude 
to a research problem. Secondly, some employers 
seem to expect the holder of a Ph.D. degree to possess 
a deeper theoretical knowledge of physics over quite 
a wide: front than could be expected in a graduate 
with a first degree. That criticism, however, could 
scarcely be advanced if the graduate had, as Prof. 
Cottrell insists, been adequately trained and encour- 
aged to read and think for himself and to make 
adequate use of the literature. 

The third criticism is also widely held and certainly 
strongly held, and though it is the most surprising of 
the criticisms noted in this report, it finds some 
support in Prof. Cottrell’s observations on chemists. 
All these criticisms, however, are essentially criticisms 


_ . of detail and do not necessarily imply that university 


postgraduate training leading to a Ph.D. degree is 
not fundamentally a highly desirable method of pre- 
‘paration for entry to industry and government service. 
-Much more fundamental criticism is implied in the 
view held by some important and distinguished 
industrialists that the necessary preparation for, or 
apprenticeship to, research is more profitably under- 
taken in a large industrial laboratory than in the 
atmosphere of a university research school. Industry 
has only a limited need for people who will work on 
difficult problems of pure physics; but it has great 
need for men of simular intellectual ability and basic 
training who can apply their abilities and knowledge 
to the varied problems of industry. These men need 
to be able to cross with ease the boundaries that 
conventionally delineate the various sciences taught 
and organized in universities, and the report notes 
that the view is widely held that postgraduate training 
of the-Ph.D. pattern may make ẹ man less able or 
. willing to do this. The Committee states that it was 
put with-force that only a small minority, probably 
fewer than 10 per cent, of those recruited into industry 
will be engaged on research for the whole of their 
careers of forty years or so. Evidence was presented 
that the possession of a Ph.D. degree had no sig- 
nificant bearing upon a future career, as measured, 
in any event, in financial terms. 

It is at this point that the relevance of Prof. 
Cottrell’s comments on the traming of chemists 
becomes most apparent. The demand from industry 
for men who have had a Ph.D. training is real, but 
is smaller than the output of such graduates; at 
present, industry is compelled to take Ph.D.s whom 
it would have preferred to take at an oarlier stage ; 
and it was equally clear to the Committee that the 
number of Ph:D.s who would be sought by industry 
might be increased if the average quality, measured 
by originality, knowledge and flexibility, were raised. 

The Committee states its reasoned conclusions in 
ten paragraphs. First, for its purpose, which is 
fundamentally the introduction of an undergraduate 
to the procedure of fundamental research, working 
for the Ph.D. is an admirable training ; but if it is 
to retain its value as a hallmark of capacity for 
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original research, the universities must be jealous of 
the high standard of those on whom it is conferred. 
Noxt, the research student plays an important part 
in maintaining the vitality of a university physics 
department: without a sufficient number of such 
students the Committee believes it would not be 
possible to maimtain an appropriate output of funda- 
mental research, or to retain or recruit academic 
staff of suitable character. It points out, however, 
thet the universities ‘must ensure—which is not 
always the case at present—that research students 
are not employed partly as high-grade technicians ; 
but it passes off a problem which is very real in some 
university departments, involving questions of status 
and prejudice, and it may be wondered whether the 
implications of the proposals of the Royal Institute 
of Chemistry to form s Registered Chemical Assistants 
Group, affiliated to the Institute, have been thought 
out sufficiently. 

It may be recalled that Prof. Cottrell roundly chal- 
lenged the value of much‘of the manipulative work 
customary in the training of the chemist, and his 
analysis is highly suggestive in respect of the physicist 
as well as of the physical chemist. This is not to 
deny the importance of such wark, or to suggest that 
the career of laboratory technician should not, be 
satisfying and highly regarded in its own right: 
not nearly enough is, m fact, done to encourage young 
people with manual dexterity and skill to take up 
such & career. What is wrong is to suggest that the 
career of laboratory technician is necessarily a 
stepping-stone to that of scientist or technologist, or 
that the technician’s skull is necessarily linked with 
high intellectual ability. There may bo the odd 
technician with such gifts which will carry him 
naturally to a seat on the main board of such a 
company as Imperial Chemical Industries, Ltd. ; 
but he is the exception, and the technician is best 
served by honouring his or her special skill in its 
own right, rather than by encouraging ambitions 
which will generally be doomed to disappointment. 

The appropriate and more extensive use of tech- 
nicians is a problem which deserves much more 
attention than it has yet received and itself bears 
closely alike on the most officient use of highly trained 
man-power and on the research output of a university 
department. Further, it is possible that some way 
may be found here of diminishing the pressure on the 
academic staff and thus helping to meet other 
criticisms of postgraduate training. While the Com- 
mittee believes that the standard of the Ph.D. degree 
in physics is at least as high as in most other subjects, 
it accepts the view that the degree is sometimes 
awarded to candidates of inadequate calibre and 
concludes that the universities should be more 
critical in their selection of research students, and 
readier to refuse the award, even after the completion 
of the prescribed period of study and research. There 
is a strongly held opinion among employers that the 
standard of the Ph.D. has deteriorated significantly 
in the past twenty years. 

Fourthly, the Committee is satisfied that industry 
needs physics graduates of wide knowledge, adapt- 
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ability and first-class intellectual capacity, but that 
it would prefer that only a small proportion of its 
recruits had had research training for a Ph.D. degree 
in & university. Comparatively few jobs in industry 
will involve research in pure physics, and graduates 
who contemplate staying at the university for a 
Ph.D. should appreciate that the degree will not 
usually improve their prospects of advancement in 
industry. Some university teachers attribute indus- 
try’s lack of enthusiasm for the Ph.D. degree to the 
fact that, in physics, fundamental research is very 
largely carried out in universities, and the Committee 
concludes that it would help to resolve the apparently 
conflicting demands of industry and the universitios 
if more members of university staffs were aware of the 
problems of industry and the requirements of indus- 
trial research, and more mdustrialists appreciated 
_ the crucial place of research and the research student 
in the modern university. 

Next, the Committee concludes that an extension 
of knowledge, beyond that appropriate to the present 
first-degree courses, should form part of university 
_ training at postgraduate-level, not narrowly centred 
on an immediate field. of research, but such as to 
strengthen substantially the graduate’s background 
knpwledge of that part of physics in which his research 
is to Be done. It is suggested that for most research 
students this teaching should be concentrated in the 
first postgraduate year. Many graduates who enter 
industry without taking a Ph.D. degree would benefit 
greatly from similar courses, and the Committee 
suggests the organization of courses so that they 
could be available to both groups of graduates ; this 
would meet a real industrial need, and it might ease 
the problem of organization within the universities, 
and also assist in the assessment of students capable 
of staying on for research. 

Finally, the Committee recognizes that the develop- 
ment of postgraduate courses would aggravate the 
serious problems of staffing which already face the 
universities and also that, since most university 
students are dependent on maintenance grants, no 
improvement of training on the lines suggested is 
feasible without provision of the necessary financial 
support by the grant-awarding bodies, particular- 
ly the Department of Scientific and Industrial 
Research. 

As already noted, the Committee limited itself 
almost exelusively to problems arising in the training 
of those working for the Ph.D. degree, and it frankly 
recognizes that there are equally important problems 
involved in the further training of those who take up 
professional work in physics immediately after taking 
a first degree. Investigation of those problems 
involves consideration of the nature and extent of 
industry’s need of scientific man-power, and it is to 
be hoped that such an investigation will be under- 
taken by a committee at least as representative of 
both the academic and the industriel aspects as that 
which, under Prof. N. Kemmer’s chairmanship, has 
produced the present report, and before plans for 
further expansion of university and of technological 
education are too firmly set. Meanwhile, Prof. 
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Kemmer and his colleagues are to be congratulated 
on &.report which should be of considerable interest 
not simply to physicists but also to chemists, and to 
other scientists and their professional organizations, 
as well as to the universities. 


NUCLEAR THEORY AND ITS 
UTILIZATION 


Lectures on Nuclear Theory 

By L. D. Landau and Ya. Smorodinsky. Translated 
Pp. vii+ 108. 

London: Chap- 

man and Hall, Ltd., 1959.) 5.258 dollars; 45s. net. 


Introductory Nuclear Theory 
By Dr. L. R. B. Elton. Pp. xi+286. (ondon: Sir 
Isaac Pitman and Sons, Ltd., 1059.) 406. net. 


Soviet Reviews of Nuclear Science on the 40th 

Anniversary of the October Revolution 
(Being Vol. 3, No. 11 of Atomnaya Energiya, Nov- 
ember, 1957.) (International Series of Monographs 
on Nuclear Energy. Division 2: Nuclear Physics, 
Vol. 3.) Pp. v+110. (London and New York: 
Pergamon. Press, 1959.) 30s. net. 


Fundamental Aspects of Reactor Shielding 
By Dr. Herbert Goldstein. Pp. xvi+416. (London 
and New York: Pergamon Press, 1959.) 66s. 6d. net. 


Fundamentals of Nuclear Energy and Power 
Reactors 

By Henry Jacobowitz. Pp. 118. (New York: John F. 

Rider Publisher, Inc.; London: -Chapman and 

Hali, Ltd., 1959.) 2.95 dollars; 24s. 


An Introduction to Thermonuclear Research 

A Series of Lectures given in 1955. By Albert Simon. 
(International Series of Monographs on Nuclear 
Energy. Division 14: Plasma Physics and Thermo- 
nuclear Research, Vol. 1.) Pp. ix+183. (London and 
New York: Pergamon Press, 1959.) 3658. net. 


HE six books listed represent a mixed bag.. 
“Lectures on Nuclear Theory’’* by Landau has 
appeared before and is now. available in book form, 
surprisingly without the name of the translator. The 
lectures are extremely clearly presented :. they were,. 
in fact, originally delivered to experimental physicists 
and the authors have been at great pains to describe 
most carefully the physical pictures they analyse 
mathematically, and to state the limit to which 
modern experimental results allow. theory to go. 
What we have learned about forces between nucleons - 
from scattering experiments occupies half of the hook. 
Then follows a detailed statement of structure of light 
and heavy nuclei and a review of neutron and meson 
interaction with nuclei. A delightful book, not only 
for students but also for all physicists who enjoy 
clear exposition. Dr. Elton’s “Introductory Nuclear 
Theory” covers the same ground in much greater 
detail and with more extensive mathematical proof. 
It is a text-book for the theoretical physicist of final 
honours and postgraduate standard and as such is an 
extremely thorough presentation based, as Dr. Elton 
describes in his preface, on the phenomenological 
approach to the nuclear data emanating from the 
large machines and cosmic ray plates. 
The “Soviet Reviews of Nuclear Science” is rather 
old: the papers were prepared to mark the 40th 
anniversary of the October Revolution. Pontecorvo 
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writes ‘In the glorious fortieth year of the October 
... | The four papers on nuclear power in the 
U.S.S.R. are completely superseded by the Geneva 
1958 papers and were not worth reprinting at this 
date: this might also be true of the two survey 
articles on radioisotopes and radiochemistry. It 
seems rather pointless to translate review articles ; 
reviews on most subjects are prepared in many 
countries and the review here translated on interaction 
of slow neutrons with nuclei is based on world 
literature, and again all the material can be found in 


. the Geneva papers. There remains one long article 


on research with the 6-metre synchro-cyclotron, & 
review article of the Soviet paper with no reference to 
foreign work. However, this is a valuable summary of 
experimental results and is well illustrated. 

Two books on reactors stand at the top and 
bottom of their class. Goldstein’s authoritative work 
on “Fundamental Aspects of Reactor Shielding” 
comes from the Division of Reactor Development 
of* the Atomic Energy Commission, and clearly 
illustrates the great part the research physicist has 
to play in nuclear engineering. Reactor shielding is 
an expensive fraction of nuclear power costs, and 
‘theo proper design for a given reactor shield should 
start from first principles”. This book deals very 
thoroughly with first principles, neutron and a- 
ray attenuation in isotopic and discontinuous media, 
and compares theory with the experimental results 
achieved over the past few years with the shielding 


” facilities built on to the Oak Ridge reactor, the 


graphite and the original water-moderated ‘pool’- 
type reactor. These facilities and the instrumentation 
for shield testing are well described; the latter 
illustrates how alert the experimenter must be in this 
subject if measurements in high and low fluxes are 
to be reasonably accurate. The book opens with a 
careful discussion of the biological effects of radiation. 
The reader notes the frequent references to results 
reported in Oak Ridge and other laboratory reports, 
apparently not submitted to any of the learned 
societies or established journals. Many were originally 
classified and appear now with references declassified 
or even still classified: the abstracting journals will 


‘ be presented with a serious problem if this practice 


continues. The book will be essential to all engaged 


_on shielding studies, and the references to orginal 


work are comprehensive. 

One wonders for whom “Fundamentals of Nuclear 
Energy and Power Reactors” has been written, for 
it is neither comprehensive nor superficially accurate ; 
but it sets out to attract the general interested public 
and the members of the atomic industry. For the 
latter, it does not even mention the important 
developments abroad, though the book does not 
state that it is merely reviewing the American scene. 
It dismisses the graphite-moderated natural uranium 
reactors as obsolescent, in spite of more than 4,000 
MW. of such reactors under construction, and makes 
no reference to the Russian reactor incorporating the 
superheating of steam by nuclear energy. The book 
is well illustrated, but alas contains much slang—do 
we get “mileage” out of fuel? I would commend the 


-author to Dr. Goldatein’s impeccable style. 


The appearance of “An Introduction to Thermo- 
nuclear Research” in 1959 in its present format is a 
little disappointing; the Geneva 1958 papers dis- 
closed so much more information than can be found 
in this book. The preface states that the book is based 
on lectures of 1955 to which some 1958 information 
thas been added: the basic science in the book is 
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worthy of inclusion although it can all be found 
elsewhere, but the long catalogue of the American 
devices in which plasma studies have been made will 
be nearly meaningless to scientists not working in the 
field and is outdated information for those who are. 
The book makes no reference to work in other 
countries as it closes in 1956: the reviews in the 
Geneva 1958 papers (Volume 31) will repay study 
better than this little volume. T. E. ALLIBONÐ 


CONSTANTS GALORE 


The Physico-chemical Constants of Binary Systems 
in Concentrated Solutions 
By Prof. Jean Timmermans. Vol. 1: Two Organic 
Compounds (without Hydroxyl .Derivatives). Pp. 
xiii +1259. Vol. 2: Two Organic Compounds (at 
least one a Hydroxyl Derivative). Pp. xi+1272. 
(New York: Interscience Publishers, Inc. ; London: 
Interscience Publishers, Ltd., 1959.) 218s. a volume. 


HESE two books are:part’of a series of four 

volumes prepared as a result of a systematic 
literature survey carried out between 1910 and 1957. 
Unfortunately no lst of the journals abstracted is 
given. The National Science Faundation of Washing- 
ton, D.C., gave a substantial grant to enable Dr, Legin 
to have the records typewritten so that the publishers 
could produce the books by offset printing. The pages 
contain an immense amount of information, but they 
are disfigured by lack of uniformity; for example, 
the negative sign sometimes appears before every 
entry in a table but in other places it appears before 
the first entry only although it is applicable to all the 
entries. The ent of the mixtures follows a 
scheme devised by the author, but as the mdex and 
bibliography are reserved for volume 4 search for 
information can only be made by turning pages. 
Some assistance is afforded by the pair of names 
boldly printed at the head of each page and these 
usually refer to a mixture occurring somewhere upon 
that page, but unfortunately in some instances (for 
example, Volume 1, pp. 765 and 1191) the names do 
not coincide with the mixtures listed. 

Once a mixture is located the existing data are 
found arranged in the following order: hetero- 
geneous equilibria (critical constants, saturated 
vapour pressure. curve, boiling curve, azeotropes, 
composition of liquid and vapour in co-existing 
phases, densities and rectilinear diameters, com- 
position of the two liquid phases, critical solution 
point, freezing and melting curve, eutectic and 
transition points, equilibria of condented phases 
under high pressure); properties of phases, first for 
the gas, then for the liquid and finally for mixed 
crystals (density, coefficient of expansion, compressi- 
bility, viscosity, surface tension, refractive index, 
optical dispersion, dielectric constant, electrical 
conductivity, optical rotating power, magnetic 
rotation, magnetic susceptibility) ; thermal constants 
{specific heat, heat of solution or mixing, heat of 
vaporization and fusion, thermal conductivity). All 
numerical data have been taken directly from the 
original papers and values read from graphs are 
indicated. <A list of symbols and abbreviations is 
presented at the front and back of each volume, but 
the symbols do not conform to modern usage. In 
particular, a reader should note that the old Q con- 
vention for heat quantities is adopted. 
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The words “Systems in Concentrated Solutions” 
are unusual as applied to binary mixtures because a 
solution that is concentrated with respect to one 
component is dilute with respect to the other. The 
author says, however, that concentrations between 10 
and 90 weight per cent are tabulated, although the 
tables do in fact contain some figures outside this 
range. The percentages recorded appear to refer to 
the concentration of the second named component, 
although this is not stated in the list of symbols or in 
the instructions to users. 

The selection of values is not critical and many of 
them were originally published long before 1910. Thus, 
some systems are covered at great length and many 
discordant values for certain constants are recorded. 
Timmermans discusses in the preface to Vol. 2 the 
reasons for these divergent values and suggests that 
they arise in part because insufficient care has been 
taken by some authors in the purification of specimens, 
If the purity of the samples is employed as a criterion 
of worth, much of the recorded data has little value. 

These volumes are expensive, but they provide 
such a useful-guide to published data, particularly 
for a worker conversant with the substances under 
investigation, that many libraries will wish to 
acquire these books. E. F. G. HERINGTON 


THE BRAIN IN RESPONSE 


Person Perception and Interpersonal Behavior 
Edited by Renato Tagiuri and Luigi Petrullo. Pp. 
xx-+390. (Stanford, Calif.: Stanford University 
Press; London: Oxford University Press, 1958.) 
808. net. 


The Problems of Perception 

By R. J. Hirst. (The Muirhead Library of Philoso- 
phy.) Pp. 330. (London: George Allen and Unwin, 
Ltd.; New York: The Macmillan Company, 1959.) 
30s. net. s 


N recent years, an increasing d of attention. 

has been devoted to the study of what is called 
‘person perception’ or ‘social perception’. The book 
“Person Perception and Interpersonal Behavior” 
consists of a symposium of 23 papers on these subjects. 
As is usual with such symposia, the relationship 
between the topics discussed in the various papers 
is often not clear. The value of the book, especially 
to the general reader, would have been greatly 
increased by the addition of some attempt to sum up 
and derive general conclusions from the papers as a 
whole. THe reader will find all the more difficulty in 
doing this for himself because the terms ‘person 
perception’ and ‘social perception’ are used by 
different authors to include several different processes 
the inter-relationship of which has never been worked 
out. It is generally accepted that we not only per- 
ceive, more or less objectively, the physical charac- 
teristics and actions of other people; we also infer 
from these perceptions personal characteristics such 
as feelings of liking and disliking, motives and inten- 
tions, social status and background, etc. The original 
perceptions, and still more the inferences derived 
from them, are enormously affected by our own 
feelings, motives and social relationships to other 
people, and by the way in which we react to them. 
Sometimes the effects are relatively consistent, but 
often they vary according to the particular situation. 
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Included in this book are studies by Ittelson and 
Slack and by Secord of the factors which affect the 
perception of faces and other physical characteristics. 
But there are many more studies of the inferences 
and judgments made about the personality character- 
istics of others, and how these vary with the person- 
ality and likes and dislikes of the judge, and with the 
social situation. There is an interesting paper by 
Jones and Thibaut on how people interact in a variety 
of social situations; and several papers discussing 
the reasons for one person being attracted by another, 
-whether because the second fulfils the needs of the 
first, or because he appears to possess the same 
personality characteristics or interests. A final 
paper by Cronbach demonstrates the present limita- 
tions on the accurate analysis of these judgments, 
feelings and interactions, and the factors which 
determine them. 

Little or no attempt appears to have been made to 
discover what is actually perceived, or what are tthe 


significant aspects of behaviour and expression which `“ 


we observe in others; nor how these perceptions 
lead to the inferences and judgments described above. . 


Granted this is a task of great difficulty and com- ` A 


plexity, but it is hard to see how any real under- - 
standing of ‘person perception’ can be gained until 
some systematic analysis has been made of the 
psychological processes involved and their inter- 
relationship. Thus, although the psychologist with | 
some knowledge of these topics can find many points 
of interest in the papers included in this book, the 
general reader will be liable to become hopelessly 
confused by the mass of apparently unrelated hypo- 
theses which are frequently expressed in bewilder- 
ingly esoteric language. 

“The Problems of Perception” provides a philoso- 
phical study of the nature of perception in general. 
Tt presents a critical examination of the various 
philosophical theories as to the nature of perception, 
together with the author’s own theory, which is more 
in accordance with present-day knowledge of the 
physiology and psychology of perception. The book 
should be of real interest and value not only to 
philosophers but also to psychologists and to the 
general reader. It is clearly written, and necessitates 
little previous knowledge of philosophy or of technical 
language. 

The author demonstrates convincingly that earlier 
theories have never provided a satisfactory explana- 
tion for the high degree of veridicality of our per- 
ceptions on one hand, in spite of the restricted nature 
of the physiological information conveyed by the 
sensory nerves to the brain; and on the other hand, 
the modifications, errors and individual differences 
in perception which undoubtedly occur, and the 
apparently perceptual nature of hallucinations which ,. 
arise in default of external stimuletion. His. own 
theory appears to provide a much better explanation. 
It makes due allowance both for the convincing 
objectivity and external reference in our perceptions 
of the surrounding world, and also for the undoubted 
influence on them of subjective factors; though 
whether in fact perception of external objects as such 
is inherent and arises even in early infancy is not 
perhaps as certain as he would have it to be. 

There is one matter which his theory, depending as 
it does on the concept of ‘perceptual consciousness’, 
does not appear to cover adequately—namely, the 
unconscious perceptions which seem so frequently to 
guide our habitual and automatic actions. Psycho- 
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logical study of this type of perception, and of per- 
ception at the margin of consciousness, is only just 
beginning. But when rather more is known of these 
perceptions, philosophical theory may require further 
extension to cover them. M. D. VERNON 


STRUCTURE AND GROWTH OF 
PLANT CELL-WALLS 


The Plant Cell-Wall 

By Prof. Pieter A. Roelofsen. 
Plant Anatomy, Band 3, Teil 4.) 
plates. (Berlin-Nikolassee : 
1959.) n.p. 


N this age, when man-made fibres are so very much 
in the news, it is a salutory lesson to recall that 
nattrally occurring fibres were in existence upon the 
Earth long before man, and that they continue to be 
manufactured by living organisms with a perfection 
and in a complexity which man still cannot match. 
Such s lesson is given by Roelofsen’s book for fibres 
made by plants. 

The structure of the plant cell-wall has been under 
constant review ever since its observation by Robert 
Hooke in 1664, first by light microscopy then, largely 
after the influence of Carl v. Naegeli, by polarization 
microscopy, then by X-ray diffraction analysis and 
now by all these methods supplemented by electron 
microscopy. Up to this newest development, the 
study was in the hands of the relatively few botanists 
with the requisite knowledge of physical principles 
and training in physical techniques. The electron 
microscope has, however, thrown the field wide open, 
and this, coupled with the growing realization of the 
importance, both academic and technological, of the 
cell-wall, has led, during the past ten years, to a 
vast increase in the number of laboratories actively 
engaged in research and therefore in the number, 
range and variety of published papers. Prof. Roelofsen 
himself returned to this study some ten years ago 
after an absence of twenty years and has during this 
period of rapid expansion already established himself 
as an authority in this difficult field. 

This book, in my opinion in many ways the best 
which has yet appeared on this subject, can only 
enhance Prof. Roelofsen’s reputation. The deep 
appreciation of the powers of electron microscopy 
which’ all workers feel make it dangerously easy to 
fall into the trap of ignoring older work by older 
methods. This trap Roelofsen conscientiously avoids. 
Tt is, indeed, one of the most admirable features of his 
book that each topic he takes up is dealt with historic- 
ally, in the sense that what may be called the classical 
key investigations are reviewed in detail and the 
later work is always placed in its proper context 
against this general background. To my certain 
knowledge very few lines of investigation are omitted 
and very few papers of lasting importance fail to 
receive due appreciation. Perhaps the biosynthesis, 
particularly of cellulose, does not have the attention 
it appears to merit in view of its importance in 
questions of wall growth, but this may be due to 
shortage of space. 

The book is divided broadly into two sections. 
The first, in eight subsections covering 100 pages, 
deals with the nature, occurrence, chemical and 
physical properties and biosynthesis of the various 
components of plant cell-walls. This includes treat- 
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ment not only of the ‘standard’ componentsa—. 
celluloses, hemicelluloses; polysaccharides, lignin, 
and chitin but also of low molecular weight polyoses, 
cutin, suberin and rarer compounds such as phyto- 
melano. There is in these pages much useful inform- 
ation which, so fer as I am aware, has not hitherto 
been gathered together in one volume. 

The second, larger, section, in four subsections 
covering more than 200 pages, deals with the physical 
methods of investigation and a wide review, sur- 
prisingly detailed and comprehensive in view of the 
comparatively small apace available, of wall structure 
in higher plants, in algae and in fungi. The treatment 
of the physical methods is, wisely, not detailed ; even 
making allowances for difficulties in translation the 
text in various places makes it clear that Prof. 
Roelofsen is himself not a physicist and he refers his 
readers to other texts. There is, however, sufficient 
here to enable the intelligent reader to make a critical 
appraisal of the subsequent statements. As to these, it 
is not an exaggeration to say that the facts available 
up to the time of going to press-are all here, clearly 
stated and documented by reference to the appropri- 
ate literature. Equally, both the older and the 
current theories concerning mechanisms of orientation 
and of surface growth of the primary walls in higher 
plants are dealt with, though the treatment is 
not, perhaps, so comprehensive. Prof. Roelofsen, is 
himself the author of a theory of growth wMich' is 
very much to the fore at this moment and it is 
natural, and welcome, that he should pay to this a 
good deal of attention in his book. I find much in the 
hypotheses formulated in this part of the book to 
which I could not lend support—the suthor, for 
example, seems to repeat an older error in confusing 
stress with strain and this leads to a peculiar para- 
graph on p. 175 (the first paragraph in 228231)-—but 
this again is natural and no criticism ; the exposition 
is challenging and provocative and what more can be 
expected of hypotheses ? It is perhaps unfortunate 
that the ‘arrangement of the book precludes a unified 
consideration of growth both in higher and lower 
plants. 

It is, however, a happy feature of his book that 
Prof. Roelofsen never hesitates to express his own 
opinion, for this builds what might have been to the 
general reader a dreary review into a well-knit whole, 
a fascinating easily read story. 

The book is translated from an. original manuscript 
in Dutch, and both the author and Prof. C. E. B. 
Bremerkamp, who assisted in the translation, are to 
be congratulated that it reads so easily. There are 
flaws in the English, but these are nowhere such as to 
mislead the reader, even the use of the wosd “bruto” 
on p. 173. The book is copiously illustrated by electron 
micrographs, all of them drawn from the published 
papers of the writers whose work is discussed ; these 
are necessarily of uneven quality since some are 
drawn from earlier work and some refer to difficult 
material. Thers is a comprehensive bibliography of 
some 815 references, and both subject and author 
indexes as well as indexes of botanical and zoological 
names, 

This is a book which no botanist—mnor any techno- 
logist interested in cellulose fibres—can afford to 
ignore. It is a first-class reference book for the 
specialist, a fascinating unfolding story of research 
down the years for general readers, and an instructive, 
thought-provokng book for advanced students. 
To all these, it is recommended in the warmest terms. 

R. D. PRESTON 
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A Biochemical Approach to Pathology 

By M. J. R. Dawkins and Dr. K. R. Rees. 
vii+128. (London: Edward Arnold (Publishers), 
Ltd., 1959.) 188. net. 


8 the advance of knowledge invades the old 
border-lines between the sciences, pathology 
becomes increasingly concerned with the chemistry 
of the cell, considered in topographical dotail as an 
organized system of mamly enzymatically promoted 
reactions. Morbid states formerly described only in 
anatomical and histological terms have now to be 
interpreted in terms of chemical derangement in 
cytoplasm, microsome or other specified site. The 
first assertion is the justification of this book; the 
second describes the approach taken by its authors. 
Within the confines of 120 pages, two disciplines are 
bridged with an adequacy necessarily dependent on 
wiso selection and enforced abbreviation. The 
authors have succeeded so well in combating these 
limitations that there is ground for some regret that 
more space could not be made available to them. 
Whereas pathologists may find difficulty with tho 
assumption of extensive prior reading in chemistry, 
biochemical readers are less severely taxed in patho- 
logy, but both are aided by a wisely chosen short 
guide to further reading. Some of the present 
frontiers of knowledge are indicated in a stimulating 
mgnngr. 
The unfortunate tendency to write in initials 
(RNA, DPN and too many others) is strongly main- 
tained without benefit of a glossary and detracts 
from an otherwise eminently readable text, while 
important substances such as adenylic acid appear 
only by name, assuming the glib role of shibboleth. 
For a first edition, this well-produced volume is 
commendably free from errors, excepting the tri- 
valent carbon shown in the structure of bilirubin 
(p. 40) and the confusion of B-amino-«-naphthol with 
o-aminophenol (p. 115). R. W. R. Bares 
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Proceedings of the Second United Nations Inter- 
national Conference on the Peaceful Uses of 
Atomic Energy held in Geneva, | September— 
13 September 1958 

Vol. 2: Survey of Raw Material Resources. 

x+843. (Geneva: United Nations ; London: H. M. 

Stationery Office, 1958.) 80 Swiss francs; 132s. ; 

18.50 dollars. 


HE geological discussions at the second Geneva 

conference on atomic energy, reported in this 
volume, had a much more international cheracter 
than those at the first conference in 1955. At the 
latter, thô delegation from the United States con- 
tributed 85 out of 125 papers on geology and pro- 
specting, Great Britain and Brazil each produced four 
contributions, and the remaining 32 works came from 
22 different countries. In 1958 only 30 papers out of 
84 were of American origin and there was a much 
larger presentation from other lands, notably from 
the U.S.S.R., France, Canada, South Africa and 
India. Discussions were also more open, for as a 
direct consequence of the Free World’s glut of 
uranium no aspect of the economic geology of radio- 
active ores is now secret in the West—although 
information on the location and output of domestic 
deposits is still ‘classified’ in the U.S.S.R. The 
radiogeological studies printed in this “Survey of 
Raw Material Resources” range widely over the 
diverse fields of economic geology, prospecting, 
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geochronology, uranium mineralogy, and geochem- 
istry ; and they make up what is undoubtedly the 
most comprehensive assemblage of new information 
on radioactive mineralization that has ever been 
brought together. C. F. Davipson 


Sechzig Jahre Medizinische Radlologie 

Probleme und Empirie. Von Prof. Hans R. Schinz. 
Pp. 275.. (Stuttgart: Georg Thieme Verlag, 1959.) 
19-50 D.M. 


HIS book is a historical document written by 

Prof. H. R. Schinz of Zurich on the occasion of 
the Ninth International Congress of Radiology in 
1959. It covers 60 years of medical radiology from 
the date of discovery of X-rays up to the present. 
The first section of the book deals with the discovery 
of X-rays by Rontgen. This is preceded by a short 
annotation leading up to this momentous achieve- 
ment. ‘The discovery of uranium and radium and their 
radioactive properties by Becquerel and tho Curies 
is dealt with in a simular way, end so is the funda- 
mental early work on nuclear and radiation physics 
by Rutherford and his co-workers. This first chapter 
covers all the important milestones in experimental 
and theoretical physics up to the 1950’s, listing all the 
great names connected with this work throughout 
the world. 

In the second section there is a short historical 
note on technical achievements and the development 
of X-ray apparatus. The main section of the book 
deals with the medical aspects of radiology, in 
particular radiobiology, X-ray diagnosis and radia- , 
tion therapy and their advances during the past 60 , 
years. Finally, some of the original papers of the 
early days of radiation physics by Rontgen, Ruther- 
ford, Becquerel, the Curies, Hahn and Strassmann 
are appended. 

This book is a useful historical review of the past 
60 years, mentioning all the outstanding workers in 
the field: it also contains a number of interesting 
historical photographs and charts referring to the 
very early fundamental work. R. E. Strap 


How Animals Move , 

By Sir James Gray. (The Royal Institution Christ- 
mas Lectures 1951.) Pp. 144. (Pelican Book A454.) 
(Harmondsworth, Mddx.: Penguin Books, Ltd., 
1959.) 3s. 6d. 


N 1951, Sir James Gray Save six Christmas lectures 

to a young audience at the Royal Institution. 
His task was “. . . to ilustrate the more striking 
features of animal locomotion without assuming 
previous biological knowledge”. The lectures, to- 
gether with many admirable illustrations and reveal- 
ing photographs, were published by the Cambridge 
University Press in 1953. It is good that the book 
will now be available to many more readers, who will 
discover an absorbing subject treated in clear and 
direct English. Young naturalists (and older ones) 
will learn that the movements of animals can be 
illusory or impossible to follow without suitable 
recording devices. Correct observations require 
much circumspection (for example, anglers should 
not be misled as to the speed of a hooked fish by 
the scream of a reel). Lastly, the readér, who could 
be an artist just as well as someone with an interest in 
biology. will finda lucid analysis of the living mechanics 
of locomotion, one that parallels the natural ease of 
the animals themselves. N. B. MARSHALL 
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PRIMARY STRUCTURE OF THE PROTEIN OF TOBACCO 
MOSAIC VIRUS 


By F. A. ANDERER, H. UHLIG, E. WEBER and Prof. G. SCHRAMM 


Max-Planck-Institut fur Virusforschung, Tubingen 


HE tobacco mossio virus, in spite of its limited 
economic importance, has continually played a 
noteworthy part in virology. It was the first infectious 
E to be classified as a virus by the pioneering 
ts of Iwanowski (1892) and Beijerinck 
(1898). It was also the first virus to be isolated in a 
pure paracrystalline state by Stanley in 1935 and to be 
identified as a nucleoprotein by Bawden and Pirie. 
Theo ribonucleic acid was isolated from tobacco 
mosaic virus and proved to be infectious by Gierer 
and Schramm! and by Fraenkel-Conrat and Singer’. 
Later, this experiment was successfully repeated with 
many other plant and animal viruses containing 
ribonucleic acid?.*. Thus we are led to the concept 
that ribonucleic acid is the genetic material of these 
viruses and determines the structure of the virus 
protein. Due to intense study in various laboratories 
the physical and chemical structure of tobacco mosaic 
virus is the best known. of all viruses. Unfortunately, 
tobacco mosaic virus is less suitable for genetic studies; 
the bioassay is of limited sensitivity, single cells in 
culture media are not infected at a satisfactory rate, 
and combinations between different strains are not 
observed, making gene mapping impossible. But one 
can assume that tobacco mosaic virus will remain a 
favourite object for studies of the structural inter- 
relationship between ribonucleic acid and ite specific 
protein. One important step in this direction is the 
precise knowledge of the sequence of amino-acids in 
the protein. 

Studies concerning the tobacco mosaic virus pro- 
tein began shortly after its isolation, but the further 
progress, which depended upon the development of 
methods in protein chemistry, was slow. Using 
methods which now appear primeval, W. M. Stanley® 
and G. Schramm and H. Müller! isolated certain 
amino-acids by fractional crystallization. At that 
time the task of finding the complete amino-acid 
sequence in & particle with a molecular weight of 
40 x 10° seemed quite hopeless. A solution of this 
problem seemed more possible after it was discovered 
that the virus protein consists of a great number of 
sub-units which appear identical in their physical and 
serological properties’. In weak alkaline solutions a 
* dissociation into protein sub-units of a molecular 
weight of 80-100,000 was observed. This protein was 
called A-protein®. Later the virus protein could be 
dissociated further to the smallest sub-unit, which has 
@ molecular weight of 17,500*"™. By re-aggregation 
of the A-protein™ rod-like particles could be obtained 
which had a structure similar to the virus itself. 

After development of chromatographical methods, 
especially paper chromatography, and the stimulating 
success of Sanger in the complete analysis of insulin 
(1949-55), the elucidation of the protein structure 
became experimentally possible. Using a combination 
of columns consisting of organic and inorganic adsorb- 
ents certaim groups of amino-acids were estimated*. 
The first complete analysis was reported by Knight*, 


who applied microbiological methods. More precise 
analyses became possible through the development 
of more reliable methods for the separation and 
quantitative estimation of amino-acids by ion ex- 
change columns, a method for which we are indebted 
to Stein and Moore et al. 

Further work of this group produced the automatic 
amino-acid analyser!®, without which the results 
described in this paper would have been virtually 
impossible. Cation-exchange columns have been 
extensively used for the separation and preparation 
of peptides. For the analyses of ribonuclease, Hirs, 
Stein and Moore!* employed ‘Dowex 60’. Braunitzer 
e al’? introduced an important modification by 
using the anion exchanger ‘Dowex 1’, with which the 
separation of peptides, particulerly those containing 
basic amino-acids, was far more satisfactory. Dsiag 
volatile buffer solutions containing pyridine and 
colidine, the laborious desalting process ‘was 
avoided. 

Before the analysis of the amino-acid sequence in 
& protein, the amino-acid composition and the number 
and nature of the terminal groups must be known. 
This is the most reliable way to prove the homogeneity 
of the material. The C-terminal group in the tobacco 
mosaic virus protein was identified by Harris and 
Knight" with carboxypeptidase. They found one 
mole of threonin per 17,300 gm. of tobacco mosaic 
virus. Thie value was confirmed by hydrazinolysis’*. 
By short treatment with hydrazine the C-terminal 
peptide Pro-Ala-Thr was isolated", whereas by 
enzymatic hydrolysis Niu and Fraenkel-Conrat* 
determined the sequence of the last six amino-acids 
to be Thr-Ser-Gly-Pro-Ala-Thr. Since the virus does 
not contain a free terminal amino-group™ the determ- 
ination of the N-terminal configuration was more 
dificult. After treatment of the virus with trichloro- 
acetic acid or hydroxylamine the imino-group of 
proline was relessed™. Therefore it was first assumed 
that proline, blocked by a labile substituent, was 
terminal. Later it was found that the Asp-Pro-bond 
inside the peptide chain is particularly labile and Pro 
could therefore not be N-terminal**. The correct 
N-terminal groups were found to be N-Acetyl-Ser-Tyr 
by Narita**, It was then clear that tobacco mosaic 
virus protein consists of about 2,200 peptide chains 
with the same terminal sequences. 

It was then conceivable that the location of the 
other amino-acid residues in these peptide chains 
might also be identical. Therefore sequence studies 
were begun in several laboratories. Tryptic digestion 
of the protein was the first step, since the reaction 
of trypsin is quite specific, affecting only the carbox- 
ylic groups of the basic amino-acids. Because only a- 
relatively small number of peptides is expected im 
the digestion mixture, the separation of these pep- 
tides ordinarily is not too difficult. In the Virus 
Laboratory in Berkeley a partial separation of the 
tryptic peptides, chiefly by counter-current distribu- 
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tion, was achieved and the sequence and composition 
of several of these tryptic peptides have already been 
described??. Wittmann and Braunitzer*® separated 
eli the tryptic peptides using ‘Dowex-l’ anion 
exchangers. They found twelve different peptides, 
accounting for all of the amino-acids. For the first 
time the amino-acid content of tobacco mosaic virus 
could be calculated exactly by summing up the com- 
position of the peptides. According to these authors 
the peptide chain consists of 157 amino-acids and has a 
molecular weight of 17,400, which 1s in good agree- 
ment with the terminal group determinations and 
with physical, chemical and X-ray studies 1},18,18,41,39, 
Furthermore, the N-terminal groups of eleven of these 
peptides were identified and the arrangement of 
several of these peptides inside the chain was elabor- 
ated by comparison of the tryptic peptides of different 
strains of tobacco mosaic virus”. 

Our own studies also began with the ‘tryptic hydro- 
lysis of the protein separated from the ribonucleic acid 
by extraction with phenol or acetic acid. In early 
experiments the separation of the peptide was tried 
by dinitrophenylation and subsequent paper electro- 
phoresis and paper chromatography. The results were 
very unsatisfactory. Later we turned to column 
chromatography with the cation exchange resin 
‘Dowex 50’ as the gdsorbent. Most of the peaks 
arising in the effluent were mixtures of different 
peptides which had to be separated further by high- 
voltage electrophoresis and paper chromatography. 
Much better results were obtamed with the anion 
exchange resin ‘Dowex-1’ according to the technique 
of Wittmann and Braunitzer. Only a few boundaries 
contained more than one peptide. While preparing 
the digest for column chromatography, we found a 
peptide insoluble m acidic solutions. This peptide 
was called TU (iryptisch, unloslich). A similar pep- 
tide was observed by Gish et al." and by Ramachan- 
dran ef al.™ and designated as I-peptide (insoluble). 
The TU peptide was purified by several precipitations 
between pH 3 and 5 and by paper romal ography. 
It contams 41 amino-acids and has the same composi- 
tion as the peptide No. XU of Wittmann and Braun- 
itzer. The N-terminal group is N-Acetyl-Ser-Tyr. 
Therefore TU 1s the N-terminal peptide of the whole 
chain. The sequence of the amino-acids in this peptide 
is described by Anderer, Weber and Uhlig™. Besides 
the TU peptide eleven other tryptic peptides were 
found. The amino-acid compositions of all were 
determined with the automatic amino-acid analyser. 
The N- and C-terminal groups were identified, and 
the sequential structure elaborated so far as necessary 
to correlate wrth peptic and chymotryptic peptides 
described below. In Table 1 the amino-acid composi- 
tion and the terminal groups of the twelve tryptic 
peptides are indicated in the order in which they occur 
in the peptide chain. The analytical data agree 
exactly with those of Wittmann and Braunitzor. 
Summing up the tryptic peptides, the molar ratios 
of the amino-acids in the total chain can be caleu- 
lated. In the order of their frequency we obtain the 
folowing formula: 

Asp Glu Sor Thr Ale,,Val,,Leu,,Arg,,Pro,Heu, 
Phe,Gly Tyr, Try Lys Cys, 
Analysis of the total protein confirmed these ratios. 
The time of hydrolysis for the analyses was varied 
between 17 and 60 hr. and the values obtained in five 
experiments were extrapolated to zero time. 

In order to find the sequence of the tryptic peptides 

the protein was degraded with chymotrypsin and 
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pepsin. Attention was primarily directed to peptic 
and chymotryptic peptides which formed bridges 
between two tryptic peptides (bridge peptides). 
Since all tryptic peptides end with Arg or Lys the 
bridge peptides must contam these basic amino-acids. 
In certain experiments only the Arg-containing 
peptides were selected by the Sakaguchi reaction. 
The peptides were separated on columns of ‘Dowex- 
50’ or ‘Dowex-1’. Further purification was achieved 
by paper chromatography of the dimitrophenyl 
derivatives. In this way about 80 different peptides 
were isolated and their amino-acid composition and 
sequence determined. The C-terminal sequence was 
studied by hydrolysis with carboxypeptidase <A. 
If the terminal group was Arg or Lys, a mixture of 
carboxypeptidase A and B was employed. The 
N-terminal groups were mainly identified by the 
dinitrophenyl method. In order to find the second 
residue the terminal dinitrophenyl amino-acid 
was removed by hydrogenation, according to *the 
method of Justisz** or of Uhlig**, and the dinitro- 
phenylation was repeated. Occasionally the Edman 
degradation was also applied. Further insight into 
the N-terminal configuration was obtained by degrada- 
tion with aminopeptidase. Sequence analysis was 
completed by partial hydrolysis with 0-1 N or 12 N 
hydrochloric acid or further digestion with chymo- 
trypsin or pepsin. Of the 80 peptides only the 22 
bridge peptides are given in Table 2. We have been 
able to isolate all bridges which were necessary to 
connect the twelve tryptic peptides in an unequivocal 
way and thus to deduce the structure of the entire 
chain of 157 amimo-acids. The derivation of the 
formula can be understood by comparison of Tables 1 
and 2 with Fig. 1. 

The peptides I—III (Table 2) contam the C-terminal 
sequence of the TU peptide followed by Thr. Since 
only one tryptic peptide exists beginning with Thr, 
this must be adjacent to the TU peptide. The 
peptides IV—-VIL contain the C-terminal sequence of 
the Thr-peptide and the N-terminal sequence of the 
GluNH,-peptide. Therefore, the GluNH,-peptide 
occupies the positions 47-61. This GluNH,-peptide 
contains one Lys residue which is resistant to trypsin. 
The peptides VIII-X demonstrate the sequence 
adjacent to this first Lys residue. The junction with 
the next peptide beginning with Phe and endmg with 
Lys is given by the peptides XI and XI. The loca- 
tions of the tripeptide Val-Tyr-Arg and the following 
peptide beginning with Tyr are deduced from the 
peptides XIII-XV. The peptic peptide XVI shows 
the location of the dipeptide AspNH,-Arg and the 
following Tleu-peptide. This is joined to the next 
peptide by an Arg-Arg-bond (see peptides XVII 
and XVIIT). The carboxylic group of the second Arg 
residue is attacked slowly by trypsin, thus the tryptic 
peptide position 112-121 contains Arg as the N-ter- 
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Points of cleavage by trypan, 
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minal group. This is followed by the tryptic peptide 
beginning with Ser-Ala, and the location of the 
last two peptides is given by the peptides XX-XXH. 
Additional evidence for the C-terminal position of the 
Ser-peptide (141-157) is that its terminal sequence 
Pro-Ala-Thr is identical with that found to be the 
O-terminal sequence of the tobacco mosaic virus 
protein. Only the relative positions of the residues 
26-28 and 98-102, which are set in parenthoses, 
need reinvestigation. The amidation of the Glu and 
Asp residues marked with an asterisk has not been. 
determined. Apart from this couple of uncertainties 
& good picture of this large peptide ıs obtamed. 
Discussing the reliability of these results we have to 
keep ın mind the following facts. The amimo-acid 
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d 
composition of the tryptic peptides agrees completely 
with that found by Wittmann and Braunitzer and the 
sequence of the first five tryptic peptides has also been 
confirmed by Wittmann™ in quite a different way. 
Some of the tryptic peptides are also described by the 
Berkeley group. Errors are further restricted because 
all the positions are covered by several degradation 
products obtained from the total protein or the 
isolated tryptic peptides. The complete lst of all 
degradation peptides for the positions 1-41 has 
already been publshed*! and that for the other 
positionga will be published elsewhere. In Fig. I the 
points of cleavage by trypsin, chymotrypsin, and 
pepsin are indicated to give a general idea of the num- 
ber of peptides which were laboriously separated and 
characterized. 

The careful analysis of larger peptide chaing furnishes 
several kinds of information. Proteins have specific 
functions and their biosynthesis is under genetic con- 
trol. Therefore we cannot expect a random sequence 
of amino-acids. The accumulation of Ser in the first 
15 and in the last 17 positions is . Thése 
terminal parts, comprising 20 per cent of the molecule, 
contain 11 of the 16 Ser residues. Of course, more 
data on other protems must be collected before any 
conclusion can be drawn about regularities in the 
combinations of individual amino-acids. 

Furthermore the results reveal information about 
the specificity of the proteinases. Trypsm was strictly 
specific for the basic amino-acids; only the Lys 
residue in position 53 was resistant, perhaps due to 
the adjacent Pro, and the Arg residue in position 112 
was inhibited. A Lys residue reastant to trypsin 
was also found in ribonuclease. Chymotrypsin 
liberated the carboxylic group of Phe, Tyr, Try, and 
Leu, and less frequently that of GluNH, (threo 
times) and of Thr (twice). Pepsin reacts rather un- 
specifically. lt frequently affects the carboxylic or 
the amino group of Phe, Tyr, Leu, and Val. Neu 
and GluNH, were also attacked in a few cases. 

Since the ribonucleic acid of tobacco mosaic virus 
induces the synthesis of the protein a relationship 
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between the sequences of the nucleotides and amino- ” 


acids, respectively, must be assumed. The ribonucleic 
acid contains about 6,000 nucleotides, that is, 40 
nucleotides per 1 amino-acid residue in the protein. 
But are so many nucleotides actually required to 
bring one amino-acid mto the right position ? The 
determination of the entire sequence of 6,000 nucleo- 
tides 1s beyond the limits of our present experimental 
techniques. However, it may be possible to find 
certain, correlations utilizing the nadequate technique 
at present available. By treatment with nitrous 
acid the nucleotide pattern of the ribonucleic acid 
can be altered in vitro and genetically stable mutants 
are produced**,3*, The amimo-acid. sequences of these 
mutants should be compared with that of the normal 
strain to find out whether all mutants have undergone 
an alteration in the protein. If the ribonucleic acid 


produces other proteins, the genetical change could ° 


occur in these and the virus protein remains unaffected: 
In this case the ratio of nucleotides per amino-acid 
would be less than 40. 

Fig. 1 shows only the primary structure of the 
tobacco mogaic virus protein. In the virus particles 
this chain is folded into an ordered secondary struc- 
ture leading to protein sub-units. These protein sub- 
units are arranged in & helix which we call the tertiary 
structure. By denaturation the tertiary and secon- 
dary structures are, destroyed, but under certain 
coyditions the disordered protein can be re-naturated 
and ré-aggregated to the original tertiary structure**. 
By reconstitution?’ with ribonucleic acid the tertiary 
structure is stabilized and the length of the protein 
helix is adapted to the length of the nucleotide 
cham. The importance of the ammo-acid sequence in 
determining the internal structure of the tobacco 
mosaic virus particle is therefore evident. 
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RADIOACTIVE FALLOUT DURING 1959 


K By W. ANDERSON, R. E. BENTLEY, L. K. BURTON, J. O. CROOKALL 
and C. A. GREATOREX 


Physics Department, Institute of Cancer Research ; 


Royal Cancer Hospital, London 


HE suspension of nuclear weapons testing from 

November 1958 until February 1960 has provided 
a useful period during which measurements of the 
relative abundance of different radionuclides in fallout 
material may be used to obten some indication of 
the average age of this material and its atmospheric 
history. Further interest attaches to this period, 
for, as shown recently!, the concentration of stron- 
tium-80 in rain falling over Great Britain rose 
sharply during the first half of 1959 to values sub- 
stantially higher than those found for previous years. 
We have made measurements of the radiostrontium 
content of rain-water, sampled throughout 1959, and 
have also studied the variations in the concentration 


of certain short-lived fission products present in 
surface air during the same period. The results of 
these investigations are presented here and are 
discussed briefly in relation to current theories on 
the transport of fission products in the atmosphere. 
Rain-water samples were collected at a site near 
Leatherhead, Surrey, using a polythene funnel and 
collecting bottle (funnel area for early samples, 325 
sq. cm , and latterly, 1,320 sq. cm.).. Radiostrontium 
determinations were made following well-established 
methods*?. Samples of atmospheric dust were col- 
lected from surface air (of the order’of 107 1.) at our 
laboratory at Sutton, Surrey, using a large two-stage 
electrostatic precipitator developed originally for 
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Table 1. PRINCIPAL NvUctIpES 1 YR. AFIBR FISSION SHOWING THEIR ALAIN MODES oF DEGAY* 












Half-lfe of : 
Paent Daughter 





2-6 m. 


64 h. 


* Based on information cited in refs. 6, 7 and 8. 


+ Except in the case of (mreonium-95 + naloblum-95), it ma 
at equilibrium. The figures shown opposite nnolide pairs give 


$ Information not avalflable. 


air-cleansing purposes? (am-flow, 3,800 1./min. ; 
efficiency of precipitation for methylene blue particles, 
0:54 mass median diameter, 80 per cent). These 
samples were studied by y-scintillation spectrometry 
using a 100-channel analyser’. 

Samples collected during May-—September 1959, 
that is, more than sıx months after the last reported 
nuclear weapons test in 1958, showed three prominent 
photopeaks. These peaks were at about 0-14, 0-50 
and 0:75 MeV., which correspond to the y-energies of 


cerium-144, (ruthenium-103 + rhodium-106) and 
(zirconium-95 + niobium-95) respectively. These 
are the main y-emitting nuclides to be in & 


6~18-month old mixture of fission products (Table 1). 
We have therefore assumed that these were the 
nuclides measured. A number of checks on the 
decay of their activity at various times after collec- 
tion provided further confirmation of the vahdity 
of this assumption. The activities presented in 
Table 4 were computed from the areas under the 
photopeaks, using an experimentally determined 
calibration and making due allowance for the known 
branching ratios of the nuclides (Table 1, column 8). 
An. estimate of the separate contributions of ruthen- 
1um-103 and rhodium-106 to the 0-:51-MeV. peak was 
derived from two sets of measurements, one made 
shortly efter collection and the other after a period 
covering several life-times of ruthenium-103. 


Table 2. QUARTHRLY OONOENTRATION (107) 


STRONTIUN-90 IN RAIN, 1959 
1st gnd 8rd 
13 3 15°38 46 


CURIR/LITRE) OF 


Quarter : 4th 
Activity : 10 


The average concentrations of strontium-980 
found by us in rain-water collected over quarterly 
periods during 1959 are shown in Table 2. The 
values for the first two quarters are similar m magni- 
tude to those reported recently', being approximately 
three times the average values found in the same 
periods of the previous four years‘. The marked 
reduction of activity in the third and fourth quarters 
is illustrated in detail by monthly values from May 


Prinaipal y lines 
Transitions 


(MoV) 















Dai tegra tona nias fissionst after 
. for 


sy 232Pu 
(thermal) . (thermal) 





per 100 
disintegrations . (fast) 





be assumed that equal amounts of parent and daughter nuclides are present 
e values for the parent only. 


onwards. These are plotted on a logarithmicescéle 
against time in Fig. 1 (upper curve, puc./l.). 

It is well established’ that, for long-range fallout 
of nuclear debris injected origmally into the strato- 
sphere, the principal mechanism of deposition is 
wash-out in rain-water after entry into the tropo- 
sphere. The amount deposited by dry turbulent 
deposition ia on the average only about 3 per cent 
of the total. In consequence, messurements of the 
specific activity of strontium-90 in rain, for average 
rainfall conditions, provide a useful guide to the 


Activity 





M J J A 8 (0) N D 
Mean date of sample collection 


Fig.1. Fission products in rain-water and alr, 1859. @, strontium- 
90 ln rain; O, a i > e {zirconmum-95 + niobium- 
in A 
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variations of activity in the lower atmosphere. It 
should be noted that the present monthly values for 
strontium-90 (Fig. 1) will include different fractional 
contributions from the dry deposition process, depend - 
ing on the extent of. departure from average con- 
ditions. Thus, from the known rainfall, and following 
the previous findings of Stewart et al.°, 1t appears that 
for both May and June, which had comparatively 
low rainfalls, a dry deposition contribution of about 
20 per cent should be allowed, compared with about 
5 per cent for the other months, which had near 
average conditions. With due allowance for this 
factor, the results indicate that the concentration of 
strontium-90 in the lower atmosphere at the end of 
1959 had fallen to one-twentieth of that present in 
May of the same year. Since the amount of radio- 
active decay of strontrum-90 during this time would 
be negligible, the rapid fall in activity is clearly due to 
meteorological factors. 
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Table 8. STRONTIUM-89/STRONTIUM-90 RATIOS IN RAIK, 1059 
Aonth : Ma June Jul August Bept. Oct. 
"Sy Srt 73 55 2 i 27 — <10 
* Sr (Tu, = 61 days) values calculated to mid-month, 


The strontium-89/strontium-80 ratios of the rain- 
water (Table 3) provide a measure of the age of the 
strontium-90 being deposited during the summer of 
1959. These ratios may be compared with the 
méxn®um values to be expected on the assumptions 
of (1) a strontium-89/strontium-80 ratio between 
150 and 200 at the time of fission’,” and (2) an absence 
of weapons testing since November 1958. This 
comparison leads to the conclusion that on the 
average 70-85 per cent of the strontium-90 deposited 
during May--August 1959 was derived from fission 
processes which occurred during the autumn of 1958. 

The results obtained for the concentrations of 
rhodium-106 and (zirconium-95 + niobium-95) in 
surface air are shown in Table 4. Compared with 
strontium-90, these radionuclides are short-lived, and 
during the period of the investigation a substantial 
radioactive decay of the atmospheric reservoir of 
these activities must have occurred. Using the known 
half-lives of these nuclides, the values in Table 4 
may be re-acaled to eliminate the effect of the radio- 
active decay which occurred after the date of the 
first sample (May 17, 1959). ‘The values adjusted 
in this way have been plotted on a logarithmic scale 
in arbitrary units against time (Fig. 1, lower curve). 
The two sets of results (rhodium-106 and zirconium- 
95 + niobium-95) have been normalized after equat- 
ing the values for the first sample. 

It is useful to compare the two curves plotted in 
Fig. 1, simce both reflect changes in the radioactive 
particle content of the lower atmosphere. It should 
be noted, first of all, that our measurements relate to 
the atmosphere at a single site. However, since & 
prolonged pericd for atmospheric mixing elapsed 


Table 4. CONOBEH TRATIONS (107)? OUBRIA/LITRE) or < REONIUAIOO 
AND (ZIRCONIUM 


-96 + NIOBIUN-95) IN A 


Mean date of | Period of col- | Rhodium-108* | (Zirconiam-05 
oollisotion lection (days) + niobhkrm-85) 
17. 5.59 4 17 0 180 

2, 6.59 11 11-3 88 
16. 7.59 18 1 02 11 
12. 8.59 18 0'70 1'8 
8. 9.59 11 0-25 1-7 
$1.12.59 21 0-26 0-25 
* The ra bag age ma ee hod TOe for the sample at 17.5.59 
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between the last reported test in 1958 and the start 
of the present mvestigation, it is clear that the 
results represent conditions in the atmosphere over 
a comparatively wide area. This conclusion is under- 
lined by the results of Stewart et al. on the spread 
of nuclear dust clouds which were formed in the lower 
atmosphere from low-yield explosions. These workers 
showed that the lateral spread was virtually complete 
after a few weeks. Thereafter, apparently as the 
result of removal by deposition, the specific nuclear 
dust content of the air decreased exponentially, the 
‘half-life’ for this process being approximately 22 
days. 

Looking at Fig. 1, it will be seen that the values 
plotted for rhodium-106 and (zirconium-95 + nio- 
bium-95) he fairly close to a straight line. This 
indicates that the concentration in air of fallout 
particles, which contained these nuclides, decreased 
exponentially during May-September 1959. The 
slope of the line shows that the ‘half-life’ of the 
removal process was approximately 20 days. ‘The 
close similarity of this figure to that noted above 
for the removal of nuclear dust distributed in the 
lower atmosphere indicates that during June- 
September 1959 there were no substantial additions 
of relatively short-lived fission products to the lower 
atmosphere, either from a stratospheric reservoir, 
or from fresh weapons tests. 

It will also be seen from Fig. 1 that the trend of 
the values of strontium-90 plotted for May—August 
1959, is similar to that for the shorter-lived materials. 
The slope of the curve until August suggests a ‘half- 
life’ for removal of strontium-90 of between 30 and 
40 days. Thereafter, the apparent rate of removal 
becomes greatly reduced and approaches zero at 
the end of the year. This is a clear indication that 
at the end of 1959 strontium-90 levels were being 
maintained by material from a stratospheric 
reservoir. 

Taken together, the various lines of evidence pre- 
sented above lead to the picture that about 75 per 
cent of the fallout of strontium-90 during the summer 
of 1959 was derived from a tropospheric reservoir 
built up during the early months of the year from 
material injected into the upper atmosphere in the 
autumn of 1958. Towards the end of 1959 ıt appears 
that the strontium-90 levels were then maintained 
largely by material descending from the strato- 
sphere. 

The average age of the strontium-90 ın the strato- 
spheric reservoir is a question of some interest. A 
comparison of the current trend of levels of relatively 
short-lived fission products with that of strontium-90 
throws light on this question. It should be noted that 
the estimation of rhodium-106 in air was complicated 
at the end of 1959 by the fact that beryllium-7 pro- 
duced by cosmic rays (y line, 0-48 MeV.) was present 
in the air at about the same concentration as the 
fission-product nuclide (results in preparation). The 
values presented for rhodium-106 and (zirconium-965 -+ 
niobium-95) at December 1959 (Table 4) have been 
estimated by y-spectrometry with due allowance 
for the effect of beryllium-7 on the rhodium-106 
photopeak. After correction for radioactive decay, 
these December values suggest that the lower curve 
of Fig. 1 should be continued approximately parallel 
to the upper curve. This indicates that a large 
proportion of the fallout at the end of 1959 originated 
in fission processes which occurred during 1958. 

During the years 1955-58 the trend of strontium-90 
concentration in rain falling over Great Britain has 
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shown fairly regular seasonal fluctuations, with 
maxima in the spring and minima in the autumn, 
the ratio of maximum to minimum being on the 
average 4 (ref. 1). These fluctuations have been 
interpreted by Stewart’ as representing a seasonal 
variation in the rate of descent of stratospheric air, 
carrying long-lived fission products, into the tropo- 
sphere. Martell? has advanced an alternative explana- 
tion suggesting that each maximum has been due to a 
rapid descent of activity in the spring from tests 
conducted st high latitudes in the autumn of the 
preceding year, the minimum values representing 
levels due to a more or leas steady leak from a 
relatively persistent stratospheric reservoir. The 
results obtained by us for 1959 are clearly consistent 
with Martell’s suggestion. It should be noted, 
however, that the strontium-90 maximum occurring 
in 1959 was notably higher than in previous years, 
and that the ratios strontium-89/strontium-90 do not 
exclude the possible occurrence of older stratospheric 
matérial at levels correspondmg in magnitude to 
previous maxims. Consequently, it is not clear 
whether the increase m the maximum value for 1959, 
compared with previous maxima, reflects simply a 
quantitative difference, or whether two different 
upward fluctuations have been supermposed. In 
the latter caso, ıt might be expected that the levels 
of activity would show a rise early in 1960. In this 
connexion it 19 interesting to record that the value 
found by us for the concentration of strontium-90 
in rain collected during January 1960 was 1:7 wue./1., 
which 1s approximately twice the value for December 
1959. A preliminary analysis of our early 1960 dust 
samples also indicates an upward trend of rhodium- 
106 concentration in the air. 
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It may be useful to note that the nuclear test 
conducted on February 13, 1960, was carried out at a 
period when the activity already bemg deposited was 
apparently increasing. It is clear, therefore, that any 
upward trend ın total atmospheric activity appearing 
after mid-February 1960 would not necessarily mdi- 
cate & rise due to recent weapons testing. The 
effect of the French test (February 13) at the present 
site was to produce a pronounced, but transitory, 
rise of activity, comprising mainly short-lived fission 
products! 

We wish to thank our colleague, Mr. R. P. Parker, 
for valuable information on the relative abundance 
of rhodium-106 and beryllum-7 in recent dust 
samples. 

We are indebted to Prof. W. V. Mayneord, director 
of the Physics Department, Institute of Cancer 
Research: Royal Cancer Hospital, for his guidance 
and encouragement TORERO this work. 
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DENSITY OF THE UPPER ATMOSPHERE AND ITS DEPENDENCE 
ON THE SUN, AS REVEALED BY° SATELLITE ORBITS 


By D. G. KING-HELE and Mrs. D. M. C. WALKER 
Royal Aircraft Establishment, Farnborough 


N previous articles in Naturel- on upper-air 
density, a method of finding density from changes 
in the orbits of artificial satellites was presented, 
values of average density were obtained from fifteen 
satellites launched before September 1959, and the 
variation of density with latitude and season was 
discussed. The present article extends these results, 
‘giving revised values for air density at heights 
between 180 and 700 km. deduced from twenty-one 
satellites at dates up to March 1960, and describes 
two significant new features of the upper atmosphere 
which have now become apparent. 


Method of Analysis 


A satellite movimg in an elliptic orbit encounters 
most air drag when it is closest to the Earth, and so 
the air density in this region, at heights near that of 
pengee, can be determined from the rate of con- 
traction of the orbit, 1f the mass, size and shape of 
the satellite are known. 

The method of analysis adopted here 1s the same 
as before’. The air density p is assumed to vary 
exponentially with height y, so that 


D 


p = const. x oxp(— y/H) (1) 
where H is a constant, the value of which is not 
known exactly*. It can then be shown! that, if H* 
is the best estimate of H, the air density e*, say, at 
a height 4H* above perigee height is given in terms 
of the rate of change of orbital period, dT'/dt, by the 
equation : 


6 _ de® 5 a" 
NEE = gag Cams) | (2) 


where a is the semi-major axis of the orbit, e ita 
eccentricity, and 8 a drag parameter, discussed in 
the next paragraph. If 0:02 <e < 0°15, as for 
most satzllites, and uf, as is almost certain, H* does 
not differ from the true value of H by a factor of 
more than ]-5, the maximum error in equation (2) 
is less than -5-per-cent. If-e is increaged to 0-2, the 
maximum error rises to 10 per cent. If e < 0-02, 
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Table 1. VALUES OF ô = FSC/m FOR SATELLITHS 10570-10594 










1 1 0 
0-015 
uiii 2 9 0 015 
plorar 1. 19584 ‘0 0 089 
Vanguard 1 1958/2 “4 0 040 
Fanguard 1 rocket 196881 7 0 -050 
Explorer 3 1958y 1 0-089 
Spuintk 8 195822 2 9 -0046 
Sp uimik 8 rocket 196841 G 015 
rer 4 1058 0 082 
19585 0 -032 
Vanguard 2 195921 0 044 
Vanguard 2 rocket 19692 0 050 
Discoverer 95y 6 O21 
Discoverer & 195961 9 O21 
iscoverer 5 capsule 19592 o 0081 
Discoverer 6 TRONE £ nce 
V 3 
pears 7 10691 0 021 
Explorer 7 rocket 19592 0 048 
Discoverer 1959x 0 O21 
Discoverer 19582 0 O21 


equation (2) is replaced by a more generalized 
formula? in terms of Bessel functions. 

The parameter 3 in equation (2) denotes the 
quantity FSOp/m, where F is a factor which allows 
for rotation of the atmosphere and hes between 0:9 
and 1, S is the effective cross-sectional area of the 
satellite perpendicular to the direction of motion, 
Op 18 a drag coefficient the value of which normally 
lies between 2 and 2-3, and m is the mass of the 
satelite. The value of S is, as before’, calculated on 
the assumption that each satellite has rotated about 
an axis of maximum moment of inertia, which may, 
however, have any direction in space, so that 9 is 
taken as the mean of the values in the two extreme 
forms of motion—travelling like an aeroplane pro- 
peller, and tumbling end-over-end. The value of 
Op 18, in accordance with the results of Cooké for 
free-molecule flow with diffuse reflexion, taken as 
2:2 for the spherical and nearly cylindrical satellites, 
and 2:15 for the conical Spuimsk 3. Values of 8 for 
Sputnik 2 and the rockets of Sputniks 1 and 3, for 
which m and S are unknown, are found by com- 
parison with Sputniks 1 and 2, as explained pre- 
viously?. 

Table 1 lists the values of 8 thus obtained for all 
the satellites launched before March 1960 and having 
known orbits, apart from Haplorer 6 (19593) and 
Tuntk 3 (19598), to which the theory is not applic- 
able, since e is much greater than 0-2. The values 
for the Discoverers refer to the period after the 
ejection of their capsules. The error (standard 
deviation) in the tabulated values of 3 is estimated 
to be rather less than 10 per cent. 


Day-to-Night Variations in Density 


At heights of 200-300 km. the density probably 
does not depart from its averaga value by more than 
10 per cent as a result of dey-to-night variation?.’, 
but at heights above 400 km. this day-to-night 
variation becomes increasingly important. For 
Vanguard 1, which has a perigee height of about 
850 km., the perigee point first entered the Earth’s 
. shadow about July 1959, and at about the same time 
the slope of the period-versus-time curve was greatly 
reduced. This effect was noted by Jacchia’ and further 
examined by Martin and Priester',1*, Since then, 
five other satellites with perigeo heights between 
550 and 650 km. have exhibited a similar effect, as 
Fig. 1 strikingly demonstrates. Fig. 1 shows the 
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change in the orbital period during the life-tumes of 
the satellites Vanguard 1, Vanguard 2 and Explorer 7, 
and their rockets (195882 and 1, 195901 and 2, and 
195911 and 2: perigee heights 650, 560 and 560 km., 
respectively). Each curve is drawn as a full line 
when. perigee is in sunlight, and as a broken line when 
perigee is in the Earth’s shadow. For all six satellites 
the slope of the period-versus-time curves shows & 
gradual change from a maximum value in day-time 
to a minimum value at night; with the three satellites 
for which well-defined maximum and minimum slopes 
are available, the values differ by a factor of about 8. 
This shows that the drag acting on the satellites, and 
hence probably the air density, is much greater by 
day than by night at these altitudes. For Explorer i 
(perigee height 350 km.) a similar but much smaller 
variation has been noted'. 


Results 


Fig. 2 shows the values of air density obtamed by 
applying the method of analysis already described to 
twenty-one of the satellites hsted m Table 1. The 
required orbital elements are based on the Table of 
Artificial Satellites issued by the Royal Airaraft 
Establishment, Farnborough. In this table values for 
the Smantks are from British observations and 
theory’ ; those for the American satellites are com- 
pled from data issued by the U.S. prediction centres, 
and from theory. Values of H* for use in equation (2) 
are taken from a smoothed version of the values of H 
previously recommended’. At heights below 300 km. 
no attempt is made to separate day-time and night- 
time values of density ; but for satellites with perigee 
higher than 300 km., two values of d7'/dé are distin- 
guished, the maximum day-time value and the 
roinimum night-time value. These have for conveni- 
ence been labelled ‘midday’ and ‘midnight’ values in 
Fig. 2; but they represent rather the average density 
during the time, usually lasting several weeks, when 
the satellite’s perigee is in the ‘early afternoon’ position 
where density appears to be highest* (or in the ‘after 
midnight’ position where density is least). The 
resulting values of density are less accurate than 
those at lower altitudes, with a standard deviation 
of perhaps + 20 per cent above 400 km., and the 


curves are therefore drawn as broken lines in Fig. 2. 
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Fig. 2. Denmty,of the upper atmosphere obtained from the orbits of 21 satellites 


In discussing the features of interest in Fig. 2, it is 
best to begin at the lower altitudes. At heights 
between 180 and 300 km. there are 27 points, 
referring to satellites of different sizes and shapes, at 
different seasons, latitudes, eto.: 22 of the points 
differ from the curve by a factor of less than 1-35 and 
none by a factor of more than 1-6. This confirms 
previous evidence!-? that the density did not depart 
from the long-term average for 1957-59 by a factor 
of more than 1:5 as a result of variations with latitude 
or season, or from day to night, though there might 
be variations of larger amplitude during time intervals 
too short for the orbits to register, that is, less than 
one day. 

A. second significant feature of Fig. 2, not apparent 
at first sight, is a slow variation of density with time 
at heights of 180-250 km. The 24 points in this region 
can be divided into two groups, for October 1957- 
January 1959 (14 points) and for August 1959-March 
1960 (10 points), respectively, and the mean curves 
through each of these groups give densities which are 
respectively about 10 per cent higher and 10 per 
cent lower than the curve of Fig. 2. Thus, there has 
apparently been a small decrease in average density 
between, say, mid-1958 and the end of 1959, and 
this explains why the points in Fig. 2 are not so near 
the average curve as in the corresponding graph of 
ref. 2. Further evidence of such a decrease in density 
comes from S&S tk 3, which was in orbit from May 
1958 until April 1980: the usual methods of pre- 
dicting life-time have, for this satellite, consistently 
under-estimated the true life-time. This unexpectedly 
long life would result from either a general decrease 
ın density or a reduction ın the effective cross-sectional 
area S of the satellite ; but the latter possibility can 
be ruled out because, for Sputnik 3, S is little affected 
by changes in the mode of rotation’. The decrease 
in density appears to confirm the suggestion in a 
previous article? that the average air density is likely 
to vary in the-course of the 1l-year sunspot cycle. 
For it is well known?®-* that solar disturbances largely 
control the day-to-day variations in air density at 
heights of 200-300 km., with the density tending to 
be high when ts are most numerous!’, ` It is 
therefore to be expected that, as indicated by Fig. 2, 
the average air density will be highest at the sunspot 
maximum, in 1957-58, and will decrease slowly for a 
few years thereafter. 


For heights between 300 and 700 km. the results 
in Fig. 2 from the various satellites agree well, and 
the midday and midnight values are clearly dis- 
tinguished. The good agreement may be partly 
fortuitous, since for some of these satellites dT fdt is 
not well defined, being based on very small changes 
in period. The density given by the ‘midday”ourve 
in Fig. 2 exceeds that on the ‘midnight’ curve by 
factors of 1-6, 3, 6 and 11 at heights of 400, 500, 600 
and 700 km., respectively. It should be remembered 
that the density changes gradually between its day- 
time maximum and night-time minimum, as Fig. 1 
shows: the density seems to depend primarily on 
the zenith distance of the Sun, density being highest 
when the Sun is nearly overhead’. Thus, at heights 
above 500 km., the density should appear to vary 
with latitude and season; for example, density 
would be high by day in the equatorial regions and 
low near the poles in winter. But it would be mis- 
leading to call such effects ‘variation with latitude’, 
since such a nomenclature would tacitly attribute 
to terrestrial geometry an effect whose true source 
is golar. 

At heights of 400-700 km. the major uncertainty 
in the values of density is, as has been emphasized 
beforel,?, the role of electrical drag. As a satellite 
moves through the ionosphere ıt tends to collect 
electrical charge, most probably negative charge. 
The potential to which the satellite becomes raised 
is not usually known, however, and, even if it were, 
the magnetohydrodynamic theory of the drag of a 
charged body in these conditions has ‘not been 
properly formulated. The potential was estimated 
by Jastrow and Pearse™ to be about — 10 volts in 
darkness, while measurements on Spuintk 3 indicated 
potentials between — 2 and — 6 volts in sunlight}. 
If the potential is of order — 10 volts, the theory of 
Kraus’ suggests that at heights of 600-700 km. the 
electrical drag would be less than 10 per cent of the 
total drag, and would thus scarcely be significant in 
considering a change of drag by & factor of 8. At 
present, therefore, it appears most probable that the 
changes in density indicated in Fig. 2 are real; but, 
if the potential were much higher than assumed 
above, the electrical drag might have an important 
effect. 

Another possible source of error is the effect of the 
radiation pressure P of sunlight. An approximate 
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analysis suggests that the change per revolution in 
the orbital period T' of a satellite of reflectivity e is 
of the order : Pi 


® 
e SEE eae 
mg fa fi 
where r, and r, are the distances of the satellite from 
the Earth’s centre when it-(1) enters and (2) emerges 
from the Earth’s shadow, and g is the average 
gravitational acceleration while the satellite is in 
.eclipse. In the long run, this effect will tend to cancel 
out, since the mean value of the second bracket is 
zero, though for a satellite with perigee remaining in 
sunlight for a long time—such as Vanguard 1-—the 
effect builds up ; even for this satellite, however, the 
in the orbital period in six months would be 
only about 0-001 min., which, as Fig. 1 shows, is less 
than 10 per cent of the total change, even when the 
perigee.is in darkness. The effect is likely to be 
important only for an inflated-balloon satellite with 
a perigee which is arranged to remain in darkness 
for several years. i 

To sum up, it appears likely that at heights 
between 200 and 300 km. the curve of Fig. 2 gives 
the average density for 1957-60 with a standard 
devistion of about 10 per cent, though the density 
has decreased by perhaps 20 per cent between 1958 
and 1960. At heights above 400 km. the curves 
become 4ess accurate, and it should be noted that, 
by chance, the midday values all refer to early 1959 
and the midmght values to iate 1959 or early 1960, 
so that any general decrease ın density during this 
time, to match the decrease at lower altitudes, will 
have widened the apparent difference between day 
and night. 

The curves of Fig. 2 agree well with the: direct 
measurements of air density made by the mano- 
meters in Sputnik 3, a8 reported by Michnevich etal.” 
At heights between 225 and 300 km. the difference is 
less than 20 per cent; at heights of 300-500 km. the 
direct measurements fall between the two curves of 
Fig. 2, within the region which would be expected 
from the local time of the measurements. Also the 
density at a height of 430 kmn., obtained from the 
expansion of a sodium cloud from a Russian Geo- 


NATURE 


931 


physical Rocket in September 1958 (ref. 18), is within 
5 per cent of the midday curve in Fig. 2. 

Values from the curves of Fig. 2 are listed in 
Table 2. 


Scale Height and Air Temperature 


The values of the coefficient H of equation (1), 
which is nearly equal to the atmospheric scale 
height, can be found from the slope of the density- 
versus-height curves of Fig. 2, and values are listed 
in the last column of Table 2. There is a slight 
indentation in the curve of Fig. 2 at a height near 
210 km., though this is less pronounced than in the 
corresponding curve in ref. 2, because the scatter of 
the points is greater. The values of H in Table 2 
are subject to maximum errors of about -+ 20 per 
cent between 180 and 300 km. height and to larger 
errors at greater heights. 

The value of air temperature can be deduced! from 
H and the mean molecular weight of the air, M, 
which is, however, not known exactly. Taki 
M = 22 at 200 km., decreasing to M = 16 at 500 kma., 
and constant thereafter, and using the values of H 
from Table 2, the temperature obtained at a height of 
200 km. is about 1,200° K.; at a height of 600 km. 
the value would be about 1,200° K. in darkness, or 
about 2,200° K. in sunlight. 


Concluslons 


The wide variation of density between midnight 
and midday at heights above 500 km., which had 
previously been noted for one satellite’, has now 
shown itself for five other satellites (see Fig. 1), and 
the day-time and night-time values revealed by each 
conform to a consistent pattern (see Fig. 2). 

At heights between 180 and 350 km., the average 
air density seems to have decreased appreciably, by 
perhaps 20 per cent, between 1958 and 1960. Since 
it is known that day-to-day variations in air density 
depend on solar activity, this change is interpreted 
as the beginning of an ll-year cycle, maximum 
density occurring at the sunspot maximum in 
1957-58. At heights above 250 lun. this effect ought 
to be more prominent. 


We are grateful to the United States prediction 
centres, Project Space Track and the Smithsonian 
Astrophysical Observatory for supplying many of 
the values of orbital period used ‘in this article. 
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OBITUARIES 


Prof. J. H. C. Whitehead, F.R.S. 


Pror. J. H. C. Warrepmap, who died suddenly in 
Princeton on May 8, was one of our greatest mathe- 
maticians. His contributions to topology were both 
massive and fundamental. He also had an inter- 
national reputation as a geometer and as an alge- 
braist. In research he went from strength to strength, 
uniting profound study with ever-growing creativity. 

Henry Whitehead, as he was known, was Waynflete 
professor of pure mathematics in Oxford. He lived 
m the Otmoor village of Noko where his wife Barbara 
runs a farm, in which he took the liveliest interest. 
Their exuberant hospitality brought many and varied 
friends to Manor Farm, as it had done previously to 
their house in north Oxford. They shared great zest 
for life and enjoyed a marriage of happi- 
ness. They have two sons, David and Oliver. 

Whitehead was born in India in 1905. His father, 
Bishop of Madras and brother of the philosopher 
A. N. Whitehead, sent him to Eton, a school for 
which he always had the highest regard. He went 
on to read mathematics at Balliol under H. W. 
Nicholson. After graduating, he first tried financial 
work in London but soon decided on a university 
career. 

In 1928 he went to Princeton for three years 
as a Commonwealth Fellow to study under Oswald 
Veblen, whose high standards deeply influenced his 
‘mathematical thought and style. Together they 
wrote the important Cambridge Tract, “The Founda- 
tions of Differential Geometry”, which is now regarded. 
as a classic, and Whitehead also wrote a number of 
papers on differential geometry, including his Prince- 
ton Ph.D. thesis. Although he never lost his interest 
in geometry, it quickly became dominated by the 
study of topology, to which he was initiated by 
Veblen, Alexander and others. This young subject 
had run into formidable problems which have only 
recently begun to give way. The attempt to solve 
these strongly developed Whitehead’s conceptual 
powers and led him towards some of his finest work. 

On his return to Oxford as Tutorial Fellow at 
Balliol, he plunged mto college life with huge enjoy- 
ment. He was an inspiring and open-hearted teacher, 
to whom mathematics mattered and the clock did 
not. He was an entertaining and resourceful talker 
with a highly independent view of people and affairs. 
He loved the more sociable kinds of sport, perhaps 
cricket most of all. In the Alps he did some fine 
climbs with Alexander, such as the Zmutt ridge of 
the Matterhorn and the Grand Charmoz, and he was 
also a good skier. 

Following his marriage m 1934 Whitehead began 
to publish those pioneer studies which have made 
him famous. These were mostly on topological 
subjects, but there are also papers dealing with Lie 
algebras and free groups. By the beginning of the 
Second World War he was already concentrating on 
homotopy theory more than classical topology, and 
this remained his main interest until two years ago. 
The fifty papers he wrote on this subject have had 
great influence on its development and contain some 
of its most important theorems and ideas. 

During the War, Whitehead worked for the 
Admiralty and the Foreign Office, but his research 
atill continued. He was elected to the Royal Society 


and then, at the end of the War, he was chosen to 
succeed Dixon as Waynflete professor at Oxford. 
This made him a Fellow of Magdalen, where he con- 
tinued to enjoy many aspects of college life. He 
never lacked students to inspire with his great know- 
ledge and love of mathematics. Always generous 
with time and ideas, he managed to be encouraging 
while at the same time maintaining the highest 
standards. Students came to him from all over the 
world. To him is largely due the quality of the work 
which many of them have since done. 

At Oxford Whitehead did much to foster the 
new Mathematical Institute, with its friendly atmo- 
sphere and spirit of hard work. He helped to 
found the very successful series of British Mathe- 
matical Colloquia. Through this and through the 
London Mathematical Society the invigorating effect 
of his personality was felt far outside Oxford. He 
valued international contacts and kept in close touch 
throughout with topologists in the United States, 
France, Poland, the U.S.S.R. and elsewhere. 

Last year he felt ready to return, with vastly 
increased powers, to those problems which had chal- 
lenged him as a student. Accordingly, he went on 
sabbatical leave to the United Stetes, and i wis 
there in Princeton that he died. I. M. Jamus 


Dr. C. S. Gum 


On April 28, Dr. Colin Stanley Gum, one of Aus- 
tralia’s outstanding younger generation astronomers, 
was killed in a skiing accident at Zermatt, Switzer- 
land. He had just been appointed to the post of 
senior lecturer in astrophysics in the University of 
Sydney, and his visit to Europe was in connexion 
with plang for the installation of a reflecting telescope 
by the University. 

Colin Gum was born in 1924. He graduated with 
honours in physics at the University of Adelaide in 
1949 and proceeded to Mount Stromlo Observatory, 
where, in 1955, he obtained his Ph.D. degree in 
astronomy, the first given by the Australian National 
University. After a short period on the staff of the 
University of Adelaide, he joined the Commonwealth 
Scientific and Industrial Research Organization 
Radiophysics Laboratory in 1956, and in 1958 he 
wag awarded a Carnegie fellowship to the Mount 
Wilson and Palomar Observatories, where he was 
working immediately prior to the fatal trip to Europe. 

His work alternated between radio anfl optical 
astronomy but was consistently concerned with 
interstellar matter. His main contribution in the 
optical field was a major survey of hydrogen emission 
regions in the southern sky. In the Radiophysics 
Laboratory he studied the distribution in the Galaxy 
of interstellar hydrogen, using 21-cm. radio observa- 
tions. Through this work he became a key member 
of the International Astronomical Union Commission 
which set up a new system of galactic co-ordinates in 
1958, primarily on the basis of such information. At 
Mount Wilson and Palomar he had begun to work 
on interstellar polarization in external galaxies. 

His death is deeply regretted by his colleagues in 
Australia, both radio and optical, and is a very 
serious loss to Australian science. 

J. L. Pawsry 
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NEWS and VIEWS 


Queen’s Birthday Honours List 


Ten following names of scientists and. others 
associated with scientific work appear in the Queen’s 
Birthday honours list : 

K.O.B.: Frank C. Francis, director and principal 
lbrarian, British Museum. 

K.B.E.: Dr. Robert Cockburn, chief scientist, 
Ministry of Aviation. 

Knights : Dr. Robert 8. Aitken, vice-chancellor of 
the University of Birmingham; Dr. Basil F. J. 
Schonland, director, Research Group, U.K. Atomic 
Energy Authority ; Dr. Gordon B. B. M. Sutherland, 
director of the National Physical Laboratory; Dr. 
Henry G. Thornton, foreign secretary of the Royal 
Society ; Prof. Robert D. Watt, emeritus professor 
of agriculture in the University of Sydney. 

O.B.: Dr. F. M. Lea, director of the Building 
Research Station, Department of Scientific and 
Industrial Research; Dr. J. S. McPetrie, director- 
general of Hlectrenics Research and Development, 
alinistry of Aviation. 

C.M.G.: N. F. Mitchell, president of the Royal 
Agricultural Society of Victoria; J. H. Parry, 
principal of University College, Ibadan, Western 
Region, Nigeria. 

C.B.E. : Dr. T. E. Allibone, director of the Research 
Laboratory, Associated Electrical Industries, Ltd. ; 
Prof. N. 8. Bayliss, professor of chemistry in the 
University of Western Australia ; L. Farrer-Brown, 
director of the Nuffield Foundation; J. 8. Carter, 
chief alkal inspector, Ministry of Housmg and Local 
Government ; A. P. 8. Forbes, director of agriculture, 
Tanganyika ; Capt. G. I. D. Hutcheson, for services 
to the engmeering profession in Australia; Prof. 
T. G. H. Jones, professor of chemistry in the Univer- 
sity of Queensland; W. J. Langford, headmaster 
of Battersea Grammar School; R. B. McConnell, 
director of geological surveys, British Guiana; 
K. D. 8. MacOwan, director of veterinary ser- 
vices, Kenya; Prof. M. E. L. Mallowan, professor 
of Western Asiatic archsology, University of 
London, and director of the British School of 
Archmology ; H. F. Mooney, forestry and soil con- 
servation adviser, Middle East Development Division, 
Lebanon; Prof. A. W. Scott, professor of chemical 
engineering, Royal College of Science and Technology, 
Glasgow, for contributions to the food dehydration 
industry and services to the Aberdeen research 
establishment of the Ministry of Agriculture, Fisheries 
and Food; A. F. M. Smith, director of lands and 
surveys, Uganda; Dr. R. A. Smith, chief scientific 
officer, Royal Radar Establishment, Ministry of 
Aviation; J. C. C. Stewart, deputy managing direo- 
tor, Production Group, U.S. Atomie Energy Author- 
ity; Dr. F. R. Tubbs, director of the East Malling 
Research Station, Maidstone; Dr. E. I. White, 
keeper of palwontology, British Museum (Natural 


History). 

P. A. Allison, lately conservator of 
forests, Western Region, Nigeria; T. Lacey, prin- 
cipal in the Department of Scientific and Industrial 
Research; E. W. Pratt, senior principal scientific 
officer, Admiralty. 


Atomic Energy Research Establishment Appoint- 
ments : Mr. B. S. Smith 


Mr. B. S. Sacere has been appointed head of the 
Isotope Research Division of the Atomic Energy 
Research Establishment. This Division was formed 
from the Isotopes Division as part of the re-organiza- 
tion of isotope production and application work carried 
out by the Atomic Energy Authority last year. The 
Division has recently completed a move from Harwell 
to the Wantage Research Laboratory, six miles away, 
which was opened by the Minister for Science, Lord 
Hailsham, on May 16. Mr. Smith is a graduate of 
King’s College, London, where he was a demonstrator 
in physica from 1934 until 1939. During the War he 
worked at the Radar Research and Development 
Establishment, first on gun-leying radars and later 
on. ‘Identification, Friend or Foe Systems’. In 1944 
he transferred to the Tube Alloy Project, and went 
to Canada, where he worked on the instrumentation 
for the Canadian NRX reactor. He returned to 
Harwell in 1947, and shortly afterwards joined the 
newly formed Health Physics Division. He became 
deputy head of the Division in 1964, and head when 
Dr. W. G. Marley took over the Radiological Pro- 
tection Division of the Authority’s Health and Safety 
Branch. 


Mr. N. G. Stewart 


Mr. Smrrx’s place as head of the Health Physics 
Division will be taken by Mr. N. G. Stewart, who iè 
at present head of the Health and Safety Division at 
the Dounreay Experimental Reactor Establishment. 
Mr. Stewart graduated at the University of Aberdeen 
in 1937, where he gained first-class honours in 
mathematics and natural philosophy. After a period 
teaching, he joined the Radar Research and Develop- 
ment Establishment at the beginning of the War, 
and became leader of the Aeral and Waveguide 
Systems Section. He joined the Health Physics 
Division at Harwell in 1948, and became head of the 
Radiation Measurements Group. He was transferred 
to Dounreay in 1958. 


Chemical Engineering at Nottingham: 
Prof. R. Edgeworth Johnstone 


Dr. ROBERT EDGEWORTH JOHNSTONE, at present 
assistant technical manager of Springfield Works, 
United Kingdom Atomic Energy Authority, has 
been appointed to be the first Lady Trent pro- 
fessor of chemical engineering in the University 
of Nottingham. The chair has been endowed by 
Boots Pure Drug Co., Ltd., Nottingham, in recog- 
nition of the services rendered to the University 
by the late Lord Trent and Lady Trent. Dr. 
Edgeworth Johnstone was educated at Wellington 
College and the Royal Military Academy, Woolwich, 
after which he spent two years at the Man- 
chester College of Technology and a further year 
at University College, London. He graduated with 
first-class honours in applied chemistry and was 
awarded the degree of M.Sc. in chemical engineering 
of the University of London. In 1958, he was awarded 
the degree of doctor of science. He has had wide 
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experience in Great Britain and abroad of large-scale 
plant management and development, and after the 
War was design engineer for important new petro- 
chemical and chemical units in Lancashre and 
London. For almost ten years he has been with the 
Ministry of Supply with special responsibility for 
pilot plant experiments and process studies, and he 
has published numerous articles on the problems of 
translating experimental and small-scale production 
methods into full-scale commercial schemes. 


Research In Optical Design at the Imperlai College, 
London 


AN optical design group is to be set up at the 
Imperial College of Science and Technology, London, 
under the direction of Dr. C. G. Wynne, of the Wray 
Optical Co., Ltd., with the support of a grant for an 
initial period of seven years of £9,400 a year from the 
Department of Scientific and Industrial Research. 
The group, initially employmg a staff of four in 
additton to Dr. Wynne, will be established under 
Prof. W. D. Wright, professor of technical optics in 
the College. The scientific pr e will be: 
(1) to develop new methods of lens design, including 
the use of electronic digital computers, and to give 
instruction in these methods; (2) to design and 
construct lens systems of orthodox type but umproved 
performance; of novel types including systems 
employing aspheric surfaces; and of specialized 
systems required in vary limited numbers but having 
unusual performance characteristics, such as for 
space research. 


Dr. C, G. Wynne 


Dr. WYNNE graduated at Exeter College, Oxford, 
to which he won an open science scholarship in 1930. 
He joined Messrs. Taylor, Taylor and Hobson, Ltd., 
where he worked on lens design. In 1943 he became 
chief lens designer to Messrs. Wray (Optical Works), 
Ltd., and in 1949 a director of Wray (Developments), 
Ltd., a subsidiary company which has undertaken a 
considerable volume of new optical design. In 1955 
he became technical director of Wray (Optical Works), 
Ltd. In 1953 he was awarded a Ph.D. by the Univer- 
sity of London. Dr. Wynne is the honorary business 
secretary of the Physical Society and is the honorary 
secretary of the newly established Institute of Physics 
and the Physical Society. He has acted as English 
language editor of Optica Acta since its inception in 
1954. 


Forest Products Research Laboratory : 
Mr. A. C. Copisarow 


Mr. H. Woorpriasr, deputy director, Stations 
Division, in the Department of Scientific and Indus- 
trial Research, has agreed to withdraw his acceptance 
of the directorship of Forest Products Research (see 
Nature, January 23, p. 212) at the special request of 
the secretary of the Department, because of the 
increasing pressure of work at headquarters of tho 
Department. Mr. A. C. Copisarow, at present scientific 
attaché at Paris, has been appointed director of the 
Forest Products Research Laboratory in succession 
to Dr. F. Y. Henderson, who retires in October. Mr. 
Copisarow graduated in 1942 in the honours school 
of geology at the University of Manchester. He 
served in the Royal Navy, for four years on radar 
duties, and durmg 1946-54 was with the Joint 
Intelhgence Bureau of the Ministry of Defence. He 
has published papers on the colloidal chemistry of 
silica. A: former Council of Europe Research Fellow, 
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he has served at the British Embassy in Paris for 
six years. 


The United States Geological Fae 
. W. H. Bradley 
“Ty appreciation of the work of ae ‘Bill’ Bradley, 
chief geologist of the United States Geological Survey 
during 1944-59, the Americal Journal of Sctence 
has published a ‘Festschrift’ of 38 papers (Amer. J. 
Sct., Bradley Volume, 258A. Pp. 433 + 10 pl; 
1960) ranging over many topics m the Earth sciences. 
Dr. Bradley joined, the U.S. Geological Survey as a 
‘geologic aid’ in 192], and secon became well known 
for his distinguished work on the oil shales and other 
strata of the lacustrine Green River Formation of 
middle Eocene age. These studies were interrupted 
by the War, when he was appomted chief of the 
Military Geology Unit responmble for supplying 
geological information to the American forces ; 
and immediately afterwards he took over the leader- 
ship of the Geologic Division of the U.S. Geological 
Survey, which expanded under his charge from 400 
geologists in 1944 to close on 1,000 in 1955. Recently 
he relinquished these administrative responsibilities 
to return to his initial research work. The volume in 
his honour is a fittmg tribute to many years of good 


management of the largest Boonen organization 
in the Western world. 


Advisory Committee on Poisonous Substances fsed 
In Agriculture and Food Storage 


Sir CHARLES Dopps, Courtauld professor of bio- 
chemistry in the University of London, and director 
of the Courtauld Institute of Biochemistry at the 
Middlesex Hospital, has been appomted chairman 
of the inter-departmental Advisory Committee on 
Poisonous Substances used in Agriculture and Food 
Storage, in succession to Sir Solly Zuckerman. This 
Commuttee was recently reconstituted to include the 
folowmg five members from outside the Government 
service; Prof. J. H. Gaddum, director of the Insti- 
tute of Animal Physiology, Cambridge ; Prof. Andrew 
Wilson, ‘professor of pharmacology, University of 
Liverpool; Dr. J. Hamence, public analyst and 
agricultural analyst; Mr. F. H. Garner, principal of 
the Royal Agricultural College, Cirencester; and 
Prof. A. R. Clapham, professor of botany, University 
of Sheffield. The Committee was appointed in 
March 1954 to keep under review all risks that may 
arise from the use of toxic substances on agricultural 
products and in the storage of food, and to make 
recommendations to the Mimisters concerned. 


National Reference Library of Sclence and Invention 


ANSWHRING a question regarding progress with the 
proposed National Reference Library of Science and 
Invention in the House of Lords on May 31, the 
Minister for Science said it 18 proposed to house this 
Library in a new Patent Office building to be erected 
on the South Bank, London. The terms of a lease 
of the site are now being settled between the Ministry 
of Works and the London County Council, and it 18 
hoped to start building in the spring of 1963 with the 
view of completion by the end of 1965. Lord Hal- 
sham had stated on July 30, 1958, that the Library 
would be bult up and expanded from the existing 
Patent Office Library. He now said that it hag been 
decided that ıt would be in the long-term interest of 
learning and of the completeness of the national 
collections of scientific literature for the National 
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Reference Labrary of Science and Invention to be 
formed as part of the British Museum Library, 
although housed as a separate unit. Scientific 
publications at present m the British Museum Library 
would be meorporated in the new Library. Care 
would be taken to safeguard the interest and conven- 
ience of those who use the present Patent Office 
Library, and they would be represented on an 
, Advisory Commuttee to be set up when the new 
Library is brought into operation. Viscount de 
L’Isle welcomed this decision on behalf of the 
Trustees of the British Museum, and said that it 
would in due course make available to students and 
research workers the existing scientific resources of 
both the Patent Office and of the British Museum 
scientific collections in a compendious way and with 
the minimum of duplication. 


No. 4729 


State Scholarships and Commonwealth Co-operation 


iy the House of Lords on June 1, Lord Tweedsmuir 
asked the Government whether ıt would consider 
permuittmg up to 100 of the 2,000 State scholarships 
annually awarded in Britain to be tenable at Canadian 
or other Commonwealth universities if the recipient 
so elected. Lord Hailsham, replying for the Govern- 
ment, said that the Government would consider the 
matter in the light of the recommendations of the 
Anderson Committe. Asked by Lord Dalton to 
atcelerate consideration of this question m view of 
the opportunities which Canadian and Australian 
universities can offer, Lord Hailsham agreed that it is 
& separate question from most of the contents of the 
Anderson Report, but thought that consultation 
with the Commonwealth Governments would be 
necessary before he could reply. Lord Casey sug- 
gested that the success of the proposal would depend 
on reciprocity between Commonwealth countries 
and the United Kingdom, and that mto this considera- 
tion of cost and of available places would enter. 


Preservation of North Devon Countryside 


AN area of the North Devon countryside about 
66 square mules in extent is to be protected by the 
confirmation by the Minister of Housing and Local 
Government of an order made by the National Parks 
Commission. The area includes the whole of the 
Hartland Peninsula and such places as Clovelly, 
Braunton Burrows, Croyde, Woolacombe and Combe 
Martin, near the western edge of the Exmoor National 
Park. The order, which ıs made by the National 
Parks Commission under the National Parks and 
Access to the Countryside Act, 1949, designates these 
parts of North Devon as “Areas of Outstanding 
Natural ‘Beauty’, not as a National Park. The 
responsibuity for preserving and enhancing the 
natural beauty of the landscape rests with the local 
planning authority, Devon County Council. Govern- 
ment grants can be made at the rate of 75 per cent 
towards the cost of treating derelict land, tree plant- 
ing and preservation, and removing disfigurements. 


Nature Conservation In Africa 


ANSWERING questions about Nature conservation in 
the Colonial territories in the House of Commons on 
June 2, the Secretary of State for the Colonies, Mr. 
Iain Macleod, welcomed the opportunity to reaffirm 
the Government’s concern for wild life in Africa. 
Wild life conservétion measures are, he said, con- 
tinuously under review in the East and Central 
African territories, and in the past decade much has 
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been done to esteblish and consolidate national 
parks and reserves. More use could be made of 
technical knowledge in developing the wild-life 
reserves, and the voluntary co-operation of the ' 
African populations 1s essential. The International 
Union for the Conservation of Nature, in consultation 
with other international agencies, 1s exploring the 
possibility of convening next year in Africa a con- 
ference on conservation. Mr. Macleod said that ma 
few weeks he would be able to study a detailed report 
by Dr. E. B. Worthington on his recent visit to 
Africa, and the need for further help. 


Journal of Child Psychology and Psychiatry 


A NEW journal which will be generally welcomed 
has been issued by the Association of Child Psychology 
and Psychiatry. It is the Journal of Child Psychology 
and Psychiatry and Alhed Discrplines, and is published 
under & distinguished editorial board of mternational 
authorities. The joint editors consist of a research 
psychologist, psychiatric social worker and a well- 
known physician in child-psychiatry, Dr. Emanuel 
Miller, whilo the corresponding editors are Prof. 
Milton Senn, Department of Pediatrics, Yale Unver- 
sity, and P. H. Mursen, Department of Psychology, 
University of California. The Journal is attractively 
produced and the first issue (Vol. 1, No. 1 (January 
1960). Pp. 98. Published quarterly. Subscription 
rates: To members of the Association of Child 
Psychology and Psychiatry 63s. per annum, melusive 
of membership. To private mdividuals 105s. (15 
dollars) per annum. To libraries and institutions 
140s. (20 dollars) per volume. London and New 
York: Pergamon. Press, 1960) contams articles which 
are refreshingly free from the jargon so beloved by 
students of human behaviour. The standard is set 
in. the first article by Dr. Miller, who traces the origins 
of child-psychiatry, while Prof. Leo. Karner (Johns 
Hopkins University) shows that behaviour symptoms 
do not always indicate psychopathology ; the clarity 
and brevity of his writing has much to commend 
itgelf to hig fellow-American psychiatrists. Other 
articles deal with the effects of early deprivation and 
separation on children, manic-depressive psychosis in 
childhood, a gap in the structure of general psychology 
and & description of the training provided in child- 
psychotherapy at the Tavistock Clinic. Provided 
that the new journal can maintain this standard and 
keep itself free from psychiatric expertize, it could 
prove as useful to teachers and intelligent parents 
as to the professional child-psychiatrist and psycho- 
logist for whom it is intended. 


Pavlov journal of Higher Nervous Activity 


Tus journal has been added to the list of Russian 
journals which are being published in English trans- 
lation. By arrangement with the Soviet authorities, 
‘rush’ copies of the original journal and its illustra- 
tions are to be made available, so that the delay in 
publication of the translation can be made as short 
as possible. The first issue of the 1959 volume con- 
tains 18 original communications, together with a 
short review of work carried out in the United States 
of America during the years 1954—57 on conditioned 
refloxes in animals. There is an obituary of the 
eminent Russian physiologist, L. A. Orbeli (Vol. 9, 
No. 1. ‘Translated from the Russian. Pp. 140. 
Published bi-monthly. Approximately 1,000 pages 
per volume. Annual subscription 210s.; 30 dollars. 
London and New York: Pergamon Press, 1960). 
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Medical and Biological Compilation 


THE second edition of “Current Indexing and 
Abstracting Periodicals in the Medical and Biological 
Sciences” attempts to provide an annotated list of 
all the most important indexing and abstracting 
periodicals in medicine and the allied sciences 
published currently throughout the world, and the 
number of titles has been increased from 142 in the 
first (1953) edition to 310 (World Health Organization. 
Library News, Vol. 12, Supplement 2. Pp. 86. 
Geneva: World Health Organization, 1959). In 
general annual publications containing review articles 
are excluded, but the yearbook series, containing the 
abstracts, are included. Periodicals are listed alpha- 
betically by title, with the name and address of the 
publisher and/or responsible organization, first year 
of publication, current subscription price, year and 
volume number of the first volume in the World 
Health Organization holding, frequency of publica- 
tion, number of periodicals regularly scrutinized and 
of abstracts or title entries published annually. 


Transvaal Museum 


Tas active museum publishes both a Bulletin and 
Annals. The former for January 1960, No. 4, includes 
some notes on Mammal specimens a8 museum material 
and the collecting expedition of Colonel Jack Scott 
to Somalia. A short article also describes the bird- 
life at Sandwich Harbour. The April issue of the 
Annals (14, Part 1; 1960) contains an important 
key to the genera of South African freshwater and 
estuarine gastropods, observations on the locomotion 
of the South African adder, Bitis peringueyi, and on the 
early post-natal development of multi-mammate mice. 
The dibatag, Ammodorcas clarket, is also dealt with in 
an important illustrated paper by Mr. J. Meester. 


Psychlatric Services and Architecture 


A BOOKLET published by the World Health Organ- 
ization attempts an analysis, not only of the planning 
and management of psychiatric hospitals, but also of 
the structure and function of other psychiatric ser- 
vices such as ouc-patients’ departments, psychiatric 
wards in general hospitals, rehabilitation facilities, 
and other mental health services (Public Health 
Papers, No. 1: Psychiatric Services and Architecture. 
By A. Baker, R. Liewelyn Davies and P. Sivadon. 
Pp. 59. Geneva: World Health Organization ; 
London: H.M. Stationery Office, 1959. 2 Swiss 
francs; 38. 6d.). It ıs the joint work of two psy- 
chiairists and an architect who has specialized in 
hogpitel architecture, but it also takes account of 
the comments and suggestions of twenty-nine other 
psychiatrists and four architects from other coun- 
tries. It repreeents an international approach to the 
problem of how psychiatric services can best be 
organized in the interests of the patients and be given 
suitable architectural expression. The types of 
buildings proposed are very different from the 
gloomy, prison-like mansions which until recently 
were regarded in many parts of the world as the only 
appropriate places in which to incarcerate mental 
patients ; the approach to the patient is based upon 
the desire to roe-integrate him into society with all 
possible speed, and to provide him with surroundings 
that will contribute to that end. 


Roe Deer 


Two of Britain’s native deer, the red and the roe, 
have been known to inhabit the country since pre- 
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historic times. The roe is now more widely distributed 
in England than the red, but, in Scotland, the red deer 
is the more widespread species. There are few, if any, 
in Wales, and none in Ireland. Because there are no 
predatory animals to keep these deer in reasonable 
numbers, the burden of doing this rests on the 
owners of the land on which they live. As the planted 
forests grow taller the problem of control will increase, 
and it is important that game-keepers and foresters 
should be familiar with their habits. To help them, 
the Forestry Commission has produced smother of 
its attractive illustrated booklets, on the roe deer, 
which would be equally useful for natural history 
lessons in schools (Leaflet No. 45: The Roe Deer. 
Pp. 16. (London: H.M. Stationery Office, 1960.) 
1s. 6d. net). It describes not only methods of control 
but also how these attractive animals may be stalked, 
the terms of venery, the calls of the roe, and, not least 
attractive, a suggested method of cooking roast 
haunch of roe. 


A New British Transistorized Computer 


THROUGH the joint enterprise of the General Elec- 
trio Company and International Computers and 
Tabulators, Ltd., 149 Park Lane, London, W.1, & 
new, fully transistorized, automatic digital computer, 
the 1801, has been produced. This machine has 
characteristics which place it in the front rank of the 
large British computers which are available ae tife 
present time. It has storage, both on magnetic cores 
and. on drums, the former in unite of 400 words; the 
latter in units of 12,000 words ; magnetic tape trans- 
ports and a high-speed line-at-a-time printer are also 
available. The arithmetical speeds of the machine 
are such that addition and like operations take about 
25 usec., and multiplication about eight times as 
much. These fast operating speeds are achieved with 
the remarkably low pulse-operating time of 1 Mc./s. ; 
this is apparently due to the unusual feature of the 
machine, namely, that it operates in serio-parallel 
decimal cede, each decimal digit being represented 
by signals on four lines in parallel and each computer 
word consisting of twelve decimal digits. Probably 
the most surprising feature of the machine is its low 
power consumption, which the makers state to be 
only 4 kW. In common with most recently produced. 
machines, a comprehensive range of sub-routines and 
automatic programming facilities is also available. 
Because it is built with magnetic tepe as a standard 
and planned-for ancillary, this machine is more 
attractive than many of the British machines of the 
immediate past, in which the later addition of mag- 
netic tape has only been achieved by considerable 
alterations. ® 


Rock Pressure and Earthquakes 


WHEREAS the virgin pressure of the fluids in rock 
formations at depth can be measured readily, the 
pressure in the solid rock itself could not, until 
recently, be measured directly. In practical problems 
concerned with mining and deep drilling it has been 
customary to assume that the pressure is satis- 
factorily defined by the woight of overburden. A 
method of direct measurement has been developed in 
Sweden which shows that this assumption is too 
simple. The method and results are described by 
Nils Hast in a recent issue of Sveriges Geologiska 
Undersdkning (Ser. C, No. 560: The Measurement of 
Rock Pressure in Mines. By Nils Hast. Pp. 183. 
Stockholm: Sveriges Geologiska Undersdkning, 1958). 
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The principle is to pre-stress a amall stress-measuring 
cell situated in a hole drilled some distance into the 
rock, and then to cut away a portion of the sur- 
rounding rock by drilling an annular hole co-axial 
with and enclosing the first. The stress in the core 
of rock containing the cell is thus removed, and the 
difference between the original and final load measured. 
by the cell gives the absolute value of the stress 
acting in the rock at the measuring point. The cell 
measures stress in one direction only ; by using three 
boreholes the stress ellipsoid may be determined. 

This method was first tried in 1951 in the Granges- 
berg iron mines, and has since been improved and 
applied to other mmes. It has been found to be of 
great value in investigating the stability of roofs, 
walls and pillars, and the use of block caving ag an 
efficient means of ore extraction. Besides their 
immediate practical value, however, the measure- 
ments promise to throw new light on the dynamics 
of the ’s crust. In all cases where rock pressures 
have been measured in Sweden there has been found 
& pronounced excess of the horizontal component, 
usually 1-5-3-5 times the amount accounted for by 
the weight of overburden. These large horizontal 
stresses are ascribed by Hast to secular movements 
in the crust. Since many earthquakes are believed 
to be due to the sudden failure of parts of the crust 
following a steady aecumulation of stress, it is further 
suggested that periodic measurements of rock pres- 
sure in earthquake regions might disclose the stage 
reached in the preliminary build-up, leading to the 
possibility of earthquake prediction. 


The Wellcome Trust: Grant to the Massachusetts 
General Hospital, Boston 


THe Wellcome Trustees have made a grant of 
£50,000 to the Massachusetts General Hospital, 
Boston, for the establishment of a Henry §. Welleome 
research chair in medical science. The professor will 
be chosen by a special committee of the Massachusetts 
General Hospital, Harvard University, sand the 
Massachugatts Institute of Technology, from a number 
of workers who have already achieved a high scientific 
reputation for their researches. The appointment 
will be made for ten years. This is the largest single 
grant to be made by the Wellcome Trustees to a 
medical research centre in the United States. In 
1956 they made & grant of nearly £25,000 to the 
University of Pennsylvania to provide a Wellcome 
associate research professorship of anesthesiology for 
five years, and earlier in the present year they made 
a grant of £15,000 to construct a laboratory for 
cardiovascular research within the Department of 
Medicine at Johns Hopkins Hospital, Baltimore. 


The Waverley Gold Medal Competition 


THe Scientific Advisory Board of Research has 
decided to continue the Waverley Gold Medal essay 
competition, and this year will be the eighth year in 
succession. in which it is offered. The Waverley Gold 
Medal, named after the late Lord Waverley, together 
with £100 will be awarded for the best essay of about 
3,000 words describing a new scientific project or 
practical development, giving an outline of the back- 
ground, the experimental results and the potential 
application of the project or process in industry. A 
second prize of £50 will be awarded, and also a special 
prize of £50 for the best entry from a competitor 
under the age of thirty on Jaly 31. Further informa- 
tion can be obtained from the Editor of Research, 
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4/5 Bell Yard, London, W.C.2. The last date of. 
entry is July 31. 


Teratology Society 


FoLLow1ne the fourth Teratology Conference, which 
was held at the Memorial Sloan-Kettering Cancer 
Center in New York City and attended by 76 scientists 
from Canada, England, France, Germany and the 
United States, the Teratology Society was formed. 
One of the main purposes of the Society is to hold 
regular meetings at which investigations concerned 
with etiology and morphogenesis of congenital 
malformation can be presented and discussed. The 
following officers were elected: President, Dr. Josef 
Warkany (Cincinnati) ; President-elect, Dr. James Q. 
Wilson (Gainesville); Seoretary-Treasurer, Dr. Mar- 
jorie M. Nelson (San Francisco) ; Recorder, Dr. Sidney 
Q. Cohlan (New York); Counctl, Dr. F. Clarke Fraser 
(Montreal), Dr. David L. Gunberg (Portland) and 
Dr. M. Lois Murphy (New York). The National 
Foundation assisted in the formation of the Society 
with advice and financial aid. Further information 
concerning the society can be obtained from Dr. 
Marjorie M. Nelson, Department of Anatomy, School of 
Medicine, University of California, San Francisco, 32, 


The Agricultural Society of India 


Tax following have been elected members of the 
new Executive Council for 1960 of the Agricultural 
Society of India: President, Dr. J. N. Mukherjee ; 
Vice-president, Sri Bimal Chandra Sinha; Kdor, 
Dr. P. K. Sen; Secretary-ireasurer, Sri. R. M. Datta ; 
Other members, Dr. N. R. Dhar, Dr. J. C. Sen Gupta, 
Dr. B. C. Kundu, Dr. H. K. Nandi, Dr. M. C. Das, ` 
Dr. 8. K. Mukherjee, Dr. T. M. Das, Dr. U. N. Chatter- 
jee, Dr. D. N. Roy Choudhury, Sri R. 8. Roy, Sri 
T. K. Bose. 


University News : Birmingham | 


De. S. ManpnristaM, assistant research physicist, 
Department of Physics, University of California, has 
been appointed to the newly established chair of 
mathematical physics within the Department of - 
Mathematical Physics from October 1. The following 
lectureships are also announced: Dr. R. W. Whit- 
worth (physics), Dr. A. B. Robbins (physics), Dr. J. R. 
Majer (chemistry), Dr. E. H. Creaser (senior lecturer 
in microbiology), Dr. F. W. J. Teale (biochemistry), 
and Dr. D. G. Walker (biochemistry). Research 
fellowships are as follows: A. M. Hoare (pure mathe- 
matics), J. S. Lilley (nuclear physics), B. Cockayne 
(William Gibbins Research Fellow in the Department 
of Physical Metallurgy) and E. N. Corlett, senior 
Research Fellow in the Department of Engineering 
Production). 


Bristol 


APPOINTMENTS to lectureships are as follows: Dr. 
P. G. Drazin (mathematics), Dr. A. E. Scott (chem- 
istry), Mr. J. K. Whitaker (mathematical economics). 
Mr. K. F. H. Murrell has been appointed a Research 
Fellow in the Department of Psychology. Dr. D. H. 
Perkins has been elected reader in physics. 


Durham 


Tas following appointments to lectureships are 
announced: Dr. O. E. W. B. Kurth (senior lecturer 
in mathematios), Mr. D. J. Bellamy (botany), Dr. 
R. D. Chambers (chemistry), Dr. D. P. Hendry 
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(psychology), Dr. D. M. Hirst (geochemistry), Dr. 
M. J. Morant (applied physics). 
London 


Dr. W. KrYNE, reader in biochemistry at the 
Postgraduate Medical School of London, has been 
appointed to the University chair of chemistry 
tenable at Westfield College; and Dr. R. E. O, 
Wiliams, deputy director of the Central Public 
Health Laboratory, Colmdale, has been appomted to 
the University char of bacteriology tenable at St. 
Mary’s Hospital Medical School. Appoimtments to 
readerghips are as follows: Dr. J. H. Green (physio- 
logy), tenable at Middlesex Hospital Medical School ; 
Dr. H. J. J. Blackwood (oral anatomy) at the Royal 
Dental Hospital of London School of Dental Surgery ; 
J.C. de C. Henderson (remforced concrete structures), 
tenable at the Imperial College of Science and Tech- 
nology; A. J. Buller (physiology), tenable at King’s 
College). 


The Night Sky in July 

FuLL moon occurs on July 8d. 19h. 37m. U.T., and 
new moon on July 23d. 18h. 3lm. The following 
conjunctions with the Moon take place: July 7d. 
12h., Jupiter 6° 8.; July 8d. 18b., Saturn 4° 8.; 
July 17d. 1Th., Mars 3° N.; July 19d. 10h., Alde- 
baran 0-4° 8. Mercury and Venus are too close to 
the Sun for observation. Mars rises at Oh. 30m., 
Oh. 00m. and 23h. 25m. at the beginning, middle and 
end of the month, respectively ; 1ts stellar magnitude 
is +0-:9 and 1te distance from the Earth on July 15 
is 137 million miles. Mars is now prominent m the 
eastern sky before sunrise. Jupiter sets at 3h. 05m., 
2h. 06m. and Oh. 55m. on July 1, 15 and 31, respec- 
tively. It is near the boundary between Sagittarius 
and Ophiuchus, its stellar magnitude is —2-] 
and its distance from the Earth in the middle of the 
month is 400 million miles. Saturn 1s also in Sagit- 
tarius, setting shortly after sunrise at the beginning 
of the month, and at 3h. 30m. and 2h. 20m. on July 
15 and 31, respectively. Its stellar magnitude 1s 
+0°3, and it is in opposition on July 7, when its 
distance from the Earth is 840 million miles. Occulta- 
tions of stars brighter than magnitude 6 are as 
follows, observations bemg made at Greenwich: 
July 3d. 21b. 44°0m., x Vir. (D); July 19d. 10h. 
20-3m., Aldebaran (D); July 19d. llh. 34-lm., 
Aldebaran (R). D and R denote disappearance and 
reappearance, respectively. The Earth 1s at aphelion, 
on July 2, its ce from the Sun being 94-6 
million miles. 
Announcements 

Tes Council of the National Institute of Industrial 
Psychology has awarded 'the Vernon Prize for 1960 
to Dr. R. B. Buzzard of the Industrial Psychology 
Research Group of the Medical Research Council. 
Dr. Buzzard has been engaged for ten years in 
research into attendance and absence from work, 
and has made an exceptional contribution to know- 
ledge in this difficult field. 


Taw Department of Mathematics and Natural 
Science of the Bavarian Academy of Science, Munich, 
in celebration of its two hundredth Jubilee, is offering 
a prize of 8,000 D.M. for the best essay on “Die 
Rickkoppelung als Urprinzip der Lebensvorgiinge’’. 
The competition 1s open to persons with a doctorate 
or other recognized qualifications. The essay is to be 
written in the German language and presented by 
August 1, 1961. Further information can be obtained 
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from Prof. R. Sauer, Bayerische Akademie der 
Wissenschaften, Munchen 22, Marstell-Platz 8. 

THE eleventh International Congress of Entomo- 
logy is to be held in Vienna durmg August 17—25. 
Further information can be obtamed from Dr. Max 
Beier, General Secretary, P.A. Natural History 
Museum, Vienna 1, Burgring 7. 

Tas annual conference of the Institute of Sewage 
Purification will be held at Scarborough, during June 
21-24. Further mformation can be obtained from 
the Secretary of the Institute at Maple Lodge, Maple 
Cross, Rickmansworth, Herts. 

Tue Photoelectric Spectrometry Group is organ- 
izing a meeting on “Spectrofluorimetry” at the 
Inorganic Chemistry Department, South Parks Road, 
Oxford, on July 8. Further information can be 
obtamed from K. A. Macdonald, Unicam Instruments, 
Ltd., Arbury Works, Cambridge. 

Tan Danish Atomic Energy Commission is organ- 
izing an international summer course on ‘Plasma 
Physics” at its Research Establishment, Riso, during 
August 1-12. Further mformation can be obtamed 
from the Danish Atomic Energy Commussion, Research 
Establishment, Riso, Roskilde. 

THe tenth General Assembly and nineteenth Inter- 
national Congress of the International Geographical 
Union are to be held m Stockkolm durmg August 
6-13. Further information can be obtained from the 
Assistant Secretary of the Geographical Association, 
Park Branch Library, Duke Street, Sheffield 2. 

A JOINT meeting of the Challenger Society and 
representatives from the Marine Laboratories (De- 
velopment Commissioners’ Scheme) has been con- 
vened at the Zoological Laboratory, Downing Street, 
Cambridge, during June 23-24. Further mformation 
can be obtained from Dr, R. Bainbridge, Zoological 
Laboratory, Downing Street, Cambridge. 

THe third Australasian Conference on ‘“‘Radiation 
Biology” is to be held at the University of Sydney 
during August 16-18. Further information can be 
obtained from Dr. Peter Ilbery, Department of 
Preventive Medicme, University of Sydney, N.S.W. 

THe eighth International Symposium on ‘“Com- 
bustion’’ is to be held at the California Institute of 
Technology, Pasadena, during August 29-September 
2. Further mformation can be obtained from the 
Office of Industrial Associates, California Institute of 
Technology, Pasadena, California. 

THE twenty-first International Geological Congress 
will be held in Copenhagen at the Mineralogical— 
Geological Museum of the Univermty during August 
15-25. The Congress is bemg organized jointly by 
Denmark, Finland, Iceland, Norway and* Sweden. 
Further information can be obtained from the 
General Secretary, International Geological Congress, 
Mineralogisk Museum, Oster Voldgade, Copenhagen K. 

THs tenth annual meeting of holders of Nobel Prizes 
will be held in Lindau during July 4-8. Among 
those present who are to speak are Prof. H. A. Krebs 
(Oxford), Prof. F. Sanger (Cambridge), Prof. G. 
Domack (Wuppertal-Elberfeld), Prof. C. He 
(Ghent), Prof. W. P. Murphy (Brookline), Prof. A. 
Butenandt (Munich), Prof. R. Kuhn (Heidelberg), 
Prof. A. I. Virtanen (Helsinki), Prof. H. Dam (Copen- 
hagen), Prof. W. R. Hess (Zurich), Prof. Hans von 
Euler-Chelpin (Stockholm), Prof. QG. von Hevesy (Stock- 
holm) and Dr. P. H. Müller (Basle). Further informa- 
tion can be obtained from the Sekretariat der Tagungen 
der Nobelpreistrager, Lindau (B), Postfach 11. 
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MINOR ELEMENTS IN NUTRITION 


HE 132nd meeting of the Nutrition Society (58th 

of the Scottish Group) was held in the Hannah 
Dairy Research Institute, Kirkhill, Ayr, on April 
30. It took the form of a symposium on ‘‘Minor 
Elements in Nutrition”. 

In his introductory remarks the chairman, Dr. 
D. P. Cuthbertson (Rowett Research Institute, Aber- 
deen), observed that during the past thirty years & 
steadily increasing number of mineral elements had 
been found as permanent constituents of plant and 
animal tissues. The biological functions of mineral 
elements present in relatively large amounts, the 
80-called ‘major elements’, were well defined, but the 
role of many of the minor elements in tissues was still, 
as yet, unknown. This might arise partly from the 
technical difficulties associated with estimating trace 
amounts of such elements; but with the increased 
use of modern techniques it is expected that some at 
least of these minor elements with an unknown, func- 
tion will be found to have an essential physiological 
role in the tissues. 

e Epr the purposes of this symposium, a minor 
element was defined as a metal generally belongi 
to the transitional group of the Periodic Table (iodine, 
fluorine and selenium being exceptions) which is 
present in the organism in concentrations of not more 
than 1 in 20,000, or 50 p.p.m., and serves therein an 
essential function as an oxygen carrier or in some 
enzyme system, hormone or vitamin. 

The first paper, on “Trace Elements in Scottish 
Soils”, was given by Dr. R. L. Mitchell (Macaulay 
Institute for Soil Research, Aberdeen). Dr. Mitchell 
pointed out that the realization of the importance of 
trace elements in animal nutrition had led to a re- 
quirement for maps or other means of ascertaining 
the probable trace element status of the soils of any 
locality. In contrast to regions with extensive areas 
of soils derived from uniform parent material such 
as the great continental plains, where the trace 
element status of the soil can often be related directly 
to pedological factors and can be readily mapped on 
small-scale maps, conditions in Scotland are much 
more complex and such generalization is impossible. 

Scotland is an area of complex geology in which the 
parent rocks contain highly variable amounts of the 
biologically important trace elements, and several 
periods of glaciation have produced surface drift 
which firther complicates the picture. 

Dr. Mitchell then discussed the distribution of trace 
elements in soils and goil parent materials. Trace 
elements are located in major rock-forming minerals 
es & result of substitution for major elements of 
similar ionic radius in the crystal lattice. Elements 
of biological importance such as cobalt and copper 
tend to be concentrated in argillaceous sediments 
slong with molybdenum and selenium. Sandstones 
and derived sandy soils often have low trace-element 
contents. The trace-element content of soils can be 
predicted from the parent material. Unlike the 
concentrations of major minerals, those of minor 
minerals can differ widely by æ hundred or even a 
thousand times from goil to soil. A semiquantitative 
estimate of trace-mineral content or even the nature 
of the parent material will usually suffice for an 


assessment of soil status. The availability of trace 
elements is influenced by rate of weathermg of goil 
minerals and pedological factors affecting the rate of 
weathering. 

Uptake of available minerals by the plant is affected 
by agricultural practices such as liming, which alters 
the soil pH, and drainage. Under Scottish conditions 
drainage is the factor most influencing the mobiliza- 
tion of trace elements. With poor drainage there is 
& larger soil concentration of trace elements, and 
herbage contents of more than 10 p.p.m. molybdenum 
have been recorded under such conditions. Certain 
areas of Aberdeenshire are almost completely infer- 
tile owing to poor drainage and the accumulation of 
excessive quantities of extractable nickel in the 
soil. 

Trace-element uptake by animals on herbage is 
related not only to soil factors such as those mentioned 
above but also to seasonal changes in plant composi- 
tion, variation in the relative amounts of different 
species in the sward throughout the season, stage of 
maturity of the crop and climatic factors affecting 
growth. 

In the second paper, Dr. E. C. Owen of the Hannah 
Dairy Research Institute, Ayr, discussed the ‘‘Bio- 
chemical Function of Some of the Minor Elements”. 
Dr. Owen confined his remarks to cobalt, zinc, 
vanadium and manganese. As an essential part of 
vitamin. B,,, cobalt 1s essential for non-ruminants to 
prevent ansmie and to ensure optimal growth on 
food of vegetable origin. Vitamin B,, can be syn- 
thesized by ruminants providing they are supplied 
with sufficient dietary cobalt. In addition, both 
ruminants and non-ruminants probably need cobalt 
in ionic form for the activity of a number of enzymes. 
After describing typical symptoms of cobalt deficiency 
in animals, Dr. Owen pointed out that people eating 
only food of vegetable origin run a special hazard 
in re to vitamin B,, deficiency in that a high 
intake of folic acid from greenstuff raises the require- 
ment for vitamin B,,. The distribution of vitamin 
B,, in Nature is consistent with a general belief that 
only bacteria can synthesize it from cobalt salts. 

Zinc ig & constituent of the carbonic anhydrage of 
bovine erythrocytes and certain organs of the body 
and of plant tissues. Carbonic anhydrase is inhibited 
by sulphonamide, but apparently not through the 
zinc ofits molecule. Studies on the skin disease of pigs 
called parakeratosis show that high dietary calcium 
egeravates the condition probably by causing a more 
rapid turnover of zinc and thus raising the require- 
ment. It is claimed that the effects of excess calcium 
can be nullified by adding citric or acetic acids to the 
ration. 

Jt is of interest that pigs suffering from parakerato- 
sis show more variable alkaline phosphatase activity 
than, control pigs and that zime has been suggested as 
a specific activator of alkaline phosphatase. Other 
enzyme systems associated with zino are alcohol 
dehydrogenase of yeast and equine liver, glutamic 
dehydrogenase of bovine liver and lactic dehydro- 
genase of rabbit skeletal muscle. Dr. Owen thought 
that the turnover of zinc may be of more importance 
than the actual concentration in tissues. 
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In the third paper, Dr. O. F. Mills (Rowett Research 
Institute, Aberdeen) described ‘‘Comparative Studies 
of Copper, Molybdenum and Sulphur Metabolism in 
the Ruminant and the Rat”. Dr. Mills pointed out 
that elevated levels of molybdenum and sulphate in 
the diet of the sheep gave rise to depletion of copper 
stores and the appearance of symptoms of copper 
deficiency. The mechanism of action of molybdenum 
and sulphate under these conditions is unknown. 
Studies with the rat have shown that high dietary 
molybdenum contents lead to reduced growth-rate, 
failure of hæmoglobin synthesis, and production of 
skeletal abnormalities. That this indicated an 
interference with normal copper metabolism was 
shown by ing dietary copper levels and thus 
preventing the deleterious effects. It has further been 
shown that high dietary levels of molybdenum cause 
accumulation of copper in the liver of the rat. This 
is in marked contrast to the experience with sheep, 
where a depletion of tissue copper reserves usually 
occur. 

Excess dietary sulphate also has a contrasting 
effect when fed in high-molybdenum/low-copper 
diete. In sheep, increase in dietary sulphate pro- 
cipitates a rapid decline in liver copper levels, but in 
the rat it prevents the abnormal accumulation of 
copper in the liver and improves the growth-rate, 
hæmoglobin development and skeletal development. 
In both rat and sheep, adding sulphate to the diet led 
to an increased output of urinary molybdenum and a 
fall in tissue molybdenum levels. 

These marked species differences led to an investi- 
gation of the fate of sulphate in the digestive tract. 
In the ruminant, sulphide is formed rapidly by micro- 
organisms, and experiments on feeding molybdenum, 
sulphide and copper to rats in semi-synthetic diets 
were carried out. It was found that the sulphide 
oxidizing system of the rat liver was markedly 
depressed by feeding molybdate. This suggested 
that the detoxication of sulphide may be restricted in 
tissues high in molybdenum. 

Among other enzyme systems found to be 
influenced by high dietary levels of molybdenum 
are alkaline phosphatase and liver cytochrome 
oxidase. In connexion with the latter, it is 
interesting to note that liver cytochrome oxidase 
activity may be drastically reduced in the copper- 
deficiont rat. 

Compsrable work is in progress feeding sheep on 
diets enriched with molybdenum and sulphate. It 
would appear that the presence of molybdenum in- 
creages the rate of reduction of sulphate to sulphide 
in the rumen. The presence of molybdenum and 
sulphate depressed the content of soluble copper in the 
rumen and abomasum. These results might indicate 
the formation of insoluble copper sulphide, a poor 
source of copper for sheep. 

However, the true significance of the increased 
sulphide levels in the rumen of sheep following inges- 
tion of molybdenum, in relation to changes in soluble 
copper concentration, are not yet clear, and in 
current work to study this aspect the possibility 
of more extensive effects of molybdenum on 
sulphur metabolism in the digestive tract is being 
considered. 

In his paper on ‘Selenium in Animal Health’, 
Mr. G. A. M. Sharman (Veterinary Investigation 
Service, North of Scotland College of Agriculture, 
Aberdeen) observed that selenium was a relatively 
scarce element which was hard to estimate chemically. 
The lowest soil concentrations are expected in light 
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soils derived from Old Red Sandstone, carboniferous 
sandstone rocks or certain granites. Concentrations 
of 0-05 p.p.m. or less might be expected in such 
soils and might well give rise to deficiency states in 
grazing animals. Relatively higher values are found 
in sedimentary rocks, certain shales having values as 
large as 0-25-1-2 p.p.m. There are certam areas in 
western Canada and the United States, Mexico, 
Colombia, Ireland, Israel and Australia where soils 
containing even higher contents of selenium are to be 
found, and because the vegetation is high in selenium 
there is a problem of toxicity among grazing animals. 
On, such seleniferous soils plants absorb very little or 
a great doal of selenium from the soil depending on the 
species. Some plant species contain as much as a 
thousand times more selenium on the dry basis than 
the soil on which it was grown. 

Selenium is the only element known to be absorbed 
by plants in sufficient amount to cause death from 
acute poisoning when eaten. For farm animals, dietary 
concentrations above 10 p.p.m. would appear to be 
lethal and for chicks a level of 1 p.p.m. produced 
definite changes in blood constituents. Ingestion of 
sub-lethal amounts of selenium for long periods 
leads to its accumulation in hair and hide. Chemical 
estimation in hair is therefore a guide to selenium 
status. Cattle from seleniferous areas had hair with 
selenium content ranging frome10 to 26 p.p.m. 
compared with the normal 1-4 p.p.m. e. > 

It has been shown recently that in rats, chicks and 
certain farm animals, symptoms of vitamin E 
deficiency may be alleviated by feeding traces of 
selenium, and in some cases selenium appears to 
be essential. New York workers have shown that 
rations containing 1-1 p.p.m. selenium fed to pregnant 
ewes prevented white muscle disease in lambs, whero- 
as rations containing 0:01-0:08 p.p.m. did not. 
Similar experiences have been reported from else- 
where. 

Enzootic muscular dystrophy in calves in the north 
of Scotland was cured by daily dosing with 0-25 
mgm. selenium as selenate, or by weekly dosing with 
200 mgm. «-tocopherol. 

Mr. Sharman emphasized that selenium should 
not be added to commercial mineral mixtures for 
farm animals because of the small margin of safety 
between essential and toxic levels. 

In the final paper, on “Adventitious Metals in 
Processed Foods”, Miss E. M. Chatt (British Food 
Industries Research Agsociation, Leatherhead, Sur- 
rey) directed attention to the rapid advances in 
food production, processing and technology which 
had taken place this century. She pointed out that 
increased production of flesh foods led to increaged 
production of crops, giving rise to in hazard. 
from pests, which had to controlled by chemical 
sprays or dusting. Some of these methods of chemical 
control give rise to contamination with toxic metals 
which can persist and be carried over into the finished 
product. Adventitious metals may be present there- 
fore in many raw materials before they arrive at a 
factory for processing, and in the factory further 
contamination is liable to occur. In the case of 
canned foods, contamination also occurs by absorp- 
tion of tin and iron during storage. 

In drawing up recommendations for limits of traces 
of metals in foods the Food Standards Committee 
of the Ministry of Agriculture, Fisheries and Food is 
guided by what is judged to be good commercial 
practice. All paint in factories should be lead-free 
and of the rust-resisting variety. _ Condensation 
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should be avoided by suitable factory design. Equip- 
ment should preferably be made from metals not 
readily subject to abrasion, such as stainless steel. 
Miss Chatt gave many examples of ways of avoiding 
contamination, including methods of inspection and 
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the manufacture and lacquering of cans, and also 
gave a comprehensive list of the commoner metallic 
contaminants sometimes encountered in foods-— 
arsenic, lead, copper, zine, iron, nickel, mercury and 
antimony. J. Davipson 


NITROGEN IN TROPICAL AGRICULTURE 


SYMPOSIUM on nitrogen in tropical agriculture 

was held in Brisbane during February 23—24. It 
was organized by the Commonwealth Scientific and 
Industrial Research Organization at the Cunningham 
Laboratory, the headquarters of the Division of 
Tropical Pastures. Although the majority of the 
papers were by officers of the Organization, several 
other organizations concerned with research in 
agricultural and pastoral industries in tropical 
Australa also contributed. 

In his foreword to the conference proceedings, Dr. 
J. G. Davies (chief of the Division of Tropical 
Pastures) described the objective of the symposium 
as “to review existing information on the role of 
_ nitrogen in the agriculture of the tropics and sub- 
tropics, with emphasis on those aspects which are 
relevant to the problems of northern Australia and 
Quegnsland in particular”. 

The symposium was highly successful on two 
counts: it brought together under ready reference a 
number of reviews on topics of the utmost importance 
to the future development of tropical agriculture, 
and equally significant, the papers and discussions 
demonstrated many serious gaps in information on 
the role of nitrogen in the tropics and showed where 
further research is required. 

Four papers in Session 1 (general problems of 
nitrogen economy) dealt with the processes by which 
nitrogen is gained and lost by the soil/plant system 
and with the nitrogen economics of nattral plant 
communities and the grazing ruminant anima]. D. O. 
Norris and E. F. Henzell, who considered the pro- 
cesses by which nitrogen is added to the soil/plant 
system, emphasized the widespread nature and 
importance of nitrogen deficiency in limiting 
and crop production in the tropics and concluded 
that, despite the difficulty of estimating the efficiency 
of fixation, there was evidence that tropical legumes, 
under favourable conditions, were equal if not 
superior to temperate legumes as nitrogen fixers. 
A. E. Martin and G. W. Skyring dealt with losses of 
nitrogen from the soil/plant system, listing leaching, 
crops, esosion, fire and volatilization as factors 
involved. They considered that some of the losses 
due to leaching, and most of the losses of gaseous 
nitrogen, reported in the literature, were ox ted, 
and suggested that the standard analytical techniques 
were likely to give lower gains and higher losses of 
nitrogen than were, in faot, experienced. J. E. 
Coaldrake emphasized the much slower turnover of 
nitrogen in natural communities compared with 
pastures, and joined with Norris and Henzell in 
pointing out that important accretions of nitrogen 
came from non-legumes. In reviewing the nitrogen 
intake and excretion of grazing animals, I. W. 
McDonald discussed the varied requirements of 
different classes of ruminant animal, stressing that 
they retained, on average, only 15 per cent of ingested 
nitrogen. Discussion topics included the possible 


importance of free-living nitrogen-fixing organisms in 
the nitrogen. economy of the tropics and the need to 
ascertain the nitrogen requirements of ruminant 
animals in tropical environments. 

Session 2 (soil nitrogen) consisted of three papers 
on nitrogen status and ni transformations in 
sol. G. D. Hubble and A. E. Martin described the 
nitrogen status of Queensland soils and noted similar 
modal nitrogen contents in soils from northern, and 
southern Australia (both of which were less than for 
East African soils); it was apparent that the total 
nitrogen of surface soila in Queensland was more 
highly correlated with total phosphate than with 
annual rainfall. G. W. Skyring and Barbara J. Carey 
described the microbial species involved in nitrifica- 
tion and denitrification, their physiology and bio- 
chemistry and techniques of isolating and culturing 
them. Although denitrification occurred in apparently 
well-aerated soil, no denitrification was detectable in 
cultures containing measurable quantities of oxygen. 
Nitrogen transformations in soil were considered by 
A. E. Martin, who referred to recent tracer work with 
nitrogen-18 in the United States and Sweden which 
had shown that mineralization and immobilization of 
nitrogen were simultaneous processes; only net 
effects had hitherto been measured. He noted that, 
while ammonia was important, nitrate was not 
necessary to the microbial cycle. Important topics in 
discussion were the factors promoting and inhibiting 
nitrate formation, the carbon/nitrogen ratio and its 
indication of soil nitrogen availability, and methods 
of determining the availability of soil nitrogen. 
Instances were quoted where, although 80 per cent 
of the nitrogen present in the original rain forest 
vegetation remained in the soil, nitrogen shortage 
was still severely limiting pasture growth. 

Session 3 (nitrogen fixation) contained two papers. 
D. O. Norris, in his review of the biology of nitrogen 
fixation, showed that the classical temperate legume/ 
rhizobium symbiosis was atypical of the Leguminosae 
as & whole, which were essentially of tropical origin ; 
he also emphasized the wide range of plants and 
bacteria involved in fixation. C. 8. Andrew con- 
sidered the growth of legumes in acid soils and used 
this criterion as & measure of symbiotic efficiency. 
The use of plants other than conventional herbaceous 
legumes, for example, blue-green algas or nodulating 
non-legumes, to build up nitrogen in the system was 
discussed. The mechanism by which phosphate 
stimulated nodulation also received attention. 

Two papers in Session 4 (plant nitrogen) dealt with 
the pathways and processes of nitrogen metabolism 
in plants. Protein synthesis was the main theme of 
M. P. Hegarty’s paper on nitrogen uptake and 
transformations. He reviewed the evidence pointing 
to ammonia as a key intermediate and described the 
primary synthesis of amino-acids and their sub- 
sequent elaboration. Interference with amino-acid 
metabolism caused by mineral deficiency was 
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desembed by R. G. Coleman. He showed that 
mineral deficiency was frequently associated with 
disruption of enzyme activity; amino-acids may 
accumulate, and symptoms of deficiency result. Dis- 
cussion emphasized the complexity of mineral 
imbalance which could affect the level of other 
nitrogen compounds, for example, purines and 
pyrunidines, as well as amino-acids. The comparative 
insensitivity of ruminant animals to changes in the 
proportions of nitrogen compounds in their diet was 
attributed to the profound modifications brought 
about by microbial metabolism in the rumen. 

Seasion 5 (nitrogen for crops) contained five papers. 
I. F. Phipps described the manufacture and use of 
nitrogenous fertilizers, dealing chiefly with Australia, 
where about 125,000 tons were used annually, mostly 
in the form of ammonium sulphate, although the 
popularity of urea was increasing. The papers on 
nitrogen fertilizing of crops were by L. G. Vallance 
(sugar), F. Chippendale (tobacco and horticultural 
crops), W. J. Cartmill (cotton) and S. A. Waring 
(grain and forage crops). One hundredweight of 
ammonium sulphate increased the yield of sugar by 
25 hundredweight in Australia: the highest com- 
mercial application was 5 hundredweight ammonium 
sulphate per acre. There was considerable disagree- 
ment about the effects of different sources of nitrogen 
on tobacco quality, although the nitrate form was 
favoured in Queensland. With cotton in Queensland, 
responses to nitrogen were related to moisture avail- 
ability ; best results had been achieved where 
nitrogen fertilizer and irrigation were combined. 
Among possible adverse effects from nitrogen fertil- 
ization of grain crops were lodging, excessive nitrogen 
content in malting barley, and actual yield dopres- 
sion with droughted sorghum. Delegates spoke of 
the different soil depths exploited by different forage 
crops, the superiority of slow-acting nitrogenous 
fertilizers for some crops, and the growing popularity 
of urea as a source of nitrogen. 


NATURE 


June 18, 1960 VoL. 186 


Session 6 (nitrogen for pastures) comprised two 
paper on sources of nitrogen, both including con- 
sideration, of the influence of the grazing animal. 
W. W. Bryan considered the three symbioses legume/_ 
rhizobium, legume/grass and pasturefherbivore. 
World mformation on these relationships was almost 
wholly confined to temperate conditions; because 
of the many important differences of the tropical 
environment, a thorough study of these symbioses in © 
the tropics was needed. Discussion revealed con- 
flicting points of view on the importance and duration 
of the effects of nitrogen voided by the grazing 
animal. The need for perennial legumes capable of 
exploiting an improved soil environment, further 
information on native tropical pasture Jegumes as 
nitrogen. donors and fundamental data on the mech- 
anism of legume adaptation to difficult environments 
was emphasized. In reviewing the use of nitrogen 
fertilizer on pastures, E. F. Henzell pointed out that 
the widespread nature of nitrogen deficiency in 
tropical regions was accentuated by the lack of 
pasture legumes. There was ẹ number of grasa 
species with a growth potential appreciably greater 
than temperate grasses when nutrition was adequate. 
Because of the relatively low returns from pastoral 
farming and the high cost of nitrogenous fertilizers, 
insignificant quantities were now used on tropical 
pastures. 

Discussion at the symposium inevitably dwelt qn 
the fact that data applicable to the tropical environ- 
ment were sadly lacking in such diverse fields as 
pasture utilization, nitrogen fixation by free-living 
organisms, soil nitrogen availability and the nitrogen 
metabolism and requirements of tropical pasture and 
crop plants. Those participating, most of whom were 
actively in research on these and related 
fields, expressed the hope that the symposium 
would help to focus attention on the important 
problems of nitrogen in tropical agriculture. 

A. GQ. EYLES 


RHEOLOGY IN AUSTRALIA 


SYMPOSIUM on “Visco-Elastic Systems” was 
held during February 16-18 at the Division of 
Forest Products, Commonwealth Scientific and 
Industrial Research Organization, Melbourne. Organ- 
ized by the host laboratory, the meeting was attended 
by more than fifty delegates from universities, 
industrial concerns and research institutes, and it 
foreshadowed some of the activities of the nascent 
Australian branch of the British Society of Rheology. 
Opening the conference, Dr. F. W. G. White, 
chairman of the Organization, stressed the need to 
place industrial activity on the most mature and 
fundamental scientific basis. He welcomed the move 
to form a rheological society in Australia, which 
would provide more opportunity for co-operation on 
common problems in different scientific flelds. 

The topics were grouped into six sections. In the 
first of these, “Structural Interpretation’, B. J. 
Rigby reviewed theories of rate processes, and 
illustrated the use of the Burte-Halsey theory by its 
application to the rheological behaviour of wool. 
R. 8. T. Kingston applied rate-procesa theory to the 
ees of time-dependent mechanical behaviour 
of wood at high stresses. A qualitative change 
in the flow process was indicated by a stress 


region where energy constants underwent sudden 
changes. 

H. G. Higgins presented a theoretical account of 
the behaviour of hydrogen-bonded materials, based 
on the work of Prof. A. H. Nissan. Chemical sub- 
stitution of hydroxyl groups in cellulose can confirm 
the basic assumption that the mechanical response is 
controlled by the number of hydrogen bonds per unit 
volume. Dr. N. W. Tschoegl gave an accoumt of his 
studies on monomolecular cereal protein films. The 
influence of the substrate on the visco-elastic proper- 
ties of the film yields much information on the nature 
of bonding in the film. A. W. McKenzie discussed the 
influence of inter-fibre bonding in a paper on the 
tensile stress-strain behaviour. A qualitative change 
in the orientation of fractures with increased bonding 
is Interpreted as an increase in shear strength relative 
to tensile strength. R. C. Gifkins, after briefly 
surveying the subject of deformations in crystals, 
suggested that apparent viscous relaxation in grain 
boundaries may be an interaction of dislocations and 
vacancies, that is, a discontinuous crystalline process. 

In the second section, “Heterogeneous Systems”, 
Dr. F. A. Blakey discussed the relative contribution 
of the cement paste and of the aggregate to the creep 
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of concrete. J. De Yong, in a paper with H. G. 
Higgms, described draining studies on a pad of 
cellulose fibres, representing an early stage of paper 
formation. Compressibility of the porous medium 
complicates both the Kozeny and the drag equations. 
L. Dintenfass presented. a rheological classification of 
suspensions, separating the properties .of the solid 
and the liquid phases. He correlated colloidal 
’ structural properties such as sedimentation volume 
with the flow-curves of paints and other systems. 

In the following section, ‘““Hygroplasticity”’, several 
papers were devoted to wood and one to wool. 
Dr. G. N. Christensen described the effect of 
rheological properties on sorption. He had observed 
that the rate of water sorption by thin layers of wood 
is inconsistent with diffusion control, and suggested 
1t might be dependent on the relaxation of swelling 
stresses. Two important practical effects arising on 
drying wood, namely, ‘collapse’ and ‘set’, formed the 
subject of a paper by Dr. W. G. Kauman, who 
correlated macroscopic observations with the mole- 
cular processes in the cell wall. M. Feughelman 
discussed the effect of humidity on stress relaxation 
in wool, and suggested a model in which hydrogen 
bonds break in the presence of ‘mobile’ water. L. D. 
Armstrong presented experimental evidence on the 
great increase in creep of wood when changes in 
moisture content fake place while the material is 
loaded. The influence of changes in moisture content 
wasalso observed by J. W. Gottstein, who used strips 
of wood veneer held at constant deformation and 
subjected to humidity cycles. 
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The fourth section was concerned with “Specific 
Materials’. Dr. F. A. Blakey reviewed factors 
influencing the creep of gypsum plaster, and again 
emphasized the effect of free moisture content on the 
stress-strain-time relations. Various practical require- 
ments of glazing compounds were discussed by E. R. 
Ballantyne, who compared the properties of oil-based 
and rubber-based compounds. ©. Massey described 
tests on several thermoplastics with reference to 
their suitability for model structural analysis. 

In a section on “Instruments”, Dr. B. I. Aldrich, in 
æa joint paper with E. L. Newman, described a 
Couette viscometer designed for testing syrup during 
fractionation; it accommodates a wide range of 
shear stresses and has close temperature control. 
K. G. Martin described a micro-viscometer and 
discussed factors in ite operation. 

“Continuum Theory” was the subject of the last 
section. Dr. P. U. A. Grossman discussed Prof. 
K. Weissenberg’s ideas leading from an assumed 
restriction on stress directions for a given gtrain 
history to observable phenomena, such as cross- 
stresses. 

A policy session was held, at which the possibility 
of future co-operation in the field of rheology was 
discussed. In New South Wales the branch of the 
Society of Rheology has already held several meetings 
and has arranged a full programme of activities for 
the current year, including lecture courses on rheology. 
Plans were discussed for broadening the interest in 
this field, and for holding future meetings both at the 
local and national level. P. U. A. Grossman 


GAS CHROMATOGRAPHY 


HE Gas Chromatography Discussion Group of 
the Institute of Petroleum Hydrocarbon Research 
Group held its annual general meeting in gonjunction 
with an informal symposium at the Brunel College of 
Technology, Acton, London, W.3, on April 22. The 
secretary, Mr. D. H. Desty, reported that the Group 
had had another successful year in which it consoli- 
dated its position following the rapid expansion of 
the past few years. Interest in the Group’s activities 
hag been well maintained and its status in the field 
is now well recognized on an international basis. 
The abstracting service organized by the Group 
has made rapid progress, and more than 100 Britigh 
and foreign journals are abstracted regularly by a 
team of 25 abstractors. The inaugural volume of “Gas 
Chromatography Abstracts”, 1958, was published 
by Butterworths, London, on May 5, and has largely 
been the work of Mr. O. E. H. Knapman, the editor 
of the Group’s editorial committee. This volume 
provides abstracts and, more particularly, a detailed 
subject index for 1,468 papers in this fleld published 
up to January 1, 1959. Succeeding volumes will 
appear annually. 

Dr. A. T. James and Dr. D. Ambrose have taken 
part in the preparation by an international committee 
of preliminary recommendations on the nomenclature 
and presentation of gas chromatographic data, which 
were presented to the Analytical Section of the 
International Union of Pure and Applied Chem- 
istry in September, 1959. These have now been 
approved in the International Union for publication. 
The Group’s financial position is very sound, and its 


financial year hag been adjusted to coincide with that 
of the Institute of Petroleum Hydrocarbon Research 
Group (that is, to the end of September). No 
change in the annual fee (1 guinea), which is now 
primarily mtended to cover tho cost of publications 
issued by the Group, is therefore n 

The informal symposium which followed the annual 
general meeting was organized and introduced by 
Dr. J. A. Skellon of Brunel College of Technology, 
who commented on the active research interests of the 
College in the field of gas chromatography. The 
first paper, and perhaps the highlight of the meeting, 
was that by Dr. J. H. Purnell on the modification of 
solid supports. Dr. Purnell described measurements, 
made in his laboratory, of the adsorptive properties of 
‘Celite’ and brick dust which show that whereas ‘Celite’ 
has the lower adsorption, brick dust has the more 
reproducible properties. These experiments were 
made with the view of studying treatments of the 
support which might reduce adsorption and minimize 
tailing of peaks. One promising method of treatment 
is the use of hexamethyldisilazane, which reacts with 
hydroxyl groups. Its practical application is simple 
and the treated support is unwettable and has reduced 
adgorption. Although chromatograms obtained on. the 
treated support are improved, a further improvement 
is obtained if 0-1 per cent polyethylene glycol is 
added to the column with the stationary phase. One 
disturbing fact is that treatment of the support in 
this way has a slight effect on values of the specific 
retention volume even when the columns contain, as 
much as 20 per cent of stationary phase. 
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The other contributions to the mesting concerned 
the study of pyrolysis products. Dr. J. Giling 
described studies on the identification of the primary 
products of the pyrolysis of coal, in which field the 
mtroduction of gas chromatography has enabled the 
scale of experiments to be reduced from 20 kgm. to 
20 mgm. A 20-mgm. sample is heated to a series of 
stoady temperatures ranging from 50° up to 700° C. 
and the products of pyrolysis at each temperature are 
swopt into a refrigerated trap. Tho analytical sample 
is injected on to the column, containing polyethylene- 
glycol or squalane, by means of an automatic valve 
of 0-1 ml. capacity ; there was considerable interest 
in the design of this valve, the fixed sample volume 
of which is formed by œ length of l-mm. bore nylon 
tubing between two sections of the tubing which 
are compressed by cam-operated plungers. Dr. J. 
Blenkin described the analysis of hydrocarbon elasto- 
mera by combined pyrolysis and gas chromatography. 
It was hoped that elastomers could be identified if 
the monomers from which they are made could be 
obtained from them and analysed by gas chromato- 
graphy: to a large extent this hope has been realized. 
Samples are pyrolysed by dropping them into a heated 
silica tube attached to the apparatus, so that the 
products of pyrolysis are swept into the column and 
chromatographed ; for example, polybutadiene gives 
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& chromatogram of butadiene, natural rubber one 
of a mixture of isoprene and dipentene. Dr. Lehrie 
described similar experiments in which the degrada- 
tion was carried out in stages. A sample is placed in a 
coil of resistance wire in the form of a basket which is 
located at the entrance to the column. The tempera- 
ture of the wire is varied by altering the current 
passing through it, and within half an hour a series of 
chromatograms oan be obtained corresponding to the 
degradation of the one sample at each temperature. 
The series of chromatograms is characteristic 
and suitable for qualitative and quantitative 
analysis. 

The symposium concluded with a general discussion 
on sample injection, which was introduced by Dr. 
Purnell. Most speakers were agreed on the difficulty, 
if not present impossibility, of injecting representative 
samples for quantitative analysis which are small 
enough to be satisfactory with ionization detectors. 
The lower limrt of sample introduction possible with 
pipettes and syringes 1s probably about 25 micro- 
grams. Various suggestions—for designs of valves or 
introduction of the sample in solution—were made, 
but the simplest proposal for quantitative analysis 
was made by Dr. A. B. Littlewood, namely, to use a 
large sample and correspondingly insensitive detector. 

D. AMBROSE 


MEDICAL RESEARCH IN MALAYA 


HE valuable research work being done in the 

vast fleld of tropical medicine is well brought 
out in the annual report of the Institute for Medical 
Research, Federation of Malaya, for 1958. 

The Institute 1s divided into a number of divisions, 
each of which is carrying out investigations into 
diseases which are baflling and wide-spread. In the 
Pathology Division, for example, a curious type of 
allergic granuloma, apparently hitherto undescribed 
and believed to be the result of an auto-immunity 
reaction, has been investigated for some years. The 
variations in the bebaviour of melanocytes when 
surrounded by atypical or malignant epidermal cells 
have also been studied. 

A number of important investigations are being 
made in the Division of Nutrition and Biochemistry. 
Severe ansamia is one of the main complications of 
pregnancy in Asian women, and one in eight of the 
beds available for ante-natal patients in the General 
Hospital, Kuala Lumpur, is occupied by a patient 
requiring treatment for anmmia. Premature births, 
deaths of infants and of mothers were all increased 
in this group of women. 

The relationship of hookworm infection to ansmia 
was also studied : the greater the degree of anwmia, 
the higher was the proportion of patients with hook- 
worm infection. The use of radioactive chromium 
enabled calculations of the daily loss of blood appar- 
ently due to hookworms ; with heavy infections this 
could amount to as much as 80 ml. (almost 3 fi. oz.) 
of blood a day. Other studies were made on the 
changes in blood volume in chronic anæmia, on the 
factors influencing nse to treatment, and on the 
reasons for the frequent low levels of vitamin B,, to 
be found in patients with megaloblastic anzmia. 

Dietary inquiries made in the homes of a number 
of the patiente indicated that various causes, besides 


poverty, were responsible for the poor dieta which 
finally resulted in their admission to hospital with 
nutritional anemia. 

In almost every area where sufficient numbers of 
‘toddlers’, children aged 1—4 years, have been ex- 
amined, examples of protein malnutrition can be 
found; this is true even in the heart of Kuala 
Lumpur. Qnly a few come to hospital; they must 
be sought out by home visits and detailed inquiries. 
As might be expected, the condition is most common 
in isolated areas where communications are poor and 
unemployment is prevalent. A detailed investigation 
was made of kampongs on the Perak River where 
protein malnutrition is common; the diets there 
were found to be most unsatisfactory, and well below 
the recommended allowances. 

In the Bacteriology and Serology Division, research 
activities were directed to the production of vaccines 
to combat epidemics of cholera and smallpox. 

The search for Malayan streptomyces which may 
produce antibiotics continued, but without guccess ; 
resistance of bacteria to the commonly used anti- 
biotics is becoming more noticeable. 

Resistance to the tubercle bacillus is now reaching 
the point where it presents a serious problem. 
Judging by sensitivity tests, about 10 per cent of 
local strains are completely resistant to strepto- 
mycin, about 10 per cent are resistant to y-amino- 
salicylate, and 2 per cent to isoniazid. Partial 
resistance to one or other of these drugs is found in 
30-50 per cent of strains tested. 

The Virus Research and Medical Zoology Division 
continued its work on arthropod-borne and other 
viruses. Further work was done on the survey of 
animal reservoirs of leptospirosis, and infected rata 
were obteined from Maxwell Hill in Perak, from 
Langkawi Island, and from parts of Trengganu. By 
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contrast, no infections were found in much larger 
numbers of rats from Selangor coastal region. A new 
development, still being investigated, was the findmg 
of evidence of frequent infection in one but not 
another species of water-snake in Kuala Lumpur 
streams. 

Leptospirosis in humans is now recognized as bemg 
much more common than had been suspected a few 
years ago, and the virus laboratory is at present 
trying to assess the diagnostic value of a relatively 
simple test, suitable for use in & routine laboratory. 

At the request of the World Health Organization, 
the Entomology Division carried out tests to assess 
the merits of two types of apparatus in which mos- 
quitoes are held for short periods against surfaces 
treated with insecticide, and the kill later recorded. 
The opportunity was taken to include the organo- 
phosphorus compound, malathion, in these tests: 
the duration of effectiveness proved to be about 
three months, which was longer than had been ex- 
pected. The importance of this finding is that 
malathion has had to be used to control bed bugs 
which have developed resistance to the usual residual 
insecticides, especially dieldrin. Reports of such 
resistance were received from three rubber estates 
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and a small mental hospital, and malathion is reported 
to have given satisfactory results. 

An incidental result of house-spraying with dieldrin 
has been the virtual elimination of head-lice in the 
children living in the sprayed houses. Whereas in 
unsprayed areas infestation-rates in both boys and 
girls were 70-90 per cent, no active infestation could 
be found in the children where spraying had been 
carried out for one year. 

Other work done at the Institute was by the U.S. 
Army Medical Research Unit, Malaya. The unit 
investigated two outbreaks of scrub typhus in the 
Commonwealth Forces in some detail. One in central 
Perak, near Ipoh, was unusual in that the disease 
was mild, the Weil-Felix reactions were negative, 
and cases occurred in forest during the dry season 
instead of in scrub terrain in the wet season. 
Rickettsiae, however, were isolated in mice inoculated 
with blood from several patients, and they appear to 
belong to the scrub typhus group. Cases from the 
other outbreak in south-east Johore were typigal in 
nature, and Weil-Felix tests were positive. 

The report may be obtained from the Director of 
Medical Research, Federation of Malaya, Kuala 
Lumpur. 


* SURFACE TEMPERATURE OF SWEDISH LAKES AND THE ORIGIN 
OF RAINFALL 


By VILHELM IRGENS PETTERSSON* 
Bolistavdgen 10, Enskede, Sweden 


The Dry Summer of [959 

dpe accompanying diagrams (Figs. 1-4) give the 

distribution ofrainfall over Sweden as a percentage 
of the normal m 1959 (published by the Meteorological 
and Hydrological Institute of Stockholfn). They 
show very clearly that in the summer pf 1959 
Sweden shared the scarcity of rainfall] charac- 
terizing the weather over most of north-western 
Europe, although it varied from place to place. 
As will be seen, the whole inland area, generally 
speaking, with its half-dried-out rivers and reduced 
crops, is framed in by belts of moisture along the 
coasts and the Norwegian and the Finnish borders, 
broadening to their maximum in the north. 

The period of deficit in rainfall over the major 
part of Sweden lasted for the five months May- 
September, according to the monthly surveys of the 
Meteorological and Hydrological Institute in Stock- 
holm, from which the following data are cited : 

May. Total precipitation averaged 87 per cent 
of normal, with sub-varations of 300 per cent in 
the north down to 10 per cent in the south. 

June. Total precipitation averaged 61 per cent of 
normal with sub-variations of surplus in the north 
and deficit in the south with its minimum in the 
middle south-west. 

July. Precipitation in general 72 per cent of normal 
with a minimum of 10-25 per cent in the northern 
Baltic coast-land. 

August. Precipitation in general 41 per cent of 
normal; 100 per cent only in limited areas in farthest 
north and south. 


* Formerly of the Service Hydrographique in Copenhagen and 
editor of ita Bulletin Trimestriel. 


September. Precipitation as total average 53 per 
cent of normal except along the northern part of the 
Norwegian border, and m a belt running east-west 
from south of Lake Vanern to the coast south of 
Stockholm with a rainfall 100-200 per cent of normal. 

Note. In the following, temperatures are in degrees 
centigrade, distances and depths are in kilometres and 
metres respectively; surface temperatures were 
measured 0-5-1-0 m. beneath the surface. 


Rainfall South of lat. 59° 30° N. and Deviations in 
Temperature from the Average during July- 
September 1959 


In this part of Sweden the landscape is dominated 
by the two big lakes, Lake Vanern with an area of 
5,500 km.?, and Lake Veittern with an area of 1,900 
km... 

July (Fig. 1). The average temperature was 2°— 
2-5° above normal; precipitation 100 per cent and 
more only in the south inside a triangular area with 
its base along the Oresund and farther east to the 
south point of the island of Öland, reaching up to 
the south end of Lake Vettern; this lake, together 
with the north part of Lake Vanern falling inside 
the contour for 50-75 per cent of rainfall, the south 
part of Lake Vänern again being inside a region of 
almost total dryness. 

August (Fig. 2). Average temperature was 2°~3° 
above normal. Precipitation was 10-50 per cent of 
the average. It was up to normal only in isolated 
areas, one of them around the south end of Lake 
Vettern whereas Lake Vänern registered 25 per cent 
and less. 
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September (Fig. 3). Average temperature was 
0:5°-1-5° above -normal. Precipitation was only 
10-50 per cent of the average except inside a broad 
belt of 100—200 pe cent of normal stretching from 4 
region south of Lake Vanern eastwards, covering 
Lake Vettern and farther east passing the Baltic to 
the island of Gotland, its southern border touching 
the north point of the island of Oland. 


Probable Cause for Heterogeneous Distribution of 
Rainfall 


A study of the diagrams for July-September gives 
the impression that the surface of Lake Vettern, in 
the midst of an almost dried-out inland area, exercises 
a sort of attraction on the contours encircling areas 
of increased rainfall (July) in some cases bemg more 
or less mcoluded therein (August-September); by 
contrast, the surface of Lake Vanern, its neighbour to 
the west, 1s generally speaking, avoided by the con- 
tourg, and in some cases came partly mside regions 
of almost total dryness (July-August). In order to 
explain. this difference we have to look into the hydro- 
graphical conditions characterizing the two lakes. 

Lake Vanern. The surface of this lake 1s a quadri- 
lateral figure of about 70 km. x 70 km. apart from 
@ peninsula cuttmg into it from the north-west. 
Its bottom topography over the major part of 1ts 
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Tabie 1 


Date (July) 
Wind 


Air temp. (°C,) 
Water temp. (°C.) 
Surf 


5 ace 

b) Soundings 
At 54 5 m. 
At 15 m. 
At 5 m. 

Above depths of 





area ig more or less a plane from 20-40 m. beneath 
the surface, and sloping slightly west- and north- 
wards where in isolated places depths up to some 
90 m. have been sounded. The water in this shallow 
basin in periods of intense insolation during the 
summer months easily attains a surface temperature 
of 20° and higher, which has been the caso for months 
in the hot summer of 1959. Measurements then 
undertaken in the middle of July by the Meteoro- 
logical and Hydrological Institute showed a surface 
temperature of 19-3°. 

Lake Vettern. This is farther east; rts basin was 
created by a depression in the Earth’s crust, forming 
@ groove stretching south-south-west—north-north- 
east 128 km. in length by some 20 km. ın width, up 
to 30 km. only where the Gota Canal cuts through the 
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Fig. 2. August 









No 4729 June 18, 1960 N A T U R E 947 
Table 2 
1959 July August November 
Date 1 14 21 L il 21° 11 21 
So. Bj. 109° 148°? 170° 18-2° 189° 203° 117° 180° 8 8° 8 0° 71° 
Average 14 19 1° 12 0° 7 6° 
Vinga 177° 18° 199 19 9° 191° 18 6° 166° 165° 157° 10 °3° 9 9° TT 
Average 18 19 3° 16 8° 9 3° 
east border at Motala. Its east and west borders slope caused by a mixing of the sun-heated surface with 


down to meet in the bottom of the groove at a depth of 
some 100 m. running parallel to and some kilometres 
east of the longitudinal axis of the lake almost from end 
to end. The water of Lake Vettern is remarkable for 
its low surface temperature in summer relative to that 
of Lake Vanern, and also for the perfect clearness of itg 
water, the neighbouring towns taking drinking water 
by pipe-lines from the Lake. Temperatures were re- 
corded at four points along the borders of Lake Vet- 
tern in July 1959 by the Ice Service of the Meteoro- 
logical and Hydrological Institute. The points of 
observations were (Table 1); western border: (1) 
Karlsborg, lat. 53° 30’ N. ; (2) Hjo, lat. 63° 15’ N. ; 
southern end of the Lake: (3) Jonkdping; eastern 
border: (4) Gränna, lat. 58° N. 

The variations in surface temperature of Lake 
Vettern in a period of intense insolation giving an 
average of at least 4° below that of Lake Vänern are 
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colder water from the deeper layers, due to a con- 
tinuous vertical circulation both ways. The prime 
agent effecting this is the wind by its tangential 
pressure on the surface layer, particularly since its 
direction crosses the Lake perpendicular to its 
longitudinal axis, namely, east-west and vice versa. 
The water on the surface thus driven away from the 
windward border towards the lee border, making 
colder water from beneath rise and mix with the 
warmer upper layer, effects a reduction in its tempera- 
ture. In consequence the surface temperature in 
Lake Vettern as a rule is higher at the lee and bwer 
at the windward border. 

Incidentally, the same phenomenon on & gigantic 
scale takes place off the west coast of North Africa, 
where the hot winds from the Sahara always blowing 
westwards drive the surface layer out from the coast, 
thereby allowing cold water from the deeper layers to 
rise to the surface. As a consequence, this part of the 
North Atlantic has its surface temperature reduced 
to leas than 20° and even to some 16° as far west as 
the Canaries. 

But the tangential pressure on the surface layer, 
when directed instead more or less parallel to the 
longitudinal axis of the Lake, namely, north-south or 
vice versa, drives the water from one end towards the 
other and makes the water-level rise at the lee and 
sink at the windward end-—which on a reduced scale 
takes place also in the first case—and gives rise to 
another phenomenon known. as the ‘seiches of Lake 
Vettern’. This phenomenon was studied in the early 
part of the present century by Dr. F. Bergsten and 
published by him in a treatise under that title. By 
bringing the water-level out of balance, the whole 
bulk of some 80 km.?—sgome 80 billion tons of water 
——18 set swinging like a gigantic rocking chair on a 
nodal axis half-way between the ends of the Lake 
where the movement is nil, increasing to its maximum 
at cither end, the water-level here alternately rising 
and falling with the same amplitude relative to the 
horizontal plane. This phenomenon is characteristic 


~ especially of oblong lakes and was first studied by 


Forel in Lake Leman and later by Chrystal and 
Maclagan—-Wedderburn in the Scottish Lochs Earn 
and Treig. Dr. Bergsten based his work on the 
methods elaborated by Chrystal and found the 
seiches of uninodal order in Lake Vettern to have sa 
maximal amplitude of 13 om. and a frequency, that 
is, time between oscillations, of 174-180 min. 
Variations in barometric pressure have also been ` 
found under certain conditions to influence the 
formation of geiches caused by the winds, for example, 
when minima pass parallel to ıts longitudinal axis. 
To ascertain the difference in surface temperature 
between Lake Vettern and the sea areas east and 
west of southern Sweden swept by the winds before 
passing over the district of the big lakes, observations 
from the series registered daily on the Swedish light- 
vessels Svenska Bjorn in the Baltic east of Stockholm 
and Vinga west of Gothenburg for July-September 
are given in Table 2. The corresponding observations 
for November are also given, representing a later 
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Table 3 -> 
1959 November 
to 2 8 4 5 9 12 13 17 18 80 
wW. 7 SW. 10 B.W. 6 N. 8 — 8. 4 S.A. 3 §.H. 8 N.B. 10 S,E. 5 E. 5 
Lee border dward er 
T° (4 m.) 9° 9° 9° 8° i T 7 7” By 8° 8° 
Sv. Bj. 8-8° 8° 71° 
F 108° 99° TT 


period of another thermal character to be dealt with 
later. 

The cold surface of Lake Vettern, almost 2,000 
km.* in area and situated in the midst of a depression 
in the highland plateau of southern Sweden, will in 
hot summers continuously build up a ‘mound’ of 
cooled air, making the warmer winds ascend and 
unload their moisture as shown by the curves of 
Figs. 1-3 in accordance with the theory of Vilhelm 
Bjerknes. 

The above data from the Baltic and the Skagerak 
for August 1959 compared with the average values 
calculated by the Deutsche Seewarte in Hamburg 
represent a surplus of 3-4 deg., whereas the surface 
layer of the Baltic in ordinary summers is cooled by 
the outflow from the rivera in the north transporting 
water from the melting sow in the mountains of 
Sweden and Finland. Its total mass, holding a few 
parts per thousand of salt from a bottom current 
entering by the Belts from the Kattegat, like a gigan- 
tic river is perpetually moving south to its outflow 
through the Belts and the Oresund into the Kattegat 
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at a yearly quantity calculated by Witting aa about 
430 km.*. Presumably the total for 1959 will undergo a 
considerable reduction because of the scarcity of rain- 
fall over the Baltic and the diminished influx from the 
rivera where the low water-level has made timber- 
floating almost impossible. 

An open question is whether the continuous dam- 
ming up of river water for bigger and bigger hydro- 
electric plants for supplying electric power in winter 
does indeed cause a noteworthy reduction in the 
summer outflow into the Baltic. This, in periods of 
intensified insolation, would tend to increase its 
surface temperature. 


The Situation In November 1959 


According to the monthly meteorological survey, 
the average temperature south of lat. 59° 30’ N., 
steadily sinking from September, still shows an excess 
above normal of 1-2 deg. Only in isolated places did 
precipitation amount to normal, in spite of the 
abundant rainfall of up to 200 par cent and more in 
middle and northern Sweden north of the curve fog 
100 per cent rainfall running east-west and includi 
the major part of Lake Vanern in that area, but leav- 
ing Lake Vettern south of it m a rainfall area of 75 per 
cent of the average and extendmg its southern end 
into an offshoot from an area of maximal scarcity in 
the farthest south. 

Thus in November, both Lakes seem to have ex- 
changed their former character of attractiveness or 
the opposite on the curves of increased precipitation. 
Surface data for Lake Vanern, however, could not be 
obtained, but by & lucky chance temperatures for 
Lake Vettern in November have been supplied by 
courtesy of Chief Engineer G. Wigforss of Motala, 
being registered at 4 m. beneath the surface at a point 
500 m. west of Motala at the eastern border where 
Mr. Wigforss wanted for a special purpose to ascertain 
the thermal development. 

Table 3 shows the temperatures together with (a) 
the direction and velocity of the wind, because as 
already mentioned they influence indirectly the varia- 
tions in surface tem ture and (6) for comparison 
also data for the Baltic and the Skagerak. 

The reason for accepting data at a depth of 4 m. 
as representative for surface is that the direction 
of the wind is alternately from either border, thus 
shifting between windward and lee. The fempera- 
ture of the former being expected to sink and the 
latter to rise will give a medium value at 4 m. of 
satisfactory accuracy for the purpose of a comparison 
with that of the ses surface. 

The results indicate that the usual reduction in 
surface temperature during September has taken 
place at a slower rate in Lake Vettern than in the 
sea east and west, resulting in an equilibrium in 
November. This explains the disappearance of any 
tendency to start a moisture condensation from the 
air above or in the vicinity of the Lake, contrary to 
the situation in the preceding months. 


Discussion 


The present work indicates an equivalence between 
the temperature of the sea surface on either side of 
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Sweden in the summer of 1959 and that of the con- 
tinental and Atlantic winds sweeping it, in contrast 
to the difference in ordinary years prevailing between 
the cooler surface of the Baltic and the Skagerak 
relative to the warmer atmosphere above. Applica- 
tion of the thesis formulated by Otto Pettersson from 
& climatic point of view leads to the conclusion that 
this balance in the thermal state explains the scarcity 
of rainfall over the major part of Sweden during the 
summer of 1959, the invading winds from south 
and west not unl their moisture until attacking 
the cold wall of the polar front, apparently established 
farther north than im ordinary. years when July 
statistically holds the year’s record in rainfall. 

The apparent activating influence by the colder 
surface of Lake Vettern on condensation of moisture 
in the air above it, during July-September is also in 
agreement with this thesis, as well as the simultaneous 
scarsity in rainfall over and in the vicinity of Lake 
Vanern, then presumably of a temperature equal to 
that of the sea surface to the east and west. Hence 
the occurrence of cold and moist summers, at least 
in south and middle Sweden up to a certain elevation 
above the sea-level, will be directly related to a 
difference in surface temperature between the Baltic 
and the Skagerak and the warmer winds from the 
south and west, depending on or in connexion with 
an extension to the south of the polar front, a 
problem which was attacked from a cosmic point of 
view by Otto Pettersson in hig lecture referred to 
above. 

Fig. 5 gives the profile of a vertucal section of 
southern Sweden following the course of the Gota 
Canal and cutting the highland plateau between 


the Baltic and the Skagerak, on its way crossing both 
Lakes Vettern and Vänern. As will be seen, the 
surface of the latter ıs 44-4 m. above the sea surface 
whereas that of Lake Vettern reaches 88-5 m. above 
and the deepest part of its bottom groove some 10 m. 
below, its maximal depth thus amounting to about 
100 m. (Lake Vettern, however, is very shallow 
compared with the biggest Norwegian lake, Lake 
Mjosa, only 359 km." in area but with a maximal 
depth of 443 m., of which no less than 322 æ. 1s 
below and 121 m. above the surface of the North 
Sea.) For the exact middle water-level in the 
respective lakes I am indebted to the directors of 
the Gota Kanal Co., Ltd., through Colonel B. Klint, 
Motala. 

The significance of hydrography for meteorological 
forecasting cannot be over-emphasized, provided that 
the necessary data, especially regarding surface tem- 
perature from the actual sea areas, can be provided 
at a sufficient geographical extension and within the 
shortest time possible, as is done in reporting of air 
temperatures on land to the meteorological centres. 
It is & question of devising a rationalized technique 
for speedy sampling of the data and bringing them to 
the forecaster. 
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CORRELATION BETWEEN COMPOSITION, STRUCTURE, SHAPE 
AND FUNCTION OF A SALIVARY MUCOPROTEIN 


By Dr. ALFRED GOTTSCHALK 
Department of Microbiology, John Curtin School of Medical Research, Australian Natlonal University, Canberra 


UCOPROTEINS may be defined as conjugated 

proteins having hexosamine containing oligosac- 
charides as multiple prosthetic groups. For bovine 
submaxillary gland mucoprotein, a representative of 
this class, Hammarsten! established in 1888 the 
presence of a firm chemical linkage between carbo- 
hydrate and protein, and he also recognized the 
strongly acidic character of the compound. In 1901, 
F. Muller? isolated crystalline p-glucosamine hydro- 
chloride from bovine submaxillary gland mucoprotein 
and demonstrated the presence of acetyl groups in 
this mucoprotein. During the next fifty years little 
attention was paid to mucoproteins and scarcely any 
notice was taken of the important discovery by Blix’ 


of a new, though unidentified acidic carbohydrate in. 
bovine submaxillary gland mucoprotem. The situa- 
tion changed dramatically when Burnet‘ and coo- 
workers showed: (1) that many glandular mucins 
of human and animal origin, among them the sub- 
maxillary gland mucins of ruminants, inhibited 
hemagglutination by heat-inactivated influenza virus, 
(2) that the active principle of the mucin was a muco- 
protein and (3) that living influenza virus and an exo- 
enzyme of Vibrio cholerae (RDE) destroyed this 
inhibitory capacity. 

The elucidation of the chemical reaction underlying 
the enzymio inactivation of the inhibitory muco- 
proteins was initiated when Gottechalk* and co- 


950 


workers isolated a dialysable compound of low mole- 
‘cular weight from the digest of purified inhibitory 
mucoproteins and purified influenza virus and RDE, 
“respectively. The chemical properties of the ‘spht 
product’ closely resembled those of the acid isolated 
by Blix* from bovine submaxillary gland mucoprotein 
and termed in 1952 ‘malic acid’*. By treating bovine 
submaxillary gland mucoprotein with 5 per cent 
methanolic hydrochloric acid, Klenk et al.” obtained 
the same methoxyneuraminic acid which Klenk had 
previously prepared from certain brain mucolipids by 
a simular procedure. Furthermore they isolated from 
bovine submaxulary gland mucoprotein N-acetyl- 
neuraminic acid and on repeating Gottschalk’s work 
identified the crystalline split product as N-acetyl- 
neuraminic acid’. 

Concerning the structure of the new sugar acids, 
Gottschalk! proposed in 1955 on the available data a 
comprehensive scheme with neuraminic acid as the 
parent structure common to sialic acid, N-acetylneur- 
aminié acid and methoxyneuraminic acid. Neura- 
minic acid was visualized as an aldoleondensation 
product of hexosamine and pyruvic acid, N-acetyl- 
neuraminic acid as N-acetylated neuraminic acid, 
sialic acid as N,O-diacetylated neuraminic acid and 
methoxyneuraminic acid as the methylglycoside of 
neuraminic acid. By the fuston of pyruvic acid with 
hexosamine a keto-, deoxy-, hydroxyl- and ammo- 
group become a-, B-, y- and 8-positioned respectively 
to the carboxyl group, an alignment favouring 
cyclization to a pyrrole ring. It was the conversion 
of the split product to pyrrole-2-carboxylic acid? 
under mildest alkaline conditions which rendered 
possible the allocation in space of the functional 
groups, elaborated previously by Blix et al. and 
Klenk et al.?7. The correctness of the scheme was 
proved by alkaline degradation of N-acetylneuraminic 
acid to N-acetyl D-glucosamine and pyruvic acid™ and 
by the chemical synthesis?! of N-acetylneuraminic 
acid from N-acetyl p-glucosamine and oxaloacetate at 
pH 11-0 and 20°. Recently, Comb and Roseman? 
showed that the N-acetylhexosamine fragment of 
N-acetylneuraminic acid has the steric configuration 
of N-acetyl D-mannosamine, the ease of the epimeriza- 
tion reaction N-acetyl p-glucosamine = N-acetyl 
D-mannosamine accounting for the synthesis of 
natural N-acetylneuraminic acid from N-acetyl 
D-glicosamine and oxaloacetate. 

The main sugar components of the homogensous 
submaxillary gland mucroproteins are N-acetyl- 

tosamine and sialic acid (in the new nomen- 
clature** the generic name of all N- and O- substituted 
neuraminic acids). Bovine submaxillary mucopro- 
tein contains equimolecular amounts of sialic acid 
(22-4 per cent expressed as N-acetylneuramuinic acid) 
and N-acetylgalactosamine besides small quantities of 
‘other sugars. In ovme submaxillary gland muco- 
protein the total carbohydrate (42 per cent) consists 
practically only of N-acetylneuraminic acid and 
N-acetylgalactosamine in the molecular ratio 1: 1. 

In the elucidation of the structure of the carbo- 
hydrate group. of the submaxillary gland mucopro- 
teins the Vtbrio cholerae enzyme RDE proved to be 
a valuable tool. The liberation of 70 per cent of the 
total sialic acid, and of sialic acid only, from bovine 
submaxillary gland mucoprotein by RDE suggested 
a terminal position of the acid; the reducmg power 
of the sialic acid released from the non-reducing 
bovine submaxillary gland mucoprotein indicated a 
glycosidic (ketosidic) linkage of the terminal sialic 
acid to its partner, thus allowing classification of the 
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enzyme as & glycosidase. The further qualification of 
RDE as an «-O-glycosidase was derived from RDE 
action on sialyl-lactose. The enzyme was named 
‘neuraminidase’}5, 

The prosthetic group of ovme submaxillary gland 
mucoprotein was readily released by mud alkali 
treatment. On heating an ovine submaxulary gland 
raucoprotein solution, adjusted to pH 11-5 with 
barium hydroxide, at 80° for 15 min., 22 per cent of the 
prosthetic groups were released, and this treatment 
could be repeated several times yielding further 
quantities of prosthetic groups. The prosthetic 
group was identified as a-p-N-acetylneuraminyl 
(2 + 6) N-acetylgalactosamine by elementary analy- 
sis, cleavage into its components by neuraminidase, 
consumption of 4 moles IO,-/mole and by conversion 
to characteristic derivatives’*. 

The prosthetic groups are joined through their 
reducing ends to the free carboxyl groups of glutamic 
and aspartic acid residues by a glycosidic ester linkage. 
This was first indicated by an appreciable drop in 
pH concomitant with the release of prosthetic 
groups when an ovine submaxill gland muco- 
protem solution with an initial pH of 10:5 was heated 
at 80°. Quantitatrve determination of the number of 
prosthetic groups released and of the number of 
carboxyl groups unmasked were m fair agreement. 
The presence of a glycosidic ester dinkage to aspartyl 
and glutamyl respectively was conclusively proved 
by the reduction of one of the carboxyl groups of the 
dicarboxylic acids when ovine submaxillary gland 
mucoprotein, after pretreatment first with trypsin 
and then with phenyl-isothiocyanate, was dissolved 
in anhydrous tetrahydrofuran and acted upon with 
lithium boron hydride. This reagent w known to 
effect a reductive cleavage of ester linkages without 
appreciable action on amide or peptide bonds”. The 
recovery of total dicarboxylic acids of ovine submaxil- 
lary gland mucoprotein after such treatment was only 
12 per cent of the normal value (10-7 gm. dicarboxylic 
acids expregsed as glutamic acids), indicating eaterific- 
ation of one of the carboxyl groups of the missing 88 
per cent dicarboxylic acids. Again the reductive 
cleavage was accompanied by the release of prosthetic 
groups. The extent of reductive cleavage of ovine 
submaxillary gland mucoprotein is limited by its 
rather low solubility in tetrahydrofuran, even after 
fragmentation by trypsin and blocking of the N- 
terminals by phenyl-tsothiocyanate to suppress 
ionization. The true extent of esterification is indi- 
cated by the finding that 84 per cent of the prosthetic 
groups are removed by heating ovine submaxillary 
gland mucoprotein at pH 11-5 and 80° for 4 hr. ; 
this figure cannot be increased by more severe alkaline 
conditions. About 16 per cent of the prosthetic 
groups are linked in an alkali-atable O-glycosidic 
linkage, probably to serine and/or threonine". 

The quantitative amimo-acid analysis revealed a 
nearly complete complement of amino-acids; how- 
ever, the content of aromatic and sulphur-containing 
amino-acids was low and that of glycine, proline and 
B-hydroxy-amino-acids high?®. 

The susceptibility of ovine submaxillary gland 
mucoprotein to trypsin action ıs sterically hindered 
by the prosthetic groups which are bulky substi- 
tuents at the side chains of frequently occurring 
amino-acids (Fig. 1). One out of 6:4 amino-acid 
residues carries a prosthetic group and one out of 
16 amino-acid residues 1s a lysyl or arginyl residue, 
that is, 2-5 prosthetic groups/trypsin-susceptible 
bond. Removal by neuraminidase of the terminal 
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a glycosidic-ester 
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S 
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qferically hindered by the prosthetic group 


Ñ -atetylneuraminic acid units increased by 45 
per cent the number of peptide bonds split by 
trypsin®. 

In the course of these experiments the observation 
was made that release of N-acetylneuraminic acid by 
crystalline neuraminidase at pH 6-0 decreased 
markedly the viscosity of ovine submaxillary gland 
mucoprotein. Quantitative measurements showed 
that the reduced viscosity of ovine submaxillary gland 
mucoprotein at pH 6-1 decreased from 3-13 to 1-33 
on treatment with crystalline neuraminidase (free 
of proteinases). Since N-acetylneuraminic acid like 
pyruvic acid is a strong acid (pKa = 2-6)? this result 
suggested a dependence of the shape of the molecule 
on the strongly negative charge of the prosthetic 
group. To test this suggestion the viscosity of ovine 
submaxillary gland mucoprotein was measured over 
a pH range of 7-8-1-8 under comparable conditions 
of ionic strength. There was little change between 
pH 7:8 and 4-3 (isoelectric point of ovine submaxil- 
lary gland mucoprotein = 4-7) ; however, the reduced 
viscosity dropped from 3:50 to 2-50 between pH 
4-3 and 1-8, that is, in the pH range of decreasing 
ionization of N-acetylneuraminic acid. This decrease 
in viscosity was completely reversible on readjustment 
of the PH. These results would indicate that the 
strongly negative charge of the carboxyl groups of 
N-acetylneuraminie acid is responsible for the 
extended shape of the mucoprotein, On enzymic 
removal of N-acetylneuraminic acid at pH 6-0 
or on suppression of its ionization the molecule 
assumes a more compact shape losing thereby its 
viscous character*'. Prof. Linus Pauling has sug- 
gested to me as a possible structure of ovine submaxil- 
lary gland mucoprotein that the protein consists of 
-helix segments loosely joined by proline residues. 
The prosthetic groups would then form a secondary 
helix around the protein core. It has been shown on 
models that the average spacing of 6-4 residues offers 
many possibilities for the formation of hydrogen 
bonds, in the direction of the helix axis, between 
adjacent sugar rings. The co-operative effect of the 
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H-bonds and the electrostatic re- 
pulsion of the charged carboxyl 
groups of N-acetylneuraminie acid ~ 
could preserve a rod-like structure: _ 
despite the potential flexibility of 
ovine submaxillary gland muco- 
protein at the sites of the proline 
» residues. 
ruminants the submaxillary 
_ -glands are the main mucus-secreting 
salivary glands ; because of its high 
mucoprotein content the secretion 
is very viscous. This secretion to- 
gether with that of the parotid gland 
(serous gland) and that of the much 
smaller sublingual glands (mixed 
glands) form the saliva. One of the 
main functions of saliva is to cover 
the foodstuffs with a lubricant layer 
of mucus, assisting swallowing and 
protecting teeth and the linir cells 
of the mucosa against injury. Of 
all the substances synthesized by 
the organism mucoproteins, be- 
cause of their high viscosity, are 
especially suited for the functions 
of lubrication and protection. It 
seems to be of interest that by such 
a rather simple expedient as the 
attachment of strongly negatively charged, multiple 
disaccharides to the side-chains of the protein core 
a high degree of viscosity is imparted to the molecule. 
The wide distribution of neuraminic acid among the 
viscous epithelial secretions of the respiratory, intes- 
tinal and uro-genital tracts may well reflect one, at 
least, of the physiological functions of this acid. 
If this concept proves to be true, Nature was wise to “i! 
incorporate into neuraminic acid the strongest stable 
organic acid produced in the metabolism of the 
animal cell. 


I am indebted to Dr. G. L. Ada, of the Walter and 
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ULTRA-STRUCTURE OF HUMAN AMNION AND ITS POSSIBLE 
RELATION TO THE CIRCULATION OF AMNIOTIC FLUID 


By Dr. GORDON L. BOURNE 
Department of Obstetrics and Gynaecology, St. Bartholomew's Hospital, London, E.C.| 
AND 


Dr. DENNIS LACY 


Department of Zoology and Comparative Anatomy, St. Bartholomew's Hospital Medical College, 
University of London, E.C.| 


HERE is no doubt that some circulation of 

amniotic fluid occurs between the human 
foetus,and mother. According to Plentl', from work 
carried out by the use of deuterium, the exchange is 
about 450 ml. per hr. at term. Plentl has also demon- 
strated differential rates of transfer of sodium and 
potassium ions. The turn-over of sodium in the 
amniotic fluid is believed to occur at about seven 
times the rate that potassium is replaced. There is 
no definite information to show either how such 
large amounts of fluid are conveyed from the fetus 
to the mother, or to account for the passage of various 
ions at different rates. In an attempt to throw 
further light on these problems we have been 
investigating the fine structure of the human amnion 
at term. 

An account of the fine structure of the epithelial 
layer has been published by Lanzavecchia and 
Morano*. This work was carried out at moderate 
resolution and relates primarily to changes occurring 
during development. 

Amnion was obtained from patients delivered by 
Cesarean section at term. The amniotic membrane 
was dissected from the chorion, and portions of the 
placental and peripheral amnion were selected for 
examination. 

Small pieces of the membrane were fixed for 2 hr. 
in osmium tetroxide solution buffered to pH 7-3 
(ref. 3). The tissue was then rinsed briefly in distilled 
water, dehydrated in gradually increasing concentra- 
tions of ethanol and finally embedded in a 1:3 
mixture of n-methyl and n-butyl methacrylate. 
Sections were cut with a glass knife and mounted on 
copper grids previously covered with a thin carbon 
film. ‘The material was examined in a Siemen’s 
Elmiskop la generally operated at 60 kV. Micro- 
graphs were obtained at initial magnifications varying 
from x 1,000 to x 40,000. The following is a brief 
account of the main results so far obtained. 

Epithelial Layer. This consisted of a single layer of 
cells the height of which varied from about lu to 25u. 
At moderate magnification (Fig. 1) the cells appeared 
to be covered by a single membrane which, on the 
surface next to the amniotic fluid, was evaginated to 
form many short processes or microvilli. Along the 
lateral aspect, the two membranes of adjacent cells 
delimited a series of irregularly shaped vacuoles 
(Fig. 1). Some of these vacuoles simply appeared 
to extend into adjacent ones ; others were connected 
by fine channels (about 170 A. internal diameter) 
formed by the close apposition of the two cell mem- 
branes. While the majority of these vacuoles were 
located in the regions between adjacent cells (that 


is, were hollowed out in the sides of the cells) a few 
were seen lying deeper in the cytoplasm. Projecting 
into some of the vacuoles were a variable number of 
microvilli, generally less per unit area than seen on 
the upper surface of the cells. In the basal region the 
cell membrane was irregular in outline and delimited 
irregularly shaped vacuoles of various sizes. The 
appearance of this region, therefore, was similar 
to that seen along the sides of the cells (Fig. 2). 
Some micrographs showed that thg cell membrane in 
the basal region was thickened at intervals. 

The vacuoles in the lower parts of the cells Wers 
generally filled with a substance of moderate density 
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Fig. 1. 
part of amniotic epithelial cells. 
v, system of Intercellular vacuoles. 
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Fig. 2. Micrograph showing the general appearance of part of 
the basal region of an amniotic epithelial cell. b.m., basement 
membrane ; ġ.0., basal vacuole ; c.t., connective tissue. ( x 10,000) 


which was continuous with, and similar in appearance 
to, the material forming the basement membrane 
(Fig. 2). In a few micrographs we observed a similar 
substance in vacuoles in the upper parts of the cells 
which communicated with the amniotic fluid. In 
*th® majority of our micrographs, however, vacuoles 
in the upper parts of the cells lacked demonstrable 
contents. 

The cytoplasm of the epithelial cells appeared very 
dense and granular (Fig. 1). Mitochondria were 
extremely scarce and when seen were usually in the 
form of small spheroidal bodies about 0-3 in dia- 
meter. A Golgi apparatus has so far not been 
observed ; if present it was presumably small and 
inconspicuous. In some cells we observed about two 
or three (per section) dense bodies each about ly in 
diameter. The nucleus was a large, dense object 
located close to the upper surface. It was irregular 
in outline and sometimes fenestrated (Fig. 1). 

Various parts of the cells were examined at high 
magnification and resolution. This revealed that the 
microvilli were bordered by two closely applied 
membranes, each about 30 A. thick. Within the 
microvilli were many fine rods which, due to the 
presence of a ‘clear’ medulla and dense cortex, were 
canal-like in appearance. The external and internal 
diameters of these canal-like elements varied; the 
maximum diameters recorded were 150 A. (external) 
and 70 A. (internal). When seen in cross-section these 
elements simply appeared to be placed closely 
together. Rarely, however, elements of similar 
composition were seen which exhibited the 9 + 2 

arrangement found in cilia and flagella‘. This sug- 
gests that occasional cilia existed alongside the 
microvilli. However, the possibility cannot be ruled 
out that the 9 + 2 pattern may occur in some micro- 
villi, perhaps during some stage in their development. 
The canal-like elements penetrated into the cyto- 
plasm to a depth ranging from about 0-25 to 0-5y. 
Due mainly to this there appeared to be a thin layer 
of particularly dense cytoplasm immediately beneath 
the microvilli in cells examined at lower magnifica- 
tion (Fig. 1). 

When studied at high resolution and magnification, 
comparatively large areas of the cytoplasm were 
seen to contain numerous paired parallel lines and 
circular elements (Fig. 3). These observations are 
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interpreted as showing the presence of membranes 
arranged mainly in the form of fine canals with some 
occurring as parallel sheets. The membranes were 
each about 60 A. thick, the distance between them 
(canal lumen) was about 100 A. Examination of 
representative parts of the cell surface, where it 
bordered the lateral and basal system of vacuoles 
referred to above, revealed many circular apertures 
(about 75-100 A. internal diameter) which communi- 
cated with the intracellular channels and canals. 
The evidence suggests, therefore, that amniotic 
epithelial cells contain an extensive system of canals 
and channels which communicate directly with the 
extracellular ‘space’. Further details of this system, 
such as its relationship with the upper surface of the 
cell and microvilli, are now being studied. 

Basement Membrane. This consisted of a thin layer, 
usually about O-lu thick, of a moderately dense 
substance which penetrated into the vacuolar-like 
indentations of the cell membrane. At high resolu- 
tion it was seen to consist of fibrils (each about? 200 A. 
in diameter) embedded in a material of closely match- 
ing density. 

Connective Tissue Layer. This relatively deep layer 
(0:05 mm.—0-5 mm. thick) consisted mainly of fibrils, 
each about 300 A. thick and exhibiting faint trans- 
verse striations with a periodicity of about 600 A. 
The fibrils were branched, the angle of branching 
usually being about 90°. They were arranged in 
bundles (not bounded by a membrane) lying in 
various planes (Fig. 4). Thus in any region a great 
number of parallel fibrils lay next to a comparable 
number of similar elements sectioned transversely or 
obliquely. Such an arrangement accounts for the 
appearance of a network of fibres in light microscopi- 





Fig. 3. 
regions of the cytoplasm of amniotic epithelial cells, 


Micrograph of the numerous membranes found in various 
The mem- 
branes are believed to be arranged mainly in the form of canals 


Along the cell surface 


with some occurring as parallel sheets. 
( x 100,000) 


(¢.8.) are many small circles suggestive of pores. 





Fig. Micrograph of part of the connective tissue layer showing 
a fibroblast ( oan bundles of fibrils (). Along the lower right- 


e cell connective tissue fibrils can be seen partly 
embedded in cytoplasm. (9,000) 


hand side of 


cal preparations’. The morphological evidence, 
therefore, suggests that the fibrils were reticular 
fibrils. Typically, in the deeper parts of this layer 
the fibres had a wavy appearance ; this was probably 
due to some contractio 

Cells were comparati vely scarce and were located in 
an intermediate 1e and in the deeper parts of the 
, layers described by 
Bourne®). These ¢ ce alls were of two kinds: fibroblasts 
and macrophages. As far as could be determined from 
individual sections, the fibroblasts in the intermediate 
zone formed a diffuse network. Parts of the cell 
surface appeared not to be covered by a membrane. 
Where this occurred were many connective tissue 
fibrils projecting from the cell cytoplasm into the 
extracellular ‘space’ (Fig. 4). There seemed little 
doubt that the fibroblasts were actively synthesizing 
new fibres. The fine structure of these cells varied, 
either because the cells were of different ages or in 
different physiological states. Most of them, however, 
contained an irregularly shaped, dense nucleus 
(sometimes elongated), a moderately well-developed 
endoplasmic reticulum (lamelliform and tubular in 
appearance), mitochondria, Golgi apparatus, groups 
of fine filaments and several small dense spheroidal 
bodies. The last-named were possibly glycogen 
granules’. Also present in most cells was a single large 
mass of material which almost totally occupied the 
region of the cell in which it was located. This 
material wes bordered by membranes of the endo- 
plasmic reticulum. When examined at high resolu- 
tion, it was seen to consist of an almost ‘clear’ matrix 
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within which was a network of greater density. In 
some cells the network consisted of fibrils (each 
about 300 Å. in diameter) embedded in a homogeneous 
ground substance. In other cells the fibrils were 
scarce or absent and within the ground substance 
were many small vesicles (each about 500 in 
diameter). These observations seem to show quite 
definitely that some connective tissue fibrils were 
being formed intracellularly. 

In the deeper part of the connective tissue layer 
were elongated cells. The ends of these cells were 
closely applied and this, together with the fact that 
the cells followed the wavy course of the connective 
tissuc fibres, made them appear to be articulated. 
The general appearance of these cells was different 
from that shown by the cells in the intermediate 
zone. It seems likely, however, that they were fibro- 
blasts. 

The only other cells observed were macrophages. 
These were very scarce and sca throughout the 
connective tissue layer. Within these cells were 
inclusions which, from evidence obtained by the use 
of Perl's’ test for iron (on sections examined under 
the light microscope), probably contained hæmo- 
siderin. 

So far as can be determined on a purely morphologi- 
cal basis, it seems likely that some of the amniotic 
fluid which passes from the foetus te the mother, and 
the accompanying differential rate of turn-over, Ofe 
various ions, may be brought about by the amnion. 
As a working hypothesis it may be conjectured that 
the fluid enters the amnion via (a) the opening 
between adjacent cells, where it passes into the lateral 
system of vacuoles and (6) the upper surface, the area 
of which is greatly increased by the presence of 
microvilli. Within the cells the fluid presumably 
enters the complex system of fine canals and channels. 
The fine canals and channels communicate with the 
lateral and basal vacuoles and hence with the extra- 
cellular space ; this results in an enormous increase in 
surface area, Within the vacuoles there is presumably 
some mixing of any solution which may have entered 
via the two principal pathways. Assuming that some 
ions travel more readily along one route than the 
other, then this could offer an explanation (although 
much over-simplified) of the differential rate of turn- 
over of different ions. Having passed through the 
epithelium the fluid must permeate the connective 
tissue layer. Since this layer consists mainly of a 
network of fibres there is no objection to this on 
morphological grounds. 

Experiments are being carried out to examine the 
validity of the above hypothesis. This part of our 
work is at an early stage. However, 30 min. after 
the injection of colloidal gold in the amniotfe fluid 
a few small particles of gold have been observed in 
the connective tissue layer, either scattered along 
the length of some of the fibrils or around small 
processes of the fibroblasts, 

The above work was undertaken during the tenure 
of a Lawrence Research Scholarship of St. Bartholo- 
mew’'s Hospital held by one of us (G. L. B.). 


1 Plenti, A. A., in “Gestation: The Origin of Amniotic Fluid’, ed. 
C. A. Villee (Josiah Macy, Jr. Foundation, New York, 1957). 
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* Bourne, G. L., Amer. J. Obstet. Gynec. (in the press). 

* Jackson, S. F., Proc. Roy. Soc., B., 144, 556 (1956). 


* Pearse, A. G. E., “Histochemistry, Theoretical 
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Regular Micropulsations of the Earth’s Field 
at the Equator 


HE diurnal variation of occurrence of regular 
i Poi of the Earth’s magnetic field has been 
by many workers and it has been found, in all 
the phenomenon is pre- 
ce. Typical of the results of 
re. those obtained in Ger- 
or periods of 30-60 sec. 
requency of occurrence at 









‘Obtained: in i S.S.R. by Mme. Troitskaya?, are 
_. representative of that experimental approach and 
they show a maximum frequency of occurrence 
<o around 11-13 hr, Laer. Most of the results reported 
have been confined to mid-latitude stations. 
oo At the symposium on “Rapid Variations of the 
-Earth's Field” held at Utrecht in September 1959, 
IT gave a brief report of an analysis of records of 
ae YaRth currents obtained at Legon, Ghana (lat. 5° 38’, 
-o Na long. 0° 11° W.). This analysis indigated. that, 
> at this station, regular pulsations of Earth currents 
o occur during the night as well es during the day and, 
in fact, that the maximum frequeney of occurrence 
-for the whole day is at approximately 18-20 hr. c.mvr. 
“Phe diurnal variation of frequency of occurrence of 
regular pulsations, pe, for all days, is shown in Fig. la, 
_ which was the result of an analysis of records of Earth 
_ currents obtained between October 1957 and Decem- 
ber 1958. More recently, analysis of magnetic records 
. obtained from an induction magnetometer, recording 
. dH di at the same station, has shown a sifnilar night- 
time occurrence of regular pulsations, in addition to 
the day-time occurrence: normally expected. The 
results of this analysis, which was made for the 
= months of May, June and July 1958, are given in 
Fig. Ib, together with the results obtained from 
records of Earth currents for the same 3 months. 
Both graphs show three maxima, occurring at 6 hr., 
12 hr. and 20 hr., and in each case the night- time 
maximum is the greatost. In fact, there is approxim- 
ately a 50 per cent chance that regular pulsations 
loccur between 19 and 21 hr. It is probable that 
the difference in level of frequencies of occurrence in 
the two cases is due partly to the different sensitivi- 
a if the l telluric and magnetic recording systems, 
an nd ha z ot ne fac that the Earth-current records 


































separate ae iss also been made 
of the degree of subjectivity in 
the examination of records for 
the oceurrence of these regular 
pulsations, by having three ob- 
servers independently analyse the 
same records. In all cases, the 
results gave rise to graphs of very 
similar form to that in Fig. la, but 
the mean value of frequency of 
occurrence differed from one ob- Fig. 2. 
server to another, a factor whieh 
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Fig. 1. Diurnal variation of f frequency. of occurrence, f, of regular i 
pulsations at Legon. gaea N 
December 1958; (b) tellurie and magnetic pulsations for May~. as ARES, 
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May 27, 1958, 2030-2130 hr, (1) E.~W. telluric current; (2) dH/dé; 








Q 4 8 12 16 20 24 
Time (G.M.T.} 


—_ ener 
A T 








seen ind 


Q 4 8 12 16 20 24 
Time (G.M.T.) 





(a) Telluric pulsations for October 1957—- 0. 


July 1958. Tellurie, : + magnetic, — = m = m 


pt N a | 4 





2,100 





Bt 


10 min. 





Example of night pulsations at Legon on both telluric and magnetic traces >< 


(3) N.-S. telluric ae 
current i 


~~ are less well observed in most regions. 
eastern’ America, however, good observations are 
- obtained, and it is found that the Sa waves travelling 
in the uppermost part of the mantle have a velocity 
of about 6-5 km./sec., increasing slightly with depth®. 
















was not of primary importance in the present 
study. : 
“s This analysis of both telluric and magnetic records 
and the independent examination of records by three 
observers confirms the existence of regular pulsations, 
pe, during night-time ag well as during the day, in the 
equatorial region. An example of these night-time 
pulsations, on both Earth-current and magnetic 
traces, is given in Fig. 2. “ah 
The Earth-current results have been further 
analysed to give the diurnal variation of occurrence of 
regular pulsations for quiet days only and for different 
seasons of the year and the results compared with a 
similar study of results from Tamanrasett (long. 22° 
48° N., lat. 5° 31’ E.). Two of the main deductions 
which may be made from this investigation, which 
will be reported more fully elsewhere, are: (1) that 
the frequency of occurrence of regular pulsations at 
night is greater at Legon than at Tamanrasset ; and 
_ (2) that, for quiet days, in the interval 0-14 br., the 
frequency of occurrence of regular pulsations at Legon 
is almost the same as that at Tamanrasset. In both 
cases there is good agreement in this time interval, 
with the occurrence of the phenomenon at other 
stations, ` 


ROSEMARY HUTTON 
Department of Physics, 
University College of Ghana. 


* Angenheister, Von G., Gerlands Beitr. Z, Geophys., 64, 108 (1954). 
* Troitskaya, V. A., Priroda, &, 81 (1955). 


Structure of the Upper Mantle as derived 
from the Travel Times of Seismic P and S 
Waves 


InN a recent investigation! I found the travel times 
of the seismic P waves (longitudinal waves) up to an 
epicentral distance of about 22° to conform with a 
structure below the Mohorovičić discontinuity that 
consists of an upper layer extending to a depth of 
about 220 km. in which the velocity is about 8-1 
km./sec., increasing slightly with depth, and a lower 
layer in which there is a considerable increase of 
velocity with depth; at the boundary of the two 
layers there is an abrupt increase of velocity to about 
8-4 km.jeec. A discontinuous increase of velocity 
has to be assumed because the amplitudes of the 
waves refracted in the lower layer, observable as 
first. arrivals from an epicentral distance of about 15°, 





<o: inerease gradually with epicentral distance, and at the 
lower end. of their time-distance curve there is no 


focal point at which the amplitudes are very large. 
~The transverse S waves in the same distance-range 
In north- 


. They are not observed beyond about 14° epicentral 
` distance and the S phases observed at greater 
distances are delayed. This is explainable on the 


Rr assumption that there is a low-velocity layer extend- 


ing from a depth of about 150 km. to the discontinuity 
surface at 220 km. depth. At this surface there is, 
as for P, a sudden increase of velocity and of velocity 
gradient. 

In Europe the S4 phase of shallow shocks is so 
poorly observed that it was not found possible to 
construct a time-curve for it directly from observa- 
tions. The Jeffreys—-Bullen time-curve was derived 
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from the Sq travel-times for deep-focus shocks. In a 
few shallow earthquakes, however, I now find the 
Sq phase well enough observed to be able to show 
that the travel times are very nearly the same as in 
north-eastern America. 

In shallow shocks the observations of S at distances 
up to about 20° are complicated by the fact that two 
phases, a first small phase and a second larger one, 
appear at intervals ranging from a few seconds at the 
greater distances to 20 sec. or more at the smaller 
distances, and one or the other of the two phases 
may seem to be S. The first phase, which may be 
small enough to escape detection or may be missing, 
is the Sq phase. The travel times of the later phases 
scatter a great deal and it was not previously found 
possible to indicate a structure that would account 
for them. It appears now, however, that a structure 
similar to the one adopted for north-eastern America 


will give rise to phases having travel-times in fair . 


agreement with those of the late 8 phases observed. _ 
From an epicentral distance of about .9° onwards — 
they are explainable as reflexions on, and refractions 
in, the layer below 220 km. depth, their delay against 
Sa being due to the presence of a low-velocity layer. 
At epicentral distances smaller than 9°, second mode 
surface waves seem to be responsible for the late 
phases. 

In earthquakes having their foëi at intermediate 
depth late 5 phases also occur. The S phases ofgsixe 
Rumanian earthquakes having a common focus at 
130 km. depth were examined and found to be in 
agreement with those calculated on the assumptions 
here indicated. 

The travel-times of P were found to be consistent 
with a structure that had no low-velocity layer, and 
although it is physically possible for the velocity of S 
to decrease while that of P does not, yet it seems 
more likely that the P velocities are somewhat 
affected in the layer in which the S velocities are low. 
The velocity distribution for P waves was therefore 
altered so gs to include a layer of slightly smaller 
velocity extending from 150 to 220 km. depth, and 
it was found possible to do this without altering the 
travel-times appreciably. 

Dr. Mark Landisman of the Lamont Geological 
Observatory has given kind assistance in the present 
research, calculating travel times on the Columbia 
University I.B.M. 650 calculator. 

IT. LEHMANN 

Kastelsvej 26, 

Copenhagen. 


* Lehmann, I., Ann. de Geophys., 15, 93 (1959). 
* Lehmann, T., Annali di Geofisica, 8, 351 (1955). 


PHYSICS 


` Adsorption of Helium on Carbons : 
influence on Measurement of Density 


THE magnitude of the adsorption of helium on solids 
is of interest not only theoretically, but also because 
of its relevance to the determination of the density 
of solids when helium is used as the dilatometric 
fluid; in such determinations the adsorption of- 
helium is assumed to be so small as to be negligible. 
We have found that this assumption is not invariably 
correct. 

In the determination of a gas/solid adsorption 
isotherm by use of the conventional vohimeiric 
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, Table 1. HELIUM ADSORPTION COEFFICIENTS AND DENSITIES 
| i 
| | | | K (at 298° K. ! Observed | Corrected 
f Source of carbon | Ref, No, | Ash | 10-4 mL /gm./em. | eras density 
| | ` (percent) | mercury) | (gm./mi.) | (gra./mi.) 
{A) Activated charcoals prepared i | | 
Nutshell | 260 | 3-8 7-3 | 2-256 | 1-984 
Nutshel! 373 5-1 6-7 2-157 1-025 
Coal 372 11-1 | 4-1 | 2-145 | 1-999 
Coal 374 6-7 | 45 2-028 i 1-885 
Anthracite Run 77 | 3-2 | 37 1-932 | 1-824 
Anthracite Run 78 3-8 | 5-2 1-994 1-829 
Anthracite Run 79 5-1 | 5-8 2 -050 1-869 
Anthracite Run 80 6-9 | 6-6 | 2-111 1-892 
_ Wood 403 | 14-0 | 6-4 2:395 i 2-125 
PR , Graphite d (finely ground) 429 2-0 ~ 7 | — — 
bonized coconut shell (no | | l | 
aot tivation) 3100 | 2-5 | 0 1-541 1-541 
Anthracite (per: cent. È == 98-8) 415 i 3°3 ü i-510 1-510 
d a coal l (per cent C = | l l | 
| 4). ae 346 1-25 | 0 1-332 1-332 i 
carbon black | ae 289 | 0-1 | 0 m2 -00 ~2 00 | 
TEN: Boh ade} 





adsorption apparatus, ‘the dead-space within the 
d by application of the gas laws 

to the pressuro/volume data for a given amount of 
=< helium enclosed in the apparatus. Should the 
adsorption isotherm of helium on the solid be linear— 
as is very probable—the adsorption of helium will 
----Yemain undetected during the assessment of the 
dead space of the apparatus ; conversely, the adsorp- 
tion isotherm of helium on a solid cannot be determ- 
ined by conventional means. For the measurements 
_ Seyferted here, the effect of temperature on adsorption 
-has been employed by measuring the apparent dead- 
space of a conventional volumetrie adsorption appara- 
tus, the temperature of the bulb containing the 
adsorbent being changed after each determination. 
The occurrence of appreciable adsorption is shown by 

<o an increase in the apparent dead-space as the tem- 
. perature of the adsorbent is lowered. Our investiga- 
tions have embraced various forms of carbon as the 
adsorbent, and the temperature of the adsorbent 
has been varied over the range 77-580° K. All 
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. 26: nutshell charcoal 
372: coal charcoal 

319: carbonized nutshell 
403: wood charcoal 
418 anthracite 

empty ‘Pyrex’ bulb 
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* Dioui to outgas completely ; pumped at 630° K. for 1 week. | 


adsorbents (with one exception} were out- weed at ee 
630° K. for at least 24 hr. before adsorption mgasure-. _ 
ments were made, and reproducible results were 
obtained with both ascending and descending. a 
temperatures. Seay: 
Several typical sets of results are shown in Fig. 1 Rae | 
which is a graph of the apparent dead-space as a 
function of temperature. In all cases the value of the 
apparent dead-space became constant, or nearly so, 
at the higher temperatures, and the value observed 
at 580° K. has been taken as the true dead-space for 
the purpose of calculating minimum values for the 7 
adsorption of helium at lower temperatures. With a 
all the forms of carbon examined (see Table I) | 
adsorption at 77° and 90° K. was readily observed 
and measured. At 273° K. adsorption was small and: ooo 
varied in extent with the type of carbon. Since our | 
present concern lies with the influence of this. 
adsorption on density measurements, the adsorption _ 
at 298° K. (a common temperature of operation, in. 
such determinations) is recorded in Table 1 as the 
slope of the linear adsorption isotherm (ml. standard : 
temperature and pressure per cm. mercury pressure 
per gm. adsorbent). 
On the basis of these Teta two groups of carbon 
may be differentiated. : 
(A) Carbons which absorb ap pr 
of helium at room temperature, 








eciable quantities 
All the activated 


carbons come into this group. Results so far indicate 


adsorption proportional to surface area ; if the latter 
is assessed from determinations of the heat of wetting 
in methanol, an approximate guide to the extent of 
adsorption at 298° K. on a given carbon is given bythe = > 
proportionality constant 2-1 x 10° ml. helium per = | 
em. mercury per cal. Adsorption at room tempera- == o0 
ture was also observed on a finely divided graphite = 
(nitrogen, Brunauer-Emmoett—Teller area, 625 m.2/ 
m.). Oe ee 
; (B) Carbons for which no adsorption at 298° K. 
has been detected. The following carbons are found = : 
in this group: an anthracite (C = 93-8 per cent dry = > 
ash-free) ; a free-burning bituminous coal (C = 82-4... > 
per cent dry ash-free) (because of the continued evolu- 
tion of gases with increasing temperature, the coal was 
outgassed at 430° K., and the dead-space measured at 
398° K. was taken as the true dead-space) ; carbon- 
ized coconut shell (unactivated); a carbon black 
(particle size 190 from electron micrographs). 
Both the anthracite and the coal gave evidence of 
restricted adsorption at 77° K. (ref. 1). For group A 
carbons the effect of these small adsorptions on the 
measured density is most marked. The densities of 











the carbons as measured by the method of helium 

displacement at 298° K. are given in Table 1; in the 
last column are the densities corrected for the 
observed adsorption of helium. 

The reason for the difference in behaviour of the 
two groups of carbons is not immediately apparent. 
Both groups contain carbons of comparable specific 
area; no correlation with ash content is discernible. 
It appears possible that very small capillaries acces- 
sible only to helium may be present in group A 
carbons ; some support is given to this explanation 
by density measurements using methanol as the 
dilatometric fluid, though this interpretation is 
dependent on the value assigned by Franklin? to 
the correetion for adsorption of methanol. 

F. A. P. Macas 
P. H. SCHWABE 
J. H. WILLIAMS 
War Department, 
Chemical Defence Experimental Establishment, 
* Porton, Wiltshire. 
April 5. 
+ Manga, A A. P., Nature, 189, 269 and 798 (1952); Research, 8, 5,13 
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* Franklin, R. E., Trans, Farad. Soc., 45, 274 (1949). 


A Self-supporting Metal Fresnel Zone- 
plate to focus Extreme Ultra-violet 
and Soft X-Rays 


In the wave-length region between 10A. and 
1000 Å., ordinary lenses and mirrors fail as image- 
forming devices because the transmissivity and 
reflectivity of materials are very low. In this region 
diffraction offers a means of bending rays and focusing 
them. 

We have produced a Fresnel zone-plate consisting 
of 19 metal zones held together by thin radial struts 
so that the transparent zones are empty. This permits 
soft X-rays and ultra-violet radiation to pass through 
and be focused. The device has been tested with 
visible light and ultra-violet light down to 2537 A. 
It behaves as expected in terms of speed and resolu- 
tion, leading to the belief that it should focus well 
even at wave-lengths less than 100 A. 

The zone-plate has a central circle of diameter 
0-04 cm., an outer circle of diameter 0-26 cm., and is 
- about 10 microns thick. The narrowest gold band 
has a width of 20 microns. It was made by the 
Buckbee Mears Company of St. Paul, Minnesota, by 
techniques that are an outgrowth of the lithographic 
art. 

_ The zone-plate was better than the optimum pin- 
hole by a factor of 6 in resolution and 40 in speed. 
Pictures of fine-mesh screens showed that its resolu- 


tion compared favourably with that of a simple plano- 


~~ convex lens of similar aperture and focal length. The 


a lens was about 20 times faster than the zone-plate 
->in visible light, but at 1000 A. the zone-plate would 


have been much faster than a lens of any known 
material. Tests made at 6700, 4358 and 2537A. 
showed that the resolution improved, as would be 
expected from the Rayleigh criterion, auguring well 
for resolution at 100 A. 
to increase the speed of the system, possibly by some 
television-type scanning and integrating device. 

We may gain some idea of possible future uses 
of a zone-plate X-ray telescope in an orbiting satellite 


DEROAN 
ai i 
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above the Earth’s absorbing atmosphere by consider- 
ing the results of an experiment at 2537 A. and 
extrapolating. At 2537A. the angular resolution 
was close to the theoretical value of 1-2 x 10-4 radian 
and held over a field of at least 1-75 x 10-* radian, 
which is 2-0 times the angle subtended by the Sun's 
disk at the Earth. 

A detailed paper on this investigation is being 
submitted to the Journal of the Optical Soetety of 
America, 

ALBERT V. Barz 
Smithsonian Astrophysical Observatory, 
Cambridge, Massachusetts. 


Interpretation of Intensity Distributions in 
the Nz Lyman-Birge~Hopfield and CO Fourth 
Positive Band Systems 


In much of the early spectroscopic literature the a 
photographie density (measured or estimated by eye) 


of spectral features is reported, in addition to wave- 
lengths, as an aid to identification. In many mole- 
cular band systems in the vacuum ultra-violet region 
(which are becoming of increasing interest in astro- 
physics and plasma physics and the intensities of 
which, in emission, are relatively difficult to measure) 
the early data on photographic blackening are still 
the only experimental information on band intensities, 
available. i 

Until reliable measurements of intensities have 
been made, it is therefore worth while to inquire into 
what quantitative conclusions, if any, may be drawn 
from the plate blackenings. 

A simple method was developed some years agot,? 
by which a test of quantitative significance is first 
applied to the blackening data, after which quantita- 
tive conclusions may be drawn from analysis of those 
data which are retained as meaningful. This method 
has now been applied to blackening data reported 
for the N,(atil, — X1X,*) Lyman-—Birge—Hopfield and 
the CO(A'TT — X'X*+} Fourth Positive band systems 
which are comparable transitions of isoelectronic 
molecules and lie in the vacuum ultra-violet region 
between about 1250 A. and 1850 A. 

It has been shown!, for molecular band systems, 
that the plate blackening B; is related (a) to the 
emulsion response parameters: contrast ya, and 
inertia J,,: (b) to the molecular parameters : wave- 


length d»,*, Franck-Condon factor qye, electronic | 


transition moment R,(r), and r-centroid ry; and 
(c) tothe population Ny in the vibrational level v’ by : 
By = y; [constant — log Ie + log Ny + log gy — 
4 log hoy + 2 log Rely) * (1) 
The test of quantitative significance is to plot 
Bı against log qyy — 4 log dy» for each e” 
progression (v’ = constant). Meaningful data fall 
on straight lines of roughly equal slope y4 for each 
progression. Aberrant B, values are rejected. The 
relation between log #,(r) and ry,» may then be 
found by plotting Ba/fya +4 log Aye — log gyv 
against Pyp (Or Ayr, AB Tygr and Ay: are monotoni- 
cally related’) for each progression. The segments, 
one for each progression, will be displaced in relative 
ordinate by amounts depending upon the influence 
of Ny, from which the distribution of Ny with v’ 
ean be found. Objective rescaling of the segments 
leads to a graph of 2 log Rdr) + a constant versus 
Typy (OF Ayy”) for the entire band system. 
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This procedure has been carried through for the 
blackening B; and wave-lengths dy, reported by 
Headrick ‘and Fox‘ for the CO Fourth Positive system 
and by Birge and Hopfield’ for the N, Lyman- 

- Birge-Hopfield system. Franck-C ondon factors 
< were available for each system®? as were r-centroids*.®. 

In the graphs actually made, however, it was sufficient 
to plot Baya + 4 log Aye — log Qoy” versus Agry’. Data 

- were found to be meaningful for 19 bands of six pro- 
= gressions (v’ = 0-5) for the Lyman--Birge—-Hopfield 
_. system, and for 11 bands of four progressions (v = 
~..0, 1, 3, 4) of the CO Fourth Positive system. In both 
cases the graph of Bjlya + 4 log dee — log quv 
versus y was parallel to the yẹ axis, which is 
<` good evidence that R,(7) must be almost independent 
z OFF, and thus constant, for each system. 

It may therefore be concluded that for these two 
bands systems the (7’v”) array of relative vibrational 
transition probability : 

ee Pu z= R, (ry p Yor’ (2) 
which, influences, the intensity J,” in emission of the 
ee” band through : 

: Iye X Ny per |My (3) 
is probably, therefore, well represented in each case 
by the respective Franck—Condon factor gy» array. 

R. W. NICHOLLS* 

National Bureau’ of Standards, 


os -@ Washington 25, D.C. 
Jan. 11. 


* Temporarily on leave of absence from the University of Western 
Ontario, London, Canada. 


-* Nicholls, R. W., Can. J. Phys., 32, 722 (1954). 
* Nicholls, R. W., “The Airglow and the Aurorae’’, edit. by Armstrong 
E., and Dalgarno, A., 302 (Pergamon Press, London, 1956). 
3 TO R. W., and Jarmain, W. R., Proc, Phys. Soc., A, 69, 253 
56), 
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Millimetre Waves from Mercury Arc 
Harmonic Generator 


Tux use of very small mercury arcs for the purpose 
of harmonic generation from a microwave input at 
2-5 Ge./s. has already been described!. I wish now 
to report the preliminary results obtained with a 
driving frequency of 35 Ge./s. 
© For operation at this high frequency, the arc was 
formed ebetween a vertical tungsten wire ‘anode’ 
mounted parallel to the electric vector of the micro- 
wave field across a Q-band wave-guide of stainless 
steel, a mercury pool cathode forming the lower sur- 
. face of the wave-guide. Harmonies generated by the 
=o are were collected by means of a smaller wave-guide 
- protruding perpendicularly through the side wall of 
the Q-band guide. The whole device was filled with 
argon gas at 20 atmospheres pressure, mica windows 
> permitting the entry and exit of microwave power. 
< The level of the mercury surface could be varied by 
ze. tilting, and the length of the arc was thus adjusted 
<: to be less than 0-5 mm. 

The 35 Ge.js. drive was supplied by a continuous- 
wave klystron supplying about 1 watt into the dis- 
charge, an 8-volt d.c. supply connected across the 
arc causing a noticeable increase in efficiency of 
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harmonic production. The combined rectified current 
was about 100 m.amp. 

The highest harmonic found so far is the sixth, 
corresponding to a frequency of 210 Ge./s. and a 
wave-length of 1-43 mm., the receiver being a Golay 
infra-red detector. It has not yet been possible to 
‘match’ the are to the output circuit, so that the 
power reaching the detector at 210 Ge./s. is quite small 
(rather less than 10- è watt); butifan efficient coupling 
can be devised it should be possible to extract up 
toʻa hundred times this power from the discharge. 
The power in the fourth harmonic (2-15 mm. wave- 
length) is about 15 db. greater than that in the sixth. 

The work described here forms part of the research 
programme of the National Physical Laboratory, and 
this communication is published by permission of the 
Director of the Laboratory. 

K. D. FROOME 
Standards Division, 
National Physical Laboratory, 
Teddington, Middlesex. + 
i Froome, K, D., Nature, 184, 808 (1959). 


METALLURGY 


Crystal Growths and the Corrosion of iron 


THE effect of climate on the corrosion of iron has 
been the subject of many studies. Hudson! and 
more recently Copson? have summarized studies on 
the rate of corrosion of ingot iron in dry and moist 
climates and in industrial and marine atmospheres. 
Ingot iron in the dry atmosphere of Khartoum, Egypt, 
corroded at arate of 28 millionths of an inch a year 
while a specimen in the wet country atmosphere of 
Llanwrtyd Wells, England, corroded at a rate of 
1888 millionths of an inch a year. 

Critical laboratory studies by Vernon®* on the 
offect of humidity on the corrosion of iron led to the 
generalization known as the “Principle of Critical 
Humidity”. For iron, at 25° C., the rate of corrosion 
increases rapidly for humidities above 65 per cent. 
Dry oxidation is assumed to change to a rapid electro- 
chemical attack. Local electrochemical action is 
assumed to occur between local anode and cathode 
areas through an invisible adsorbed film of water. 

This model of localized electrochemical action is the 
basis of present-day interpretation of wet corrosion. 
For pure single-phase metals the sites for local 
cathodes and anodes have not been identified. Part 
of the difficulty is that liquid-phase corrosion reactions 
on iron are complex since hydrated oxides are often 
formed and the corroding metal may be removed from 
the reaction site. 

Gulbransen and Copan? proposed that localized 
chemical reactivity in corrosion processes could be 
studied in gas phase reactions at elevated tempera- 
tures using more nearly ideal reaction conditions and 
pure metals. Since localized corrosion processes 
may be the result of dislocations and other defects 
which occur on an atomic scale, it is necessary to use 
high-resolution electron microscope methods. 

To show the effect of water vapour on the corrosion 
of iron, we exposed annealed pure zone-refined iron 
wires to oxygen, water vapour and several gas mix- 
tures of water vapour and oxygen. The 0-0225 em. 
wires were treated In a special reactor system 
at 450° C. for 48 hr. For these conditions electro- 
chemical action and solution of the corrosion product 
in a liquid phase are eliminated. The complex 




















Fig. 1. Effect of moisture on crystal habits of the corrosion 
products formed on iron after reaction at 450° C. for 48 hr. in dry 
oxygen 


hydrated oxides also are not stable. Electron 
microscope and electron diffraction studies were made 
of the edge of the wire specimen after reaction. 

Figs. 1 and 2 shows two electron transmission 
micrographs of the crystal habits of the localized 
corrosion products. Fig. 1 shows small oxide whiskers 
were formed when iron was treated with dry oxygen 
of dew point — 79° C. These whiskers were 150- 
200 A. in diameter and grew to an average height of 
about 8000 A. Electron diffraction analyses showed 
the whiskers to be only a-Fe,0,. These whiskers 
were formed in addition to the normal oxide film. 
Fig. 1 suggests that the nucleation sites on the metal 
or on the oxide were 150-200 A. in diameter. Since 
the diameter was constant along the length of the 
whisker, we conclude that the length of the nucleation 
sites remained constant as the whisker grew. The 
area of the nucleation site appeared to be independent 
of time or the extent of oxidation. 





Fig. 2. Effect of moisture on crystal habits of the corrosion 
products formed on iron after reaction at 450° O. for 48 hr. in 10 
per cent water plus 90 per cent oxygen 
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Fig. 2 shows the crystal habits formed when iron 
reacts with a 10 per cent water vapour + 90 per cent 
argon mixture at 450° C. for 48 hr. Many thin blade- 
shaped platelets were formed. These were 100- 
200 A. thick, up to 8000 Å. long, and up to 70,000 A. 
high. Electron diffraction analyses showed these 
platelets to be only «-Fe,0,. The surface density 
was estimated to be about 10°/em.?. 

The shape of the oxide platelets suggests that the 
site for reaction enlarges as the reaction proceeds, 
whereas in the iron—oxygen reaction the site remains 
of constant area. The constant thickness of the 
platelets suggests that the width of the nucleating 
area remains constant. One explanation for the 
effect of water vapour is that hydrogen ions from the 
water vapour act to enlarge the area for reaction. 

After 48 hr. of reaction the site areas are fifty times 
the areas observed for the dry oxygen reaction. The 
total amount of oxide in the form of localized corrosion 
products for the water vapour reaction is about four 
hundred times that formed in the dry oxygen reaction. 

These experiments made at 450° C. may help to 
explain the unique effect of water vapour on the 
corrosion of iron at ambient temperatures. Certain 
differences of course exist. The corrosion-rate will 
be slower, hydrated oxides may form instead of 
é-Fe,O;, the corrosion product may dissolve in the 
liquid phase, and electrochemica? action may be 
present. The important factor which has not bene 
foreseen in earlier studies is the accelerating effect 
of water vapour itself on localized corrosion in the 
absence of electrochemical action. 

EARL A, GULBRANSEN 
THomas P. Copan 
Westinghouse Research Laboratories. 
Pittsburgh 35, Pennsylvania. 


* Hudson, J. ©., “Corrosion of Iron and Steel”, 93 (Chapman and Hall, 
1940), 


* Copson, H. R., Corrosion, 533 (October 1959). 
* Vernon, W. H, J., Trans. Farad. Soċ., 28. 166 (1927). 
* Vernon, W. H. J., Trans. Farad. Soc.. 27, 264 (1931). 


* Gulbransen, E9 A., and Copan, T., P., “Physical Metallurgy of Stress 
Corrosion Fracture”, 155 (Interscience Pub., New York, 1960). 


ENGINEERING 


Tensile Behaviour of Pyrolytic Graphite at 
2,750° C. 


ENGINEERING stress-strain curves have been 
obtained at temperatures of 1,650-2,750° C. for a 
pyrolytic graphite which had been heated to 2,870° C. 
Changes in the crystal structure as determined by 
X-ray diffraction and changes in the microstructure 
caused by the heating and straining havé been 
observed. 

According to the manufacturer (Raytheon Manu- 
facturing Company) the polycrystalline material 
tested was deposited at 2,100° C. on a substrate of 
synthetic graphite by decomposition of a methane- 
hydrogen mixture. The as-deposited material had a 
density-range of 2-19-2-21 gm./c.c. and, as shown in 
Fig. 1, hada ‘block-like’ structure of conical elements 
called ‘growth cones’. From the surface appearance 
of the specimen blanks it was possible to divide them 
into four classes according to the size of the visible 
‘growth cones’. All specimens were heated in argon 
to 2,870° C., held for 5 min., and cooled to room 
temperature prior to testing. 

The details of the testing method and equipment 
used have been described previously'.*. All specimens 
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Fig. 1. Microstructure of pyrolytic graphite 


had a gauge section 0-75 in. long by 0-06 m. wide by 
0-1 in. thick and were taken from blanks 3 in. long by 
0-75 in. wide by 0-1 in. thick with the thickness 
direction perpendicular to the basal planes. In some 
cases the as-deposited material was greater than 
0-25 in. thick, so that it was possible to obtain 
specimen blanks 0-1 in. thick from the material 
deposited during the latter part of the process 
(Table 1 ‘Top’), and also from the material deposited 
during the early part of the process (Table 1, ‘Sub’). 
The stress was applied parallel to the basal planes at a 
cross-head speed of 1-5 x 10-* in./sec. All elevated 
temperature tests were made in helium. 

Results obtained are given in Table 1. These are 
in general agreement with preliminary results previ- 
ously reported*, The present specimen configuration 
permitted measurement of ductility and confirmed 
the previous indication that at temperatures above 
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Table 1. TENSILE PROPERTIES OF PYROLYTIC GRAPHITE 
Location® of 
Visible specimen and Test Ultimate 
growth thickness of tempera- tensile Elongation 
| cone size as-deposited ture strength |in 0-75 in. 
| material (in.) CO (Ib./in.*) | (per cent) 
Medium ĉ. 0:17 | Room 9,050 | 0-1 
Medium tine Top 0-25 Room 10,670 0-1 
Fine Sub 0°27 Room 9,260 | 0-1 | 
Medium fine Top 0-25 Room 6,510 0-2 
Fine Sub 0°27 1,650 19,470 4-4 
| Medium ê. 0-17 1,650 3,490+ 0-1 
Medium fine Sub 0°25 1,650 15,930 4-0 
Coarse ĉ. 0:10 2.200 | 9,300 2'8 
| Medium fine Top 0°25 2,200 15,670 1-8 
Fine Top 0°27 2,200 19,420 2-8 
Medium ĉ. 0:17 2,500 34,100 7-6 
Medium fine | Top 02 2,500 | 34,110 55 | 
| Fine Top 0-27 2,750 29,680 240 | 
Fine | Sub 0-27 2,750 60,860 59-2 | 
Fine | Top 0°27 2,750 31,600 18:2 
Fine | Top 0-27 2,750 50,310 26-4 
| | 








All specimens heated in argon to 2,870° C. for 5 min, and cooled to 
room temperature before testing. 

*c, Centre of specimen at centre of as-deposited material; Top, 
specimen from top 0-1 in. of as-deposited material; Sub, gpecimen 
from bottom 0'1 in. of as-deposited material. 

t Fracture occurred at growth cone. 


1,650° C. pyrolytic graphite has greater ductility 
than commercial synthetic graphite. 

The microstructure before and after deformation 
at 2,750° C. is shown in Fig. 1. As seen, a marked 
change has occurred after tensile deformation in that 
the ‘growth cone’ structure has almost disappeared. 
This is true after 18 per cent as well as after 60 per 
cent deformation and is similar to the change reported 
by Pappis‘. No change in microstructure was 
observed to be produced by heating at 2,870° C. 


Spectrometer tracings (Fig. 2) show the effects of 


heating and tensile deformation on the three- 
dimensional graphite ordering. After the as-deposited 
material was heated to 2,870° C. and after 18 per cent 
deformation at 2,750° C. there appeared to be partial 
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Fig. 2. Development of modulations in the (10) X-ray reflexion 
of pyrolytic graphite with heating and straining 
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>. deformation at 2 
= plete ordering, as indicated by the complete splitting 
> of the two dimensional (10) reflexion into the erystal- 
line (100) and (101) reflexions. 
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2,750° C. there appeared to be-com- 
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- ‘This communication presents the results of one 
-phase of research carried out at the Jet Propulsion 
Laboratory, California Institute of Technology, under 
‘Contract NAS w-6, sponsored by the National 
a Aeronautics and Space Administration. 
E H. E. 

W. V. 

Jet Propulsion Laboratory, 
California Institute of Technology, 
Pasadena. 
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CRYSTALLOGRAPHY 


Effect of a Second Crystalline Modification 
in Polyethylene on X-Ray Crystallinity 
Measurements 


From several investigations it is known that in 
solid polyethylene which has undergone severe 
mechanical treatment a second crystalline modifica- 
tion may occur besides the normal rhombic one’. 
In the X-ray diagram the strongest reflexion of this 
second modification coincides with the maximum in 
the so-called amorphous band (the broad halo of 
diffraction emanating from the amorphous regions). 
In view of the fact that the amorphous band in 
unbranched polyethylenes appears to be abnorm- 
ally narrow, Slichter? suggests that the second 
modification also occurs in undeformed polyethylene. 
In this communication I want to point out that this 
suggestion may explain certain anomalies in the 
results of the density and crystallinity measurements 

described below. 

.. If polyethylene is assumed to consist of an amor- 
phous. and a rhombic crystalline phase only, the 
density dio, is related to the crystalline fraction ọ as 
follows : 


den fh g 


where dj, and kea are the (rhombic) crystalline and 
amorphous densities, respectively. Originally, our 


aim was to find dam- values for different specimens from 
z -measurements of the quantities diotse den and o. The 
measurements were made as follows: 
< determined at 23° C. by a flotation method. 
was caleulated from the cell dimensions, which were 


(1) iot was 
(2) drn 


determined from the X-ray diffraction angles of the 
(200), (020) and (011) reflexions. The polyethylene 
‘samples were mixed with sodium chloride which served 
a8 a standard. (3) The crystalline fractions were 


- measured by Krimm and Tobolsky’s* X-ray method. 


In this method the intensity of coherent scattering 
from the amorphous fraction is compared with the 
corresponding intensity from the molten sample. The 
necessary monochromatization of the X-ray beam was 
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e 
obtained by the double filter technique of Ross‘ as 
described by M. Kakudo and R. Ullman (private 
communication). 

Altogether five different polyethylene samples 
were investigated, each bemg cooled from the melt 
at four different rates. 

In Fig. 1 both the measured values of dp, and drot 
and the calculated values of dam are presented as 
functions of the crystallinity 9. (The curve through 
the points diog is based on some twenty more inciden- 
tal measurements, which are not shown in the 
figure.) . 

This graph is not satisfactory for two reasons. 
First, the calculated values of dam are in the range 
0 -865-092 gm./em.*, which is much higher than that 
found by extrapolating the density of molten poly- 
ethylene to room temperature (0-83-0-85 gm. /cm.%). 
The maximum density to be expected for amorphous 
polyethylene can be estimated by calculating the 
density of a hypothetical phase in which the chain 
molecules are parallel and close-packed, and can 
rotate around their chain axes. With the shortest 
possible distance between the centres of the chains 
(4-95 A.), the calculated density is 0-86 gm./em.’, 
which is lower than the values shown in Fig. L 

Secondly, the extrapolated curves for dig, and drh 
should intersect at ọ = 1, which they clearly do not. 

A possible explanation of these discrepancies is 
that some systematic error was made in our measure- 
ments. This explanation seems to be supported by 
the fact that the density- crystallinity relation d'tot 
(Fig. 1), which was obtained in our laboratory from 
infra-red measurements, leads to much higher 
crystallinities and can moreover be extrapolated to 
intersect the d;p,-curve at p = The line d%,4 also 
agrees with nuclear magnetic resonance measurements 
made in our laboratory of the ‘mobile’ fraction in 
different polyethylene samples at room temperature. 

However, the differences between the amorphous 
fractions following from the lines diot and d'tots 
respectively, seem to be too large to be attributable 
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to experimental errors alone. We believe that the 
discrepancies must be explained by the above- 
mentioned suggestion, namely, that also in normal 
polyethylene a second crystalline modification is 
present. In the X-ray method this fraction is ‘seen’ 
as amorphous, in the other methods as crystalline. 

This view 1s supported by measurements of the 
integral breadth of the amorphous band, from which 
it followed that for highly crystalline samples this 
breadth is only about two-thirds of the value found 
for molten polyethylene. This agrees with the idea 
that a (perhaps highly broadened) crystaline peak is 
hidden under the amorphous band. 

If this explanation 1s assumed, the fraction 9, 
of the second modification may be roughly estimated 
to correspond with the horizontal distance between 
the lines dtot and d'tote Using for the density d, of 
the second modification the value suggested by Teare 
and Holmes (0:965 gm./cem.*, ref. 1), the amorphous 
density may now be calculated anew from the relation : 


I Pih Ps 1 — 


This leads to values of about 0-84 gm./cm.* for all 
samples, which is in good agreement with the range of 
values found by extrapolation of the density of molten 
polyethylene. 

I am indebted, to Dr. Westrik for many helpful 
,cuggestions. The density, infra-red, and nuclear 
pibeicue resonance measurements were made by 
Dr. Fortuin, Dr. Veerkamp and Dr. Smidt, respec- 
tively, who kindly gave me permission to use their 
results in this discussion. 

C. G. VONK. 
Central Laboratory, 

Stastsmijnen in Limburg, 

Geleen, The Netherlands. 
1 Teare, P. W., and Holmes, D. R., J. Pol. Ser., 24, 490 (1957). 
t SUchter, W. P., J. Pol. Sci., 21, 141 (1956). 
? Krimm, 8., and Tobolsky, A. V., J. Pol. Sci., 7, 57 (1851). 
t Ross, P, A., J. Opt. Soc. Amer., 16, 433 (1928), 


CHEMISTRY 


Preparation of Pure Standard Metallic 
Perchlorate Solutions 


AOID-FREE standard solutions (0:05 M) of the 
perchlorates of the divalent metals copper, nickel, 
cobalt, iron, zme and manganese suitable for use in 
the determination of stabilty constants of chelates 
by the potentiometric method can be prepared 
utilizing an ion-exchange technique. A column 
1-6 om. diameter contaming 50 ml. ‘Amberlite’ cation 
exchange resin IR 120(H) is treated with a solution 
(0:1 M) of the pure sulphate or chloride of the divalent 
metal until the pH’s of the entrant and issuing solu- 
tions are identical. After eluting the excess metal 
salt solution with water the metal ions bound to the 
resin are displaced by passing a pure solution of 
barium perchlorate (0 052 M) on to the resin. Since 
barium ions have a stronger affinity for the resin 
than the divalent ions of copper, nickel, cobalt, tron, 
zinc and manganese, the latter are displaced and the 
barium-free fractions of the eluates contain the pure 
perchlorate solutions of these metals. A yield of 
about 400 ml. 0 05 M metal perchlorate solution is 
obtained under these conditions. An analysis of each 
of the solutions was carried out using both gravı- 
metrio and ion exchange methods. In the latter a 
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20-ml. portion of the metal was passed on to a small 
column of ‘Amberlite’ resin JR 120(4) and the eluate 
titrated with standard alkali. The results obtained 
by the two methods agreed to within 0:3 per cent. 

The ferrous perchlorate solution oan be con- 
veniently stored in the ion exchange column which, 
for ease of dispensmg, is connected to a burette fitted 
with an oxygen trap. The solution should be standard- 
ized immediately before use and contains less than 
10 p.p.m. Fe*. In order to obtain a maximum yield 
it is necessary to exclude air from the solutions used 
for the quantitative conversion of the resin into the 
form (RSO,),Fe. However, while the yield is 
lowered by the presence of Fe*t on the resin the purity 
of the ferrous perchlorate is not affected since during 
the subsequent treatment with barium perchlorate 
only ferrous ions are displaced from the resin. 

E. P. Sersmant 

Department of Analytical Chemistry, 

University of New South Wales, 

Box 1, P.O., Kensington, 
New South Wales. 


Catalytic Effects in the Alkaline Oxidation 
of Ceilulose 


Michie and Neale! have reported results which 
suggest that copper has an unexpectedly high catalytic 
effect m the reaction of cellulose with oxygen in the 
presence of low concentrations of alkali. By com- 
paring their observed rate of reaction for copper- 
treated cotton containing fully carbonated sodium 
hydroxide with a value calculated from Davidson’s* 
results for the uncatalysed reaction at high sodium 
hydroxide concentration, they deduced that the 
copper increased the rate by a factor of 80 or more. 
Very much smaller increases, namely, less than ten- 
fold, had been found by other workers, concerned with 
alkali concentrations of 5 N or higher, on addition of 
metalhe catalysts. 

A more direct demonstration of a large catalytic 
effect at fairly high alkali concentration is provided 
by the results in Fig. 1, which shows the variation of 
the initial rate of oxygen consumption of jute fibre 
at 60°C. with the iron content of the fibre. The 
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natural iron content of jute fibre is normally in the 
range 250-500 ugm./gm., and the samples used in 
these experiments included untreated fibre, fibre 
treated with acid to reduce the iron content, and 
fibre impregnated with different amounts of ferric 
sulphate. The rate at which oxygen was consumed 
by the fibre was determined from the fall in pressure 
in a closed vessel, filled with pure oxygen, in which 
the powdered fibre, moistened with a measured 
volume of sodium hydroxide solution, was spread 
over the inner surface. The oxygen uptake was 
normally lnear with time over the first few hours 
and thereafter gradually decreased. An induction 
period, such as found by Davidson! for cotton, was 
not observed with jute fibre. The rates plotted in 
Fig. 1 were estimated from the slope of the initial 
linear portion of the uptake curves. The two lines, 
A and B, sre drawn through points for two sets of 
experiments in which different quantities of sodium 
hydroxide were added to the fibre, as follows: 
A, 2-67 ml. 3 N sodium hydroxide per gm. of fibre 
(8 m.equiv. sodium hydroxide/gm.). 


B, 1-33 ml. 3 N sodium hydroxide per gm. of fibre 

(4 m.equiv. sodium hydroxide/gm.). 

These results demonstrate two pomts of interest : 

(a) Over the range of iron contents covered, the 
rate of reaction increases linearly with the iron con- 
tent. In the results of set B a catalytic factor of 
about 40 is involved on mecreasing the iron concentra- 
tion from zero to the highest experimental iron con- 
tent of 2,170 pgm./gm. Other experiments at higher 
iron contents, however, showed that the linear rela- 
tion did not hold above 2,000 ygm./gm., the rate 
apparently becoming independent of iron concentra- 
tion, m agreement with the conclusion reached by 
Michie and Neale’. 

(b) The ratio of the slopes of lines A and B is 
very close to 2-0, indicating that the rate of reaction 
is proportional to the weight of sodium hydroxide 
per unit weight of fibre and not to the concentration 
of the sodium hydroxide solution applied to the fibre. 
This relationship is confirmed by the results in Fig. 2, 
which shows the uptake of oxygen with time of 
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samples of natural jute fibre moistened with different 
volumes of sodium hydroxide solutions of various 
concentrations. The group of solid lines, for a constant 
weight of 4 m.equiv. sodium hydroxide per gm. of 
fibre, indicates a rate of oxygen consumption that 
is constant within the reproducibility of these experi- 
ments, although the concentration of the alkali solu- 
tions varies from 1-5 N to 6N. If this relationship 
applies to cotton as well as to jute, the finding of 
Michie and Neale! that the rate of oxidation is to 
a first approximation proportional to the sodium 
hydroxide concentration would seem to be valid only 
if equal volumes of alkali solution were applied to a 
given. weight of fibre. 


VOL. 186 


W. A. BELG 
British Jute Trade Research Association, 
Dundee. 


1 Michie, B. I. O., and Neale, S. ML, Nature, 188, 584 (1959). 
7 Davidson, G. F., J. Tert. Inst, 28, T95 (1982). 


Infra-Red Spectra of Deoxyribonucleic Acids 
from Human Leucocytes 


As part of a study on the physico-chemical 
behaviour of deoxyribonucleic acid obtained from 
human leukemic leucocytes, we have examined the 
infra-red spectra of many normal and leuksmic 
samples in solutions in water and deuterrmm and in 
the dry state. Since we did not find complete aggeee 
ment between previous reports of the infra-red 
spectra of calf thymus deoxyribonucleic acid!-*, we 
have also studied samples from this source. The 
effects of heating, pH changes, degradation with 
deoxyribonuclease, mild and strong acid hydrolysis 
were examined and the spectrum of apurinic acid has 
also been determined. 

A Perkin-Elmer, model 21, double-beam spectro- 
meter with sodium chloride and calcium fluoride 
optics has been used. With slit-widths narrower than 
those used by Blout and Lenormant* and with suitable 
adjustments, we were able to improve the resolution. 
The deuterium solutions were prepared in the manner 
described’ by previous authors‘. 

The samples were examined in demountable cells 
of thallium bromo-1odide with spacers of 0-015 mm. 
In order to avoid the small lack of compensation 
due to absorption by atmospheric water in studying 
details of the bands in the region between 1,700 and 
1,500 om., we flushed the spectrometer with dry 
nitrogen. 

The spectra were observed in the regions: dry 
state, 4,600-650 om.-!; deuterium solution, 3,000— 
650 om.-!; water solution, 1,500-850 cm.. All 
samples of deoxyribonucleic acid from normal and. 
leukzemic sources had identical spectra. The physical 
or chemical treatments resulted in the same spectral 
modification for all samples. 

The spectrum of deoxyribonucleic acid in deuterium 
solution, ın the region between 1,700 and 1,500 cm.~!, 
shows the following bands: 1,575 om.-!(w) with a 
shoulder at 1,563 eom.-!; 1,622 om.-1(m) ; 1,645 em.~} 
strong and sharp; 1,680 cm.-! strong and broad. 

These results are in agreement with those obtained 
by DeLozé* for calf thymus deoxyribonucleic acid at 
100 per cent relative humidity in deuterium, except 
that we did not find the band at 1,695 om.-! m any 
sample. 

The physical and chemical treatments mentioned 
above induce no change in the frequency or shape of 
the band at 1,575 cm-t, though the band becomes 
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stronger at pH 13. This band does not appear in the 
spectrum of apurinic acid. The band at 1,622 cm.-? 
has been found m the spectra of all samples: it 
became sharper after treatment with deoxyribo- 
nuclease or upon change of pH. For all samples, the 
band at 1,645 cm.-! completely disappears after acid 
hydrolysis or treatment with deoxyribonuclease and 
is replaced by a strong band at 1,660 cm.-'. On 
heating at 100° the band at 1,660 cm.-! becomes 
broader. The band at 1,680 om.~! which is strong and 
broad in the original spectrum decreases consider- 
ably, but does not disappear on treatment with 
enzyme, acid hydrolysis or on heating and there is a 
frequency shift to 1,690 cm.-?. The spectrum of all 
samples of pH 13 shows a new weak band at 1,592 
cm.}, 

These results are of particular interest in relation 
to the nature of the specific interaction between purine 
and pyrimidine units in deoxyribonucleic acid 
structure® °. 

Our observations are in disagreement in some 
respects with previous reports!, and the explanation 
of the spectral changes is still open to discussion. 
Further data are required, and a more detailed 
study of the spectra changes of deoxyribonucleic acid 
under different pH conditions is now being carried 
out. The results and a proposed interpretation will 
be published elsegvhere. 

In previous determinations of infra-red spectra of 
deotyribonucleio acid in mineral oil suspension, 
preparations of myeloid leukwmia leucocytes were 
found to exhibit a band which was not present in 
preparations from normal leucocytes*®. The results 
of the present work, however, do not confirm this 
observation. 

We are indebted to Dr. E. Mantica for his interest 
and helpful discussion. 

G. ZERBI* 

Istituto di Chimica Industriale 

del Politecnico, Milano. 
P. A. BIANOHI 
E. E. PoLLI 
Istituto di Clinica Medica Generale, 
Università di Milano. 
i miket T ere a of Minnesota School of Chemistry, 
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Use of Solvents containing Ethyl lodide 
in the Investigation of Phosphorescence 
Spectra of Organic Compounds 


M. Kasma! has suggested that the yellow colour 
produced when «-chloronaphthalene and ethyl iodide 
are mixed is due to the enhancement of the lowest 
singlet—triplet absorption band of the naphthalene 
molecule. He interpreted this effect in terms of a 
collisional perturbation of spin-orbital coupling in 
the aromatic molecule, by the heavy iodine atom. 
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The singlet—triplet absorption bands reported for 
benzene by a number of workers? as well as those for 
a wide number of other aromatic molecules have 
been shown by Evans? to be due to spin orbit per- 
turbation by the inhomogeneous fields of dissolved 
paramagnetic oxygen molecules. The perturbing 
effects of ferric and cupric acetonyl acetonates have 
also been, demonstrated‘, 

It was thought that a similar effect of perturbation 
might be observed durmg phosphorescent emissions 
from organico compounds, both by increasing the likeli- 
hood of phosphorescent return to the ground-state, 
and by in ing the conversion from the excited 
singlet to triplet states. The effect of ethyl iodide on 
the emissions of the eight isomeric dinitronaphtha- 
lenes, and on N,N-dimethyl-4-nitroaniline, coumarin 
and acid fluorescein was investigated. The phosphor- 
escence spectra were first measured with the com- 
pounds dissolved in a glass made by cooling a mixture 
of four parts of ethanol to one of methanol to the 
temperature of liquid air. The spectra were then re- 
measured in a glass containing one part of ethyl 
iodide to four parts of mixed alcohols. The apparatus 
used was a high-pressure a.c. mercury arc lamp fed 
through a rectifier, and a glass prism spectrometer 
with a photomultiplier at the exit slit. Phosphor- 
escence was identified and recorded by ‘chopping’ 
the photomultiplier current supply so that the sample 
emission was only recorded during the 4 a.c. cycles 
when the lamp arc intensity was zero. The ratio of 
the intensities of the readings obtained for a given 
band with and without the ‘chopper’ was approxi- 
mately 1 : 2 for long-lived phosphors. This is because 
the total luminescence involved viewing for twice the 
time available for phosphorescence ings. For 
short-lived phosphors, this ratio was smaller due to 
the rapid decay of the emission with respect to the 
time of an a.c. cycle. The results of these investiga-. 
tions are shown in Table 1, 1,5-Dinitronaphthalene 
is quoted as typical of the dmitronaphthalene series. 


Table 1 


Oompound 


1,5-Dinitronaphtha- 
len 


e 

N,N-Dimothyl-4- 
nitronaphthalene 

Coumarin 


Acid fluorescein 





In all cases the affect of the addition of ethyl 
iodide was to crease the intensity of the phosphor- 
escence bands and increase the ratio of the total 
lummescence to phosphorescence. Since the phosphor- 
eecence intensity did not appreciably decrease, the 
effect of the iodide on the ratio was not merely to 
increase the radiationless deactivation to the ground. 
state, but must also have increased the probability 
of the triplet—ground singlet transition. This evidence 
would seem to show that even in a rigid glass solvent 
‘heavy atom’ perturbation occurs, thus providing 
the inverse effect of Kasha’s observations. 

Two other effects are of interest: first, the phos- 
phorescence band peaks were shifted towards lower 
energies by about 200-300 om.-!; and, secondly, 
the coumarin and acid fluorescein fluorescence intensi- 
ties were also increased. It is possible that some 
form of complex might lead to charge transfer effects 
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such as those reported by Reids. 
require further investigation. 

It should be noted that, although ethyl iodide is 
well known to undergo photolysis in strong ultra- 
violet light, no appreciable decomposition was found 
under the conditions of the present work. 

We wish to thank Dr. E. J. Bowen for help and 
encouragement. This work was carried out during 
the tenure of a mamtenance grant from the Depart- 
ment of Scientific and Industrial Research by one 
of us (J. M.C.). 
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Lewis and 


Rate of Ligand Exchange with its Metal 
Complex by a Polarimetric Method 


OPTIOALLY active 1,3-propylenediamine tetra- 
acetic acid! (H,PDTA) co-ordinates in a completely 
stereospecific manner? with Co(II), Rh({ITZ) and 
Cr(IiI). Courtauld models of either co-ordinated 
optical isomer show the methyl group to be sterically 
hindered for one configuration of the metal complex 
irrespective of whether the ligand is attached at 
4 (non-planar), 5 or 6 points to the metal atom. The 
absolute stereospecificity of complex formation pro- 
vides @ simple polarimetric method of measuring the 
exchange-rate of the free ligand with its metal com- 
plexes. 

Equivalent amounts of the metal complex contain- 
ing one optical form of the ligand and the free optical 
antipode were mixed in buffered aqueous solution, 
and the rate of loss of optical activity determined. 


[Af d-PDTA}* +1-PDTA 2[MI-PDTA]}™ + 
d-PDTA 


It will be evident that the rotation will have fallen 
to zero when half the ligand is exchanged. The con- 
centrations of unreacted initial complex and the added 
free ligand at any time may be calculated from the 
observed rotation and the respective initial rotations 
before mixing. In general, there is a considerable 
difference between the rotatory powers of the free 
ligand and the metal complex even when, the latter is 
colourless. The difference may be magnified by a 
suitable choice of the wave-length of the light when 
the complex is coloured. 

Preliminary studies of the rate of exchange of the 
cadmium complex with the ligand have shown a 
first-order dependence on both complex and ligand 
at pH 6. The approximate specific rate constant at 
20° C. was found to be 0-07 ].-moles-!-sec.-}. 
the reaction, the rotation changed from — 0-66° to 
zero for 0-005 M solutions of complex and ligand in a 
20-cm. tube. 
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Table 1 
Complex pH Time or tale exchenge 
LPDTA 
[Nd-H .PDTA)] 70 3 ae 
290; 6-40 No exchange in 3 days 
[Cu{@-H,.PDTA) ] 2 90 < imin. 
6°40 16 hr. 
[Cd(d-H,.P DTA) ] 2 90 < 40 sec. 
6 30 1 hr. 
[Zn(d-Hy.PDTA) ] 2-90 <40 seo. 
6 32 8 br. 
-PDTA) ] 7 80 < 1 mun. 
LE PD TA) 2 90 20 hr. 
¥(d-H.PDTA 2 80 < imin. 
(d-H,.PDTA) ] 8 00 < imin. 
6-80 5 min. 
[Oo(d-H, PDT A) ] 2 00 < imin 
6°30 7 days 
[Fe(d-H.PDTA) ] 07 7 hr. 
65 No exchange in 2 days 


The approximate times for exchange between half 
of the PDTA and a number of its metal complexes at 
20° C. are shown. in Table 1. The metal complexes 
were prepared in the acid forms, [M(H,.PDTA)], or 
[M(H.PDTA)] by reaction between the metal acetate 
and active propylenediamine tetraacetic acid and, 
after recrystallization, dissolved in the appropriate 
buffer solution. The complexes like those with 
ethylenediamine tetraacetic acid are either quinquiden- 
tate or sexadentate. Detailed studies will be published 
later. 

We are indebted to the Dow Chemical Co., Midland, 
Michigan, for a gift of d,l-propylenediamine tetra- 
acetic acid. ° 

B. Bosnich > ° 

F. P. DWYER 

A. M. Sarauson 
John Ourtin School of Medical Research, 
Australian National University, Canberra. 


? Dwyer and Garvan, J. Amer. Chem. Soc., 81, 2055 (1059). 
* Dwyer and Garvan, J. Amer. Ohem. Soo. (in the press). 
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Specific Detection of Glucose on Paper 
Chromatograms 


Mixrurgs of monosaccharides derived from oom- 
plex polysaccharides often present difficulties in 
identification when the compounds migrate close to 
one another on paper chromatograms. Difficulties of 
this kind have been encountered with certain bacterial 
polysaccharides containing glucose, galactose and 
heptoses. With the use of the glucose oxidase!- 
indicator reagent, ‘Glucostet’ (Worthington Bio- 
chemical Corporation) it has been possible to locate 
specifically the glucose and then reveal other mono- 
saccharides on the same paper chromatogram. 

Monosaccharides were separated on Whatman 
paper No. 1, with the n-butanol~pyridine—water 
(6:4:3 v/v) solvent system, the paper chromato- 
grams dried in air and then sprayed with the ‘Gluco- 
stat’ reagent prepared as for the quantitative 
estimation of glucose in biological fluids? As the 
‘Glucostat’ reagent is in the form of a buffered, 
aqueous solution, flooding of the paper chromato- 
grams was avoided to prevent spreading of the 
various monosaccharides. When sugars were separ- 
ated with acidic solvents such as n-butanol—acetic 
acid-water (6:1:2 v/v) the chromatograms were 
steamed for 5-10 min. before spraying. The indicator 
dye, o-dianizidine, in the ‘Glucostat’ reagent locates 
the glucose by turning a permanent pinkish-brown 
colour. The colour develops rapidly at room tem- 
perature and no further treatment is necessary. The 
method readily detects 10—20 ugm. glucose separated 
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on paper chromatograms and will detect less than 
10 pgm. providing little spreading of the ‘spot’ occurs 
during chromatography. Attempts to adapt the 
method for direct quantitative estumation have been 
unsuccessful, as the coloured complex adheres 
strongly to the paper and could not be extracted 
quantitatively in a variety of solvents. Thus, for 
determination of glucose, it is necessary to elute after 
separation on paper chromatograms and then develop 
the colour in the normal manner with the glucose 
oxidase—o-dianisidine reagent’. 

After detection of glucose, the paper chromato- 
grams were dried in air and over-sprayed with 
aniline phthalate for the identification of other 
monosaccharides. There is some loss in sensitivity 
towards reaction with the aniline phthalate, pre- 
sumably due to the buffer constituents, protein, ete., 
of the ‘Glucostat’ reagent. However, for differentia- 
tion between glucose and other monosaccharides 
poorly separated from the former sugar, spraying 
first with the glucose oxidase reagent and then over- 
spraying with aniline phthalate provides a rapid and 
reproducible technique. The recent report of a 
galactose oxidase® suggests that such an enzyme 
could also be applied in a similar fashion for the 
specific identification of galactose. 

M. R. J. Savrox* 

Department of Bacteriology, 

ə guniversity of California, 
Berkeley, U.S.A. 


* Permanent address: Department of Baoterlology, University 
of Manchester, Manchester 18. 
1 Kelim, a Nag S E. F., Biochem. J., 42, 230 (1948). 
, Abstract of Papers 180th Mee Amer. Ohom. Soc., 
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Glutathione Stability and Pyrophosphatase 

Activity in Reticulocytes ; Direct Evidence 

for the Importance of Glutathione for the 
Enzyme Status in Intact Calls 


In the course of studies on the maturation of red 
blood cells woe confirmed the report of Malkin and 
Denstedt! that reticulocytes show a tenfold higher 
activity of inorganic pyrophosphatase as compared 
with erythrocytes. Pyrophosphatase appears to con- 
tain a functional SH— group. Traces of cupric ions, 
para-chloromercury benzoate and iodo-acetate cause 
an inhibition which is reversible by cysteine’. To 
test the assumption that the lability of the SH— 
group may be connected with the decrease of pyro- 
phosph&tase activity during maturation, the effect 
of conditions which change the oxidation status of 
glutathione on the activity of pyrophosphatase was 
studied. 

The experiments were performed, on intact cella 
and hemolysates of rabbit blood, in which a reticulo- 
cytosis of 35-40 per cent was brought about by 
bleeding. Table 1 contains the results of an oxperi- 
ment on intect cells in which phenylhydrazine was 
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Table 1 

I O m IV 

Pea tlon time KF ) imal. 0 10 ae a 
Ihydraxıne (5 mgm, susp. — — 
aluca (2 x ele — — — + 
Pyrophosphatage units 22:1 21 E 95 19 A 
The TOOTO ayami for the determination o 10ko, 2 x10 
activity contain 20mL: 1x10° M NaP, Or fae 10 a8 
Mg80..7H,0, 1 x 107? M iris-buffer p 
Incubation for 16 min. at 37° O. The eer E ori mal hemo sheet 
tion with trichloracetic acid. The hberated inorganic phosp gs was | 
by the method of Fiske and Subbarow (ref. ce aes A 

PAOTR ach 1s reported as y phosphorus hberated/ reaction 
mixture. 


employed to oxidize the glutathione according to 
Beutler’s procedure*. It may be seen that incubation 
of washed cells without phenylhydrazime did not occa- 
sion a decline of pyrophosphatase activity ; this did 
ocour in the presence of phenylhydrazine. Addition of 
glucose prevented the loss of enzyme activity. In 
Table 2 1s shown a similar experiment on stroma-free 
hemolysate. Here the loss of enzyme activity could 
be prevented by the addition of ghicose-6-phosphate. 
The mechanism of the action of phenylhydrazimfs is in 
all likelihood a hsmin-catalysed oxidation of gluta- 
thione’.*. The conservation of glutathione with 
glucose or glucoge-6-phosphate occurs by way of the 
chain of enzymes hexokinase, glucose-6-phosphate- 
dehydrogenase and glutathione reductase’. 


Table 2 
I Ir mi IV 
Ipouranon time Chr, ) 0 á - 4 4 
epe kent è hosphate (5x10 Af = = T $ 
11 x — — = 
Pyrophos hosphatape 25 9 22-1 8-2 22-1 


In the following experiments the direct effect of 
oxygen was studied and further evidence for the 
depicted course of events was sought. Table 3 
records an experiment in which hsmolysates with 
and without stroma, which had been dialysed for 
60 hr., were incubated . It may be seen that oxygen 
alone in the presence of stroma caused more than 
85 per cent loss of enzyme activity (II). The addition 
of glutathione alone (IV) diminished the inactivation, 
only to a small extent. Addition of glucose-6-phos- 
phate (VII) also showed only incomplete stabilization 
of pyrophosphatase. In the presence of nicotinamide 
(VI), presumably by virtue of inhibition of triphos- 
phopyridine-nucleosidase®, a higher degree of stabiliza- 
tion was observed. In a complete system (V), com- 
plete stabilization was achieved. In the absence of 
stroma the decrease of enzyme activity was much less 
(2), and the addition of glutathione alone (4) was 
sufficient for stabilization. The experiments not only 
prove that oxygen without intervention of phenyl- 
hydrazine may oxidize glutathione but also show that 
stroma, probably by way of autoxidation of the 
unsaturated fatty acids, combined with the action of 
hemin’, may favour this oxidation. In addition, 
stroma increases the inactivation by way of destruc- 
tion of triphosphopyridine nucleotide through its 
enzyme. The partial stabilization of pyrophosphatase 
without addition of triphosphopyridme nucleotide 
is in consonance with the report of Carson’, which 
showed the triphosphopyridine nucleotide is tightly 
bound to glucose-6-phosphate dehydrogenase. 


Table 3 
Complete hemolysate Stroma-free hemolysate 
I It aa IV Vv VI VE 1 2 8 4 

Incubation time ee) 6 6 6 6 6 6 0 6 6 6 
QGIntathione (2-5 x 10° —_ m mamas 4 as + -+ es = eae $ 
Glucose-6-phoephate (5 x 10> M) — ~~ + ~ -4 + + — = 4 = 
Tmphospho ane nucleotide (15 x 10 M) —~ teen of. ae nfo ee pate ets = at ae 
Nicotinam! Ae 10° M) — emas “+ — -$ -+ — — = + em 
Fyrophospha 80 8 48 2B +2 93 28 8 178 i1 5 80 0 18-8 28 8 28 6 
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Table 4 
I 1 ses 2 x 
Incubation time (hr.} 6 0 8 6 12 Ki 
Cysteine (2 x 107? — -j — + —— + 
Pyrophosphatase uni 182 18685 66 127 12 29 


"z, y from another experiment, activity without incubation, 18-7. 


In Table 4 is shown the fact that the inactivation of 
pyrophosphatase is to a large extent reversible by 
addition of cysteine after a short period of incubation. 
The conclusions of these experiments may be sum- 
marized as follows. 

The stability of pyrophosphatase in the reticulo- 
cytes is closely linked with glutathione, which is 
maintained in the reduced state by way of the 
oxidation pathway of glucose-6-phosphate. Elimina- 
tions or blocking of any single step in the chain may 
cause a stoichiometric oxidation of glutathione with 
conequent loss of activity of pyrophosphatase. 

Oxidation of glutathione leads to a denaturation of 
pyrophosphatase, the first reversible step of which 
is formation of disulphide-bonds. Thus there is 
close wnteraction between metabolic processes, such 
as are concerned with the maintenance of gluta- 
thione, and the structural changes of denatur- 
ation. - 

The experiments reported are, so far as we know, 
the first instance of a direct effect of glutathione on 
the activity of an enzyme within an intact cell. 
Other SH— enzymes are in progress. 

The mechanism described may have general 
importance for the conservation and the decline of 
enzymes in the processes of differentiation and 
maturation of cells. 

S. Rapoport 
D. KOHSUOH 
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Characterizetion of a New Purine Riboside 
isolated from Fusarium Species 


AN investigation of the acid-soluble nucleotides 
occurring in a Fusarium species! has shown that, in 
addition to a number of previously known compounds, 
several new ultra-violet absorbing substances are 
present in this mould. One of these was identified as 
the mononucleotide of nicotinic acid*, a compound 
which has also been isolated from baker’s yeast?. The 
present communication reports the characterization 
of & second substance, an N?-substituted guanosine 
which is probably 2-(1-carboxyethylamino)-6-hy- 
droxy-9-§-D-ribofuranosylpurine. 

The compound wes isolated from perchloric acid 
extracts of the micro-organism by ion exchange 
chromatography‘ and purified by paper chromato- 


NATURE 


June 18, 1960 


graphy. From a 50-l. culture grown in a stirred 
fermentor® on Czapek~Dox medium 2-5 umoles were 
obtained, as calculated from the pentose content of 
the chromatographically pure substance. The product 
was phosphorus-free and had ultra-violet absorption 
_ Spectra at different pH values very similar to those of 
guanosine, except for a small bathochromic shift of 
the maxima and the minima. Paper electrophoresis 
in 0-1 M ammonium acetate, pH 6:5, indicated the 
presence of a negatively charged group. The orcinol 
reaction for pentoses was positive; the pentose was 
liberated on acid hydrolysis (2 hr. at 100° C. with 1 M 
hydrochloric acid) and identified as ribose by paper 
chromatography in n-butanol—acetone—water (2: 7:1, 
v/v/v). The ribose moiety of the new compound had 
the furanosidic structure, as shown by the formation 
of glycerol after degradation according to the pro- 
cedure of Viscontini, Hoch and Karrer* scaled down 
to 0-3 umole’. Acid hydrolysis yielded, in addition 
to ribose, an ultra-violet absorbing compound which 
was purified by ion exchange and paper chromato- 
graphy. It gave a negative reaction for pentoses, 
had ultra-violet spectra at acid, neutral and alkaline 
pH values nearly identical to those of 6-hydroxy-2- 
methylaminopurine’, and paper electrophoresis indic- 
ated the presence of an acidic group. When heated 
with 4 N formic acid (15 hr. at 125° C.) it yielded 
guanine, which was identified by, paper chromato- 
graphy in two solvent systems and by its ultra-violet 
spectrum. . > 
These results strongly suggested that the com- 
pound isolated from the mould was the ribofuranoside 
of an N?-substituted guanine containing an acidic 
group. The close similarity of the ultra-violet spectra 
of the hydrolysed compound to those of 6-hydroxy-2- 
methylaminopurine indicated that the acidic group 
was most likely carried by the N*-substituent, so that 
the aglycone would be an N-(6-hydroxy-2-puriny]l)- 
amino-acid. To test if this were correct & number of 
compounds of this type were synthesized by treating 
at pH 8-5-9-0 aqueous solutions of 2-chloro-6- 
hydroxypurine® with each of 22 amino-acids in 
sealed tubes for about 15 hr. at 110-125° C. The 
amino-acids used were a- and f-alanine, a-, B- and 
y-aminobutyric acid, ¢-aminocaproic acid, B-amino- 
wobutyric acid, aspartic acid, glutamic acid, glycine, 
tsoleucine, leucine, methionine, 8-methylcysteine, 
norvaline, phenylalanine, sarcosine, serine, taurine, 
threonine, tyrosine, valine. The ultra-violet spectra 
of the synthetic compounds were practically identical 
to those of the natural aglycone, except for that of 
the compound prepared from sarcosime, which showed 
a remarkable bathochromic shift of the maxima at 
acid and neutral pH values (a similar behaviour is 
shown. by 2-dimethylamino-6-hydroxypurine, as com- 
pared with 6-hydroxy-2-methylaminopurine*) and for 
that of the compound prepared from tyrosine, which 
is strongly influenced by the amino-acid chromophore, 
When the paper electrophoretic and chromato- 
graphic mobilities of the synthetic compounds were 
determined, a definite correlation with some chemical 
features of the N?-substituent was found. Among the 
whole set of model substances prepared, only those 
obtained by treating 2-chloro-6-hydroxypurine with 
“-aminomonocarboxylic acids behaved electrophore- 
tically as the natural purine. This, moreover, could 
be distinguished from all of the synthetic compounds, 
except for the «-alanine and threonine derivatives, 
by paper chromatography in two solvent systems. 
In order to decide which, if either, of these two 
products was identical with the aglycone of the ribo- 
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Table 1. PROPHRTINS OF THE RIBOSIDE ISOLATED FROM Fusarium 
SPECIES, CORRESPONDING AGLYCONS, AND SYATHETIO 6-HyprRoxy- 
(1-CARBBOXYRTHYLAMINO)PURINE 
Synthetic 6- 
Riboside Agtycone hydroxy-({1- 
from of Fwar- carboxy- 
Fusarium um sp. ethylamino)- 
Paper chromatography (Rr) * a ow 
aper graphy (Rr 
Solvent 1 0-73 0°66 0 67 
Salvent 2 0-55 0 ‘87 0 66 
Solvent 8 0-57 0-59 0 -80 
Solvent 4 0°58 0 ‘66 
Solvent 5 0°41 0°41 
Solvent 8 0-64 0°65 
Solvent 7 0-16; 0°19 0°15; 0°19 
Bolvent 8 6-46 0-48 
Paper electrophoresis (cm./hr. 
moved towards the anode at 
25 LE ey 
pH27 ree einai -50 -5-8 
pH 8-1 (phosphate—cltrate +14 +1°6 
pH 4-7 and 6 5 (acetate) +8°5 +10 3 +-10°3 
Ulira-violet absorption at: 
pH 1, maximum (my) 258 251, 278 250, 278 
minimum (mä) £20 228, 270 227, 270 
inflexion (my) 274 
#250 : E280 0-88 1-27 1-42 
F280 : F288 0 64 0°75 0°74 
pH 6, maximum (my) 255 248, 279 248, 279 
minimum (my) 227 226, 265 ; 
inflexion (my) 274 
F250 : E280 1-08 1:44 1°45 
E280 : F260 0-87 0-97 0°85 
pH 18, maxrimom (my) 259 251, 278 250, 277 
minimum (my) 286 247, 261 246, 262 
inflexion (mz) 268 
: 1-86 ill 1-07 
E280 . F260 0°76 1-18 1-14 
* With the exceptioneof aolvents 6 and 7, descending chromato- 
graphy was used. Solvents were: No. 1, isopropanol-12‘6 Af hydro- 
acid-water (170: 41:44, viviv); No. 2, teobutyric acid-1 N 
ammonia (100:80, viv); No. 3, 6 ol-} ammonium acetate, 
propanol 


oe a tek o. 4, a6 No. 8, but pH 7-5; No.5 
ammont 


6, 16 per cent um bicarbonate ; 
noli ulphate-n prepanol-0-1 M phosphate buffer 
pH 6-8 (800 gm.: 20 mì.: 1,000 mL); No. 8, s-propanol-16 M 
ammonia—-water (60:80:10, v/v/v). 
side isolated from the mould, a number of chromato- 
grams were run with different solvent systems. A 
satisfactory separation was achieved in ammonium 
sulphate—n-propanol—0:-1 M phosphate buffer, pH 6-8 
(600 gm.: 20 ml.: 1,000 ml.). In this solvent the 
threonine derivative gave a single spot, whereas the 
a-alanine derivative divided into two spote, a 
behaviour also observed with its néxt higher 
homologue, that is, the a-aminobutyric acid deriva- 
tive. The natural aglycone also gave two spots 
having the same Ry values as the synthetic «-alanine 
derivative. 

In conclusion, the natural base and the synthetic 
compound prepared from «-alanine and 2-chloro-6- 
hydroxypurine appeared to be identical when com- 


> No. 


` pared by paper chromatography in eight solvent 


systems, by paper electrophoresis at four different pH 
values and by ultra-violet absorption spectra (Table 
1). Furthermore, both gave guanine when heated 
with 4 N formic acid. 

The evidence described above is probably the most 
that could reagonably be obtained with the minute 
amount of material available; on this basis it is 
proposed to assign provisionally the structure of 
2 - (1 - carboxyethylamino) - 6 - hydroxy - 9-p - ribo - 
furanosylpurine to the new nucleoside isolated from 
Fusarium. The configurations of the amino-acid 
residue and of the ribose-base li are unknown, 
but it is probable that the latter is p-b by analogy 
with the majority of nucleosides and nucleotides found 
in Nature. The close similarity of the ultra-violet 
spectra of the nucleoside with those of guanosine’ 
and of the riboside of 6-hydroxy-2-methylamino- 
purine"! suggests that the ribose is linked to the 
9 position of the purine base. 

We are indebted to Prof. E. B. Chain for his 
interest and encouragement throughout this inves- 
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tigation, and to Dr. Gertrude B. Elion for samples 
of methyl-substituted guanines. 
ALESSANDRO BALLIO 
CARLO DELFINI 
SERENA RUSSI 
Istituto Superiore di Sanità, 
International Centre for 
Microbiological Chemistry, 
Rome. 
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Role of the Triplet State in the 
Photoreduction of Chlorophyll 


In 1948, Krasnovsky reported! that chlorophyll 
can be photochemically reduced, in dry pyridine, by 
ascorbic acid. The product is a pink pigment. The 
quantum yield of the reaction was not measured ; 
but indirect evidence? indicates that it was of the 
order of magnitude of 10-1. The reaction is reversible ; 
the green colour of the solution returns slowly on 
standing, or more rapidly if a suitable oxidant is 
added. The regeneration of chlorophyll is never 
complete ; part of it being converted into phæophy- 
tin. This and analogous photochemical reactions 
were studied extensively, in subsequent years?, by 
Krasnovsky and Evstigneev etal. They have adopted 
the view that the reversible photoredustion of chloro- 
phyll plays an essential part in photosynthesis and in 
chlorophyll-sensitized reactions in viro. 

The photochemical reduction must involve a direct 
reaction between an excited molecule of chlorophyll 
and a normal molecule of the reductant. Evstigneev 
et al.‘ demonstrated that ascorbic acid does not 
appreciably quench the fluorescence of chlorophyll, 
dissolved in pyridine. Since this eliminates the 
possibility that the first excited singlet state reacts 
directly with ascorbic acid, it has been postulated 
that the lowest triplet state undergoes this direct 
reaction. However, Fujimori and Livingston® were 
unable to detect any effect of ascorbic acid (at con- 
centrations as high as 0-10 M) upon the rate of decay 
of the triplet state of chlorophyll, when the solvent 
was dry pyridine. 

Recent work of Bannister’ suggests a possible way 
of reconciling these apparently incompatible observ- 
ations. He demonstrated that chlorophyll is not 
meagurably reduced when it is illuminated in air-free, 
dry pyridine containing ascorbic acid. The reduction 
is readily detectable if the solvent contains 2 per cent, 
or more, of water. In pyridine contaming 30 per cent 
of water and 0-10 Af ascorbic acid, the quantum yield 
of photoreduction is about 0-10. Under these condi- 
tions, the pink pigment does not accumulate, and 
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oxidation does not restore chlorophyll but produces 
phxophytin. When the water content is 2 per cent, 
the quantum yield is several-fold lower, but the 
reaction is much more nearly reversible. These 
observations indicate that Krasnovsky’s! supposedly 
dry pyridine contained an appreciable amount of 
water (possibly about 2 per cent). 

We have measured the quenching of the triplet 
state of chlorophyll by ascorbic acid in pyridine, 
either dried with calcium hydride or containing a 
known concentration of water. All solutions con- 
tained 6 X 10-* M chlorophyll a and were carefully 
deoxygenated. Confirming the published results of 
Fujimori and Livi n, we were unable to detect 
any quenching of the triplet in dry pyridine; how- 
ever, in the presence of water, ascorbic acid unmis- 
takably quenches the chlorophyll triplet. Our 
preliminary resulte are given in Table 1. 


Table 1 


s wot, 
Q added | Q added 





The rate of disappearance of the chlorophyll triplet 
conforms to the following equations”, where [GH], 
[GH’] and [Q] represent the concentrations of ground- 
state chlorophyll, triplet-state chlorophyll and ascor- 
bic acid, respectively, and m = [GH] + [@GH’]. 


(GH) 
~ a 





=(k, + k{GH’] + k [GH] + ke(Q))[GH 


=(b, + kam + kglQ])[GH’] + 
(ky ~ ks )(GH’} 


= k[GH’] + kuaa 


The averages of the numbers in the first two 
columns, 870 and 790, do not differ significantly, 
and what difference there is between them is in the 
wrong sense to be explicable in terms of quenching 
by ascorbic acid. The mean of the values of kr, 
840 sec.-1, should be compared to the published 
values of k, and k, (ref. 7), as follows: 


730 sec.-? + 2-83 xX 107 sec m-! x 
5 xX 10-*m = 850 Bec.-!. 


The agreement is fortuitously close. The quench- 
ing constants, kg, were obtained by dividmg the 
difference between the values given, in the first and 
third columns by [Q]. The spread of these prelimin- 
ary values of kg is greater than would be predicted 
in terms of the reproducibility of the individual 
measurements. It suggests that, ın the range investi- 
gated, kg is a function of the water content and 
possibly of the concentration of ascorbic acid. In 
spite of this uncertainty, the results establish the 
reality of the quenching by ascorbic acid in wet 
pyridine and show that it is about ten thousand-fold 
less efficient than the quenching by oxygen, quinone, 
eto.. 

In the presence of water and ascorbic acid, flash 
illumination produces a long-lived form of chloro- 
phyll in addition to the triplet state. Since its mean 
life is about 0-01 sec. and it absorbs more strongly 
at 4800 than at 5200 Å., it cannot be Kresnovsky’s! 
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pink pigment, but may be one of the ‘electrode active’ 
intermediates which were discovered by Evstigneev 
et als. 

The available evidence demonstrates that the 
photoreducstion of chlorophyll cannot be an essential 
step in efficient, chlorophyll-sensitized photochemical 
reactions occ in ordi organic solvents. 
However, it is not justifiable to draw a similar con- 
clusion about the photosynthesis of plants. 

This investigation was made possible by a Research 
Grant (4-2733) from the Division of Arthritis and 
Metabolic Diseases of the United States Public 
Health Service. 

ROBERT LIVINGSTON 
A. 0. P. Puen 
Department of Chemistry, 
University of Minnesota, 
Minneapolis. 
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PHYSIOLOGY ** 


A Phenylthiocarbamide Test 


425 BELGIANS (225 males and 200 females) were 
tested with phenylthiocarbamide and quinine follow- 
ing the technique of Harris and Kalmus'*. Fisher’s 
linear discriminant function was used to class the 
subjects as tasters and non-tasters. The chi square 
test for smoking habit grves no significant result, but 
the influence of sex and age is important as proved 
by a homogeneity test (Fisher 2 x 10 table for sex ; 
y? = 40,90§ with 5 d.f.) and a ‘Student’ test for the 
mean, threshold for T and ¢, males and femeles. 
(t = 5-04 for T and ¢ = 3 258 for t.) The correlation 
coefficient between, age and phenylthiocarbamide is : 


r = —Q-390 + 0-109 for non-tasters 
r = +0-032 + 0-078 for tasters 
General results are summarized in Table 1. 


Table 1 
Males Females 

4 187 14°20 
Age y y 
Number (t) 61 
Frequency (¢) (per cent) 27-11 22 00 
Gene frequency (t) 9-581 0 469 
Phenyithiocarbamide 

Mean total sample 7-498 + 0-217 8-820 + 0'247 

Mean tasters 9-268 + 0:107 | 10 045 + 6 100 

Mean non-tasters 2 788 + 0'225 2 205 + 0 180 


Creteur obtained in 1952, with a different technique, 
38-8 per cent of non-tasters among 679 subjects’. 
ANDRÉ LEGUEBE 
Laboratoire d’Anthropologie, 
Institut royal des Sciences naturelles 
de Belgique, 
Bruxelles. 
1 Harris, H., and Kalmus, H., Ann. Bugen., 15, 24 (1049). 


t Kalmus, H., Ann. Hum. Genet., 22, 222 (1058). 
* Creteur, Obr., Rev. méd. Lidge, 7, (13), 415 (1852). 
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Passage of Insulin through the Wall of the 
Gastro-intestinal Tract of the Infant Mouse 


Mosinger, Placer and Koldovsky', in a recent com- 
munication, have shown that insulin administered 
orally to suckling rats 2 and 8 days old causes a large 
drop in blood-sugar levels, but does not do so in 21- 
and 30-day old rats. Previously I had found that the 
gut of the 8-day old mouse is permeable to insulin 
but that this permeability declines thereafter. This 
work was quoted by Hallday* and, although Mosinger 
et al, refer to that paper, they do not mention my 
findings. 

LAB grey mice were used, the young being removed 
from the mother 2 hr. before the administration of 
insulin and kept in an incubator at 37° C. for the 
duration of the experiment. Administration was 
direct to the stomach with a polythene tube on a 
tuberculin syringe. Injections were made intra- 
peritoneally. The insulin used was standard crystal- 
line insuun (B.D.H., A. and H. 22 units/mgm.) 
dissolved in 0-9 per cent saline acidified with hydro- 
chloric acid to pH 2:5. Controls were given an 
equivalent dose of acidified saline. Observation of 
convulsions and death did not provide a satisfactory 
method of measuring the passage of the intact insulin 
molecule through the gut wall, as infant mice survived 
hypoglyceemia fardonger than did adults. This agrees 
arith the findings of Himwich, Fazekas and Hambur- 
ger*, who showed that in the rat the capacity of the 
infant bram to endure hypoglycsmia is associated 
with its lower cerebral metabolic requirement. There- 
fore, estimations of serum sugar were undertaken. 
Repeated bleedings of 8-day old mice necessitated 
micro-methods of sampling and estimation. Blood 
samples each of c. 5 pl. were taken from the tail into 
capulary tubes before administration of the hormone, 
and at 30 min. and 60 min. after. The tubes were 
sealed and stored at 4° C. until tested. The serum was 
separated by centrifugation and 2-ul. samples tested 
in duplicate by the method of Stern and Kirk‘. An 
‘Agila’ micrometer syringe was used for tHe titrations. 

The results are shown in Fig. 1. It is evident that 
the majority show a significant fall in serum sugar 
at 7, 8 and 16 days, and that only a small minority 
show this at 22 days. At 8 days of age, doses of 1 
unit/gm. may be effective. At 22 days even doses of 
8-10 units/gm. usually have no effect. It is evident 


7-day mice 8-day mice 
250 
q 150 
E 100 s 
4 150 100 
: i 
50 
0 g 
0 2 4 6 8 0 2 4 6 
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from these results that the gut of the suckling mouse 
at 8 days, and even at 16 days, is permeable to insulin 
administered orally in very large doses, and that this 
permeabiltty has almost disappeared at 22 days. 
The disappearance of permeability to insulin appears 
to occur rather later and to be less clear-cut than that 
to antibodies in the suckling mouse. The doseg 
nece are enormous in comparison with those of 
the order of 0-001 unit/gm. which are effective by 
parenteral injection. The wide individual variation 
in response to the oral administration of insulin at 
all ages studied is surprising, and for this I have no 
explanation to offer. 

I am indebted to Prof. F. W. R. Brambell and 
Mr. W. A. Hemmings for their interest and advice 
during the course of this work. 


W. A. Kerry 
Department of Zoology, 
University College of North Wales, 
Bangor. 
Jan. 23. 


Sy 5 B., Placer, Z, and Koldovsky, O., Nature, 184, 1245 


‘ Halliday, R., J. Endocrinol, 18, 56 (1959). 
*Himwich, H. H., Fazekas, J. F., and Hamburger, B., Endocrinol., 
33, 98 (1943). 


t Kirk, P. IL. By ht acai Diltramicroanalysis”’ (Wiley: Ohapman 
and Hall, 1950). 


Seasonal Differences in Ovulating Hor- 
mone in the Merino Ewe 


CESSATION of cyclic ovarian activity in ewes during 
encstrus is thought to be associated with changes 
m the level and/or type of gonadotrophic substances 
reaching the ovary’. This supposition cannot be 
tested by direct means at the present time, but a 
recently developed technique for synchronization of 
ovulation in ewes* suggests possibilities of an indirect 
examination. 

Merino ewes were injected daily with 10 mgm. of 
progesterone in oil intramuscularly for 14 days m 
either April (the middle of the breedimg season) or 
October (ancestrus). At the same time as the final 
progesterone mjection each ewe received 500 1.0. of 
pregnant mare serum gonadotrophin subcutaneously. 
48 hr. later groups of ewes were injected with either 
300 LU. of human chorionic gonadotrophin intra- 


22-day mice 


16-day mice 


bet pout 
8 S 


(mgm./100 mL) 


© S 
Approximate equivalent blood sugar 


8 10 12 14 160 2 4 6 8 0 i2 


Dose (units/gm.) 


Fig. 1. Values of serum 


sugar in fl 
to dose in unfta/gm. The corres 


ponding approxima 
e serum sugar scale on the left; the blood sugar vaines being dert 


00 ml. 60 min. after oral administration of insulin to young mice of 7, 8, 16 and 22 


te scales for blood sugar are on the right 
ved from the hematoont values of 


88 per cent for 8-day and 42 po oa for 16- and 22-day-old mice. The aolid horizontal Hne representa the mean serum 


on of insulin a 


nd the broken line the value below which individual experumental 1 esults 
may be considered significant at the 6 per cent level 


i 
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Table 1. TIME oF OVULATION IX MIRINO EWES 


A See TOCO AD mam OF Dive starcne Initamisrmai 1y oniy Tor Te daya and S00 ru: of pregnant mare serum gonadotrophin on theo 
urtesnth day. The human chorionic gonadotrophin was given 48 hr. after the Selle cargo biked prec d 


Ovulations occurring in following periods after human 
chorionic gonadotrophin Mean time of 





ovulation 

22-20 hr. | 29-44 hr. | > 44hr. | Total hr.) 

3 8 0 0 § 23 

0 3 2 0 5 29 

8 1 $ 0 7 82 

' 800 intramuscular shorn 8 0 0 8 0 38 42 
om 8 0 1 1 1 8 

October (ancwstrus) 900 intramuscular shorn 8 0 1 1 1 8 31 
unshorn 8 0 4 0 0 4 

800 Intraperitoneal shorn 8 0 1 2 1 4 40 
unshorn 38 0 1 0 2 3 

ANALYSES OF VARIANOM—BarmiaTep TIMES OF OVULATION In studying the hypothesis the following factors 


should be taken into account: (a) Pregnant mare 
serum gonadotrophin, given at the time of the final 
progesterone injection and known to be present in 
the blood of animals for several days, may influence 
261" the ovulatory response to human chorionic gonado- 
" trophin. (b) Ovulation may be inhibited by high 

dogage-levels of human chorionic gonadotrophin‘. 
(c) The rate of maturity of Graafian follicles after a 
constant progesterone — pregnant mare serum gonado- 
trophin treatment may bo influenced by the time 
*P<0-001. t001 <P < 0-06. of year. . 

I am indebted to Dr. A. W. H. Braden, Co Ne 
muscularly, or 900 1.0. intramuscularly, or 300 IU. wealth Scientific and Industrial Research Organiza- 
intraperitoneally. Laparotomy, which seems not ion, Prospect, for helpful discussion. 
to influence the time of ovulation’, was performed D. RB. Lamonp 
22, 29 and 44 hr. after the injection of human chorionic Faculty of Rural Science mare 
gonadotrophin. AJl ewes used in October were carry- University of New England, 


DF Mean amaro 
Source of variation April | Ootober April otober 


8-6 





ing eleven months wool but half were shorn 1-2 hr. Amidala 
ries fe the injection of human chorionic gonado- Now South Wales. 
; t Robinson, T. J., Biol. Rev., 26, 121 (1961). 
The treatment groups are shown in Table 1 Brad v 
together with the numbers of beets siesea reas e H., Lamond, D. Tay ADO Radford, M. Mi AU, J 
at the various times of laparotomy and the estima * Hvans, H. M., and Simpson, M. E., “The Hormones”, 8, edit. by 
time of ovulation for } group. The times of Pinions Í G., and Thimann, K. V, (Academic Preas, New York, 


ovulation were estimated by visual examination. ‘Lamond, D. R, J. Endocrinol, (in the press). 

Ovulations which seemed to take place -during the 

periods 19-32 hr. and 41-47 hr. were neue to 

the nearest 1-2 hr.; others were estima to the . , 

z Cais abenia e oup. VALo Wors Oxygen Consumption in Cattle in Relation 

oes f E to Rate of Increase in Environmental 

significantly greater in October (x3) = 8-78, T t 

0:001 < P < 0-01) hence the two sets of data emperature 

were analysed separately. A summary of the analyses In determining the responses of cattle to high, 

is appended to Table 1. controlled temperatures, one of two procedures has 
The mean time of ovulation following 900 I.u. usually been employed. Hither the cattle were 

intramuscularly of human chorionic gonadotrophin exposed for periods up to 7 hr. to temperatures rang- 

wag apparently constant at the two times of the ing up to 110° F. (ref. 1), or they were exposed initially 

year (P = 0-6). A difference of approximately to lower temperatures which were increased progres- 

20 hr. in the time of ovulation following 300 10. sively by small steps at 2-week intervals*. AB there 

of human chorionic gonadotrophin intramuscularly was some doubt as to whether cattle would react 

suggests that during ancestrus there was present, at similarly to these two procedures, it was decided to 

or soon after the time of injection, smaller amounts subject the same animals to both types of heat 

of a substance or combination of substances which exposure. It was hoped that this comparison would 

acts in conjunction with human chorionic gonado- clarify any difference in the reactions of the animals 

trophin to hasten ovulation in the breeding season. produced by acclimatization or stress effects. 

That the substance(s) is similar to human chorionic The specific objective of this experiment was to 

gonadotrophin is borne out by the response to the compare the changes in energy-levels (oxygen 

higher dosage-level, and since human chorionic consumption) of catile subjected to both acute and 

gonadotrophin is generally thought to be similar to progressive types of heat stress. 

ovulating hormone’ it is possible that there are Nine animals, including 3 Jersey, 3 Holstein and 

seasonal differences in the endogenous production 3 Brown Swiss female calves, which had been raised 

of ovulating hormone in Merino ewes. On this basis at æ constant temperature of 50° F., were available. 

the greater variation in response in October suggests At the beginning of the three treatments, shown by the 

that individuals in this strain of Merino differ widely three curves in Fig. 1, this group had reached 14 

in the ‘depth’ of ancestrus. months of age. The resulta for all three breeds were 
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Fig. 1. Differences in*the rates of oxygen conmiipion of cattle 


e, e e from gradual and rapid environmental 
Each plotted mean laodes 1 18 Pb TEE for 
curves 1 and 8, and nine observations for curve 2 


pooled since the changes with treatment were of 
primary interest. Oxygen consumption and pulmon- 
ary ventilation were measured with an open-circuit 
metabolism apparatus, which has been described in an 
earlier publication’. 

In the treatment which resulted in curve 1, the 
animals were kept for successive 2-week periods at 
50°, 70°, 80° and 90° F., and for 4 days at 95° F. 
During this 2-month period of rising environmental 
temperature, the rectal temperature increased 2-1 
deg. F. At the same time, the oxygen cdénsumption 
decreased from 110 to 86 l./bhr., even though the 
pulmonary ventilation imcreased from 49 to 129 
, l/min. and the body-weight increased from 347 to 
365 kgm. Increased hydration may have been a 
factor in increasing the body-weight, as the plasma 
protein concentration decreased during this period‘. 
The factors which tended to increase oxygen con- 
sumption, such as the greater muscular exertion 
required for high respiratory activity, the increased 
maintenance for greater body-weight, and the van’t 
Hoff effect incident to high body-temperature, were 
obviously more than offset by decreases in thyroid 
activity® and consumption of total digestible nutrients 
(Johnson, H. D., and Ragsdale, A. C., unpublished 
work). The reduction in feed consumption at high 
temperatures was voluntary since feeding (except 
grain) was ad libitum. 

Curve 2 for these same 9 animals shows that the 
effect of rapidly rising temperature on oxygen 
consumption was opposite to that of slowly rising 
temperature. Measurements made after the morning 
feeding at a room temperature of 68° F. were not 
as high as those made 6 hr. later after the room had 
been heated to 111° F. During the 5-hr. heating 
period, rectal temperature increased 1:9 deg. F., 
pulmonary ventilation increased from 45 to 140 ]./mm. 
and oxygen consumption increased from 83 to 107 
1. fbr. (significant at 0-05 level). The rise in oxygen 
consumption can be attributed to an increase in the 
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muscular exertion of respiration, and the van’t Hoff 
effect. The rapidity of heating the room and the 
cattle would tend to prevent @ depression of any 
consequence by slow-acting factors. The available 
nutrients would remain relatively unchanged in a 
ruminant even though the appetite were depressed 
by the heat. It seems unlikely, also, that depression 
of thyroid activity was a major factor. 

To eliminate effects of specific dynamic action 
related to time after feeding, the nine animals were 
fasted for 41 hr. at 65° F. temperature. Measurements 
were made at this time at a temperature of 66° F. and 
again 64 hr. later after the room had been heated to 
110° F. Averages of two such sets of fasting results 
are shown in curve 3. The 44 deg. F. rise in room 
temperature increased rectal temperature 2:9 deg. F. 
and pulmonary ventilation from 33 to 143 1./min. 
Oxygen consumption increased from 69 to 87 1./hr. 
(significant at 0:01 level). This rise in oxygen con- 
sumption was associated with increased respiratory 
activity and the van’t Hoff effect. There is aldb the 
possibility that the combined stress effects of fasting 
and great heat may have elicited a particular group 
of reactions called by Selye’ “the general adaptation 
syndrome”. One of the main characteristics of this 
syndrome is hypersecretion of adrenal hormones 
including adrenaline, which is known to increase 
oxygen consumption in small animals. 

Whatever mechanisms are involved, these results 
indicate that the reactions of cattle to high tempera- 
tures may differ with the rate of increase in environ- 
mental temperature. Gradual increases in tempera- 
ture, within limits, depress oxygen consumption. 
Rapid increases in temperature elevate oxygen - 
consumption. 

This experiment was conducted in the Climatic 
Laboratory, Columbis, Missouri, as one part of a 
co-operative project between the University of 
Missouri and the Agricultural Research Service, 
United States Department of Agriculture. 


H. H. Krister 
Department of Dairy Husbandry, 
University of Missouri, 
Columbia, Missouri. 
1 Rieck, » and Lee, D. H. K., J. Dairy Res., 18, 219 (1948). 


MoDo rai R. B. D.H. K ” Fohrman, A. H., and An ergon, 
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Ezp. Sta. Res. Bull., 1948- 
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1 Kamal, T. H., Ph.D. thesis, Univ. of Missouri (1960). 
* Johnson, H. D. oo Ragsdale, A. O., Mo. Exp. Sta. Res. Bull , 709 


(in the p 
* Selye, H., ‘Rifts Ann ual Report on Stress”, 26 (OMID. Publications. 


C., New York, 1956). 


Release of Methionine labelled with 
Sulphur-35 from Muscle Tissue and 
Mitochondria 


Continuous renewal of the protein molecule is 
effected by balance between the incorporation and the 
removal of amino-acids. From these two processes 
incorporation has been examined and some inter- 
mediate reactions are already known. So far ag 
the second process, that is, intracellular degradation 
of proteins, is concerned, only basic experiments 
have been made. Simpson! and Steinberg and 
Vaughan? found, for example, that anaerobiosis 
and 2,4-dinitrophenole inhibit the release of labelled 
amino-acids from prelabelled liver slices. Tho 
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degradation of proteins was also found to be dependent 
on energy-yiel activity of the cell in homogeneous 


cultures of bacterial? as well as animal cells‘. In 
subcellular particles, Korner and Tarver® found that 
anaerobiosis and 2,4-dinitrophenole inhibit the release 
of amino-acids from nuclei and mitochondria. The 
release from microsomes under the same conditions, 
however, is stimulated. 

In the present communication the intracellular 
degradation of muscle proteins was studied. We have 
measured the release of methionine labelled with 
sulphur-35 from isolated rat diaphragm and from 
muscle mitochondria. 234 hr. before the experiment 
the rat received 150 uc. of *S-methionine per 100 gm. 
body-weight by intraperitoneal injection. Trichlor- 
acetic acid-soluble 3S-methionine in one-half of the 
diaphragm and in a sample of mitochondria served as 
initial values. The remaining parts were incubated. 
The increase of free labelled methionine after 3 hr. 
incubation of the diaphragm and 2 hr. incubation of 
mitochondria under usual conditions was determined. 
This amount was then expressed in percentage 
protein-bound 358-methionine. 

The mitochondria or homogenated diaphragm 
were extracted with trichloracetic acid in final con- 
centration of 5 per cent. Following acid hydrolysis, 
labelled methionine of the protein precipitate was 
separated from oystine and cysteine by their pre- 
cipitation as mercaptides. The amino-acids in 
neutralized trichloracetic acid extract of tissue (or 
mitochondria) and medium were concentrated on 
‘Dowex-50’. Taurme and sulphate pass through. 
Amuno-acids were then eluted, and, after acid hydro- 
lysis, cystine, cysteine and homocysteine were pre- 
cipitated as mercaptides. Methionine of protein as 
well as of the trichloracetic acid extract was oxidized 
to sulphate and radioactivity was measured in 
benzidine sulphate precipitate with an accuracy of 
2-5 per cent. 

The results given in Table 1 demonstrate that the 
amount of labelled methionine released from both 
diaphragm and mitochondria is higher in a medium 
with 2-4-dinitrophenole and under anaerobic con- 
ditions. (The activity of proteolytic enzymes 
measured at pH 3 6 and 9-0 is not changed under 
these conditions.) On the contrary, the amount of 


Table 1. RBLEASH OF MATHIONINE LABBLLED WITH P FEUI 85 
TROM Rar DIAPHRAGM AND MITOOHONDRIA UNDER DIFFERENT 
CONDITIONS OF INOUBATION 


Oonditions ea 
c p.m. released ercentage of 
(per 1 gm. wot wt.) ug” ~ methionine 
Normalt 460 4. 10 1 40 + 0-05 
Anserobiosis 1,110 + 20 86440 44 
2, 4-Dinitrophenole i 
1,100 + 50 — 
A (GO Aft 1,280 + 80 414i1 64 
Afitochondria* 
Rat Pigeon Rat 
Skeletal muscle Breast musale lyer 
Normal 0-61 1-09 5-28 
Annerobiosis 2-20 8 18 4-48 
* «pm, of released ?*8-methionine x 100 
o p.m. of protein-bound °*5-methionime i 
Turene ungi bicarbonate buffer containing 200 mgm. per cent 
glucose and carrier methionine in conc. 0-12 mgm./ml. Gas phase 


was 95 per cent oxygen and 5 per cent carbon dioxide. 
t p-Fluoro-phenylalanine. 


$3 ml of medmm contained: 56 «Af potassium suocinate, 26 uM 
-adenosine triphosphate, 0 01 M potassium phosphate buffer of. pH BA, 
0 008M pet ipa a chionde, 0 003 Af ethylenediamine tetraacetic 
acid and 1 mb of mitochondria Openin th 0-25 M sucrose. Isc- 
tomolity was maintained by adding potassmm chloride. Concentration 
er mothionme was 0-12 mgm./ml, Gas phase was oxygen. 
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labelled methionine released from liver mitochondria 
is, as in the experiments of Korner and Tarver’, 
depressed. (Protein degradation, with the excep- 
tion of release of labelled methionine, was measured 
on the basis of non-protein nitrogen and amino-acids 
increase and in the diaphragm also on the basis 
of non-collagenous protems decrease. The same 
results are obtained by all these methods ) 

Furthermore, a different reaction of liver and muscle 
tissue was observed after the action, of amino-acids 
antagonist. While the release from liver slices is 
inhibited by p-fluoro-phenylalanine!'.? ıt is stimulated 
from diaphragm. 

The present resulta demonstrate that the degrada- 
tion of muscle proteins is enhanced under conditions 
which limit the utilization of energy. This is quite 
contrary to the findings in tissues studied up to now 
(namely, liver and kidney slices, reticulocytes and 
macrophages). For these cells it was assumed that 
the degradation of protein involves a complex acceptor 
substance rather than water. The formation of this 
complex is dependent on energy. On the contrary, 
the degradation of muscle proteins ys given rather 
by hydrolytic splitting of peptide bonds by tissue 
cathepsins. 

What ıs the mechanism by which the effect of the 
inhibitors of oxidative processes is realized in our 
experiments ? If it is not by influencing the activity 
of tissue cathepsins, they must effect some qher 
reaction which then makes proteins more accessible 
to the hydrolytic action of cathepsms. It is impor- 
tant to note that not only inhibitors of oxidative 
processes but also antagonists of amino-acids stimu- 
late the release of labelled methionine from isolated 
diaphragm. It is possible that the intracellular 
degradation of muscle proteins w always stimulated 
under conditions of inhibition of proteosynthesis. 

R. ZAK 
Z. DRAHOTA 
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Institute of Physiology, 
Czechoslpvak Academy of Sciences, 
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4 Korner, A., and Tarver, H., J. Gen. Physiol., 41, 219 (1957). 


Duration of Stimulation of Phagocytic 
Activity of the Reticulo-Endothelial System 
after Cessation of Treatment with 
Diethy!stilbestrol 


Nicot et al. have reported previously that diethyl- 
stilbcestrol is a strong stumulant of the phagocytic 
activity of the reticulo-endothelial system’. The 
present research was designed to ascertain the period 
of time during which the stimulative effect would 
persist after cessation of treatment with diethyl- 
stilbcestrol. 

The following experiments were carried out on 
80 male white mice (T.O. Swiss strain) of 20-28 gm. 
body-weight. Fifty-five animals were each given one . 
subcutaneous dose of 0:5 mgm. diethylstilbcestrol in 
0:05 ml. arachis oil daily for 6 days. On the second 
day after the treatment with dethylstilbestrol 
ceased. the phagocytic activity of the reticulo- 
endothelial system was measured in five animals by 
the rate of disappearance of a known amount of 
specially prepared carbon from the circulating blood’, 
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the procedure used being that described previously, 
and the total body phagocytic activity or phagocytio 
index being denoted by the symbol K. On each 
successive day thereafter, up to the twelfth day, the 
phagocytic activity was measured in further groups 
of five animals. 

Twenty-five of the animals were used as controls 
and were given 0 05 ml. arachis oil once daily for 
6 days; the phagocytic activity was then measured 
on the eighth day by the carbon method referred to 
above. The arachis oil controls showed a phagocytic 
index or K value of 18 4- 5:8. 

Table 1. DURATION OF STIMULATION OF PHAGOCYTIO ACTIVITY OF 
THE RRTIOULO- “ENDOTHELIAL SYETAN AFTHR AFTER ÜBBSATION OF TREATHERT 


Day after cessation of 
6-day treatment with P 
dhethylstilbestrol 


Percentage 
change in 
body-weight 


ooytic index 
K value) 


90 +108 
Saag ‘1 
ete 


62 t: 
55 t+: 
36 + 
$4 +: 
23 ct: 
24 + 
24 te 
22 t 
$ 


e| AOH 
Ol Hagae D 


Control values in 25 animals 
a 





Th? results are shown in Table 1. Compared with 
the controls it can be seen that after treatment with 
diethylstilbcestrol ceased the stimulative effect on the 
phagocytes persists for approximately one week, 
during which time it gradually diminishes. By the 
eighth—-ninth day the phagocytic index or K value 
has returned to within normal control limits. 

A corresponding change in the body-weight of the 
animals also ocours. It was reported previously® that 
when the daily dose of diethylstilbw@strol rises above 
0-1 mgm. the animals lose weight. From Table 1 it 
can be seen that this loss in weight continues for 
about 4 days after the diethylstilbostrol treatment 
has ceased and thereafter there is gain in body-weight. 

In these investigations we gratefully acknowledge 
assistance from the Central Research Fund of the 
University of London and from the Medical Research 
Council. 

C. O. Warn 
T. Nico. 
Department of Anatomy, 
King’s College, London, W.C.2. 
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HAMATOLOGY 


Observations on Globin, Hæmoglobin and 
Haptoglobin using a Rabbit Antiglobin Serum 

AN antiserum against human globin was raised in & 
rabbit by immunization with globin prepared from 
adult hæmoglobin by the methods of Anson and 
Mirsky! and Jope, Jope and O’Brien’. A 1 per cent 
solution was injected subcutaneously in Freund’s 
adjuvant’, and intravenously. The resulting anti- 
serum precipitated both human globin and human 
hæmoglobın ; 1 ml. precipitated about 0-5 mgm. of 
hemoglobin. 
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Fig. 1. Immaunoelectrophoicsis with antigiobin antiserum 

A series of immuno-electrophoretic analyses in 
pH 7-0 0:05 M phosphate buffer in 0-8 per cent agar, 
using this antiserum, is shown in Fig. 1. The antigen 
cups are numbered. No. 1 contains human serum, 
which shows a faint precipitin line of a protein which 
has moved slightly towards the anode. This probably 
is haptoglobin-bound hæmoglobin. A 8 mgm./ml. 
solution of globin in 0-9 per cent sodium chloride was 
placed in cup 2. This shows a precipitm line due to 
protein which has moved towards the cathode, and 
in addition, a heavy precipitate of protein in the 
agar. A l mgm./ml. solution of globin in cup 3 shows 
a similar precipitate in the agar, but no immunologi- 
cal precipitate has occurred, presumably because of 
complete precipitation of the globin before it reached 
the antibody. The same concentration of hæmo- 
globin in cup 4 shows a precipitin line of similar 
electrophoretic mobility to the globin in cup 2. 

The remaining analyses illustrate the effect of 
increasmg the concentration of either globin or 
hæmoglobin in human serum. The same series of 
concentrations of both proteins was used, that is, 
0-3, 0-6, 0-9 and 1:2 mgm. per 1 ml. of serum. The 
mixtures containing globin in oups, 5, 7, 9 and 11 
and hæmoglobin in cups 6, 8, 10 and 12 are in 
order of increasing concentration. 

All the hæmoglobin mixtures show a curved pre- 
cipitin line of protein which has moved slightly 
towards the anode. In addition, at 10 and 123, there 
is a second are of precipitation on the cathode side 
of the origin, the two arcs of precipitate forming a 
continuous line. Filter-paper electrophoresis of the 
mixtures in cups 6 and 8 showed the hæmoglobin 





Fig. Z. Gel diffusion plate. Antiglobin antiserum in the vertical 
trough. Bees in serum in the left-hand trough. Homo- 
globin in saline in the right-hand trough 


to be entirely haptoglobin-bound, whereas those in 
cups 10 and 12 showed both haptoglobin-bound and 
also froe hemoglobin. The precipitin line on the 
anode side of the origin is therefore mterpreted as 
indicating haptoglobin-bound hæmoglobin, that on 
the cathode side being free hemoglobin, similar in 
mobility to that in cup 4. Similar double arcs of 
precipitate have been described by Boivin and 
Hartmann‘. 

All the globin mixtures show an aro of precipitate 
of identical mobility to the haptoglobin-bound 
hemoglobin, strongly suggesting that haptoglobin 
also binds globin.- In addition, the higher concentra- 
tions of globin at 9 and 11 show precipitation on the 
cathode side of the origin similar to that shown by 
free globin in cups 2 and 3. If 1t is assumed that this 
precipitate is free globin, this would indicate that the 
globin-binding capacity of human serum haptoglobin 
19 similar to its hemoglobin-binding capacity. 

Allison and Humphrey® deduced that when antigen, 
and antibody at optimal proportions diffuse towards 
each other from troughs at right angles to each other 
in an agar gel, a straight line of precipitation is 
produced. The angle 0 between the line and the 
antigen trough is related to the diffusion coefficients 
of the antigen (Dg) and antibody (Db) by the formula : 
tan 0 = (Dg/Dd)!!*. They substantiated this by 
measurements of such angles produced by a series 
of antigens covering a wide range of molecular size, 
and their equivalent antisera. The antiserum against 
human globin enables us to measure such angles for 
free hæmoglobin, and for haptoglobin-bound hemo- 
globin, that is for two proteins, antigenically identical, 
but of considerably different molecular size. 

Fig. 2 is a photograph of such an agar plate, in 
which the antiserum was placed m the vertical 
trough, and hæmoglobin in identical concentrations, 
at optimal proportions to the antiserum, in the 
horizontal troughs. The hamoglobin solution in the 
left-hand trough contained human serum at a’ con- 
centration equivalent to 1 ml. per 0-5 mgm. of 
hæmoglobin. Fuilter-paper electrophoresis confirmed 
that all the hemoglobin in this preparation was 
haptoglobin-bound. Straight lines of precipitation 
are obtained giving values of 9 for free hæmoglobin 
of 51°, and for haptoglobin-bound hæmoglobin of 
43°. 

ing & diffusion coefficient of rabbit y-globulin 
of 3-8 x 10-7 cm.? sec.-}, the diffusion coefficient of 
free hemoglobin can be calculated as 5:8 x 107 
(Gutter, Sober and Peterson’ reported a value of 
6-0 x 107 for carboxy-hemoglobin). The diffusion 
coefficient of the complex is calculated as 3:3 x 107. 
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These resulta show that straight lines can be pro- 
duced in this system when an antibody is treated at 
optimal proportions with its antigen at two widely 
different molecular sizes. The difference of molecular 
sizes 18 indicated by differences in the values of the 
angles @. 

We wish to acknowledge the assistance and advice 
of Dr. P. G. H. Gell. 
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Frequencies of the Haptoglobin Serum 
Groups among Blood Donors from 
Austria and Germany 


Tun frequency of the gene Hp? among the European 
populations so far tested have shown only a slight 
deviation of 40 per cent (Table 1). Samplesgfram 
Austria and Germany have hitherto not been 
examined. For our studies we used sera of 201 blood 
donors from Munster, Westphalia (Germany), 273 
blood donors from Bavaria (three districts of Upper 
Bavaria), and sera of 621 blood donors from Vienna 
and environs (Austria). 


Table 1 


Author(s) and ref. Population 


‘Harris et al, 
Butler et al,” 





A. modified technique of starch-gel electrophoresis? 
has been applied using polyvinyl chloride trays with 
10 channels (internal dimensions: 25 cm. long, 1 cm. 
wide, 0 8 om. deep) for electrophoresis. The hydro- 
lysed starch was obtained by the Connaught Medical 
Research Laboratories, Toronto, prepared by 
Smithies’ method. Three serum samples eto which 
hamoglobm was added amounting to 300 mgm. per 
cent were placed in each channel at a distance of about 
7 om. The sera were applied to filter paper, Schleicher 
and Schiill No. 5703. A borate buffer (pH 8:4) was 
used for the gel as for the electrode chambers. Electro- 
phoresis was performed with the high-voltage 
apparatus described by Wieland and Pfleiderer*. The 
voltage gradient was kept at 9 V./om. and 95 m.amp. 
for 20 channels during a period of hr. After 
electrophoresis the slides were stained with a benzidine 
or o-dianisidme reagent for peroxidase activity. 

The frequency of the three haptoglobin types and 
the gene frequenoy of Hp! are shown in Table 23. No 
individual of the Hp 0-0 group has been detected. 
The frequencies of the three phenotypes are in good 
agreement with the genetical theory of Smithies and 
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Walker. (y?-values between 10 and 50 per cent). 
The differences between the three samples are not 


ificant (y? = 6:46; d.f.= 2; P: `5 per cent 
> P>2 per cent). The frequency of the Hp! in the 
German samples is somewhat higher than in most 
other European populations that have so far been 
tested. 

The tests were carried ‘out at the University 
Institute of Anthropology and Human Genetics at 
Munich (Director: Prof. K. Saller) under a grant 
given by the Deutsche Forschungsgemeinschaft. , 

We are indebted to Dr. Paul Speiser, Vienna, to 
the Blutspendedienst der Landesverbände DRK 
Norgrhein und Westfalen-Lippe, and to Dr. Rasch, 
Munich, for the blood samples. ; 


H. Barrsox 
G. Mare 
Institute of Anthropology and 
Human Genetics, 
University of Munich. 
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‘Festal Hæmoglobin in the Monkey 


Soma well-known physico-chemical differences 
between human adult and fotal hemoglobin 
prompted us to find if similar differences exist between 
hæmoglobins from adult and new-born monkeys. 
The present communication describes the examina- 
tion of the blood of 8 adult and 4 new-born monkeys 
{Macacus rhesus of North India) by the alkali resis- 
tance test and paper electrophoresis. Pregnant 
monkeys wero obtained and were delivered in the 


NATURE 


' Proceduro. 





Fig. 1. Electrophborstio mobilities of- hæmoglobin from adult 
and new-born monkeys 


cage to provide the new-born monkeys. Heart blood. 
from the new-born and venous blood from the adult 
monkeys was collected in citrate solution. The 
alkali denaturation method of Singer et al.1 was 
employed for determining the proportion of alkali- 
resistant hæmoglobin. Electrophoresis was carried 
out in ‘Elphor’ apparatus-using paper strip No. 2043 
a Mg 1 at 260 V. for a period- of 16 hr. in veronal 
buffer of pH 8-6 and ionic strength 0-05. = 

ig. 1 shows the electrophoretic mobilities of 
hemoglobin from adult and néw-born monkeys. 
Hemoglobins. from both the adult and the new-born 
monkeys consist of one component only and have 
identical electrophoretic mobilities. Jacob and 
Tappen', however, obtained more than one com- 
ponent in a few of the other species of adult. monkeys 
examined by them. 

Table 1 shows the percentage of alkali-resistant 
hemoglobin found by us. - Adult monkeys contain 
1-0-5-0 per cent alkali-resistant hemoglobin, with 
an average of 2-9 per cent, whereas new-born mon- 
keys contain 38-8-80-0 per cent, with an average of 
48-9 per cent. Though the number of animals in the 
new-born group is rather small, the results are 
sufficiently mdicative of the existence of a specific 
footal hæmoglobin characterized by resistance to 
alkali denaturation. In a recent communication, 
Beaven and Gratzer? have obtained evidence of a 
specific fostal hæmoglobin by electrophoresis in agar 
gel. By using a moving-plate spectrograph, these 
workers have further shown that foetal rhesus monkey 
hæmoglobin has the tryptophan fine-structure band 
at about 389:7 mu, whereas the adult pigment has 
its band at 291-0 mu—ea condition very similar to 
that for foetal and adult human hmmoglobins. 

Characterization of the fætal monkey hæmoglobin 
by its resistance to alkali denaturation, however, 
allows its easy detection by a relatively simple 
The quantities of foatal hæmoglobin in 
the new-born monkeys have been measured at 
intervals of 15 days for 90 days in order to ascertain 
the time of disappearance of the fæœtal pigment. 
Table 2 shows the percentage of foetal hæmoglobin in 
the blood of these young animals. It was found that 
the amount of fotal hæmoglobin is reduced to 1-4- 


Table 1. PHROMANTAGM OF ALKALI-RESISTANT HÆMOGLOBIN IN ADULT 
AND NEW-BORN MONKEYS À 


New-born 


Animal Alkah-resistant Alkall-resistant 
No. hemoglobin (per cent) No hmmogiobin (per cent) 

1 1°8 1 38 8 

2 5 0 2 50-0 

8 45 3 470 

4 25 4 60 0 

5 8-4 — — 

8 10 — = 

7 80 = — 

8 20 — on 
Mean 2-9 Mean 48-8 
Rango 1 0-5 0 Range 38 -8—80 0 


978 
Table 2. PHRCHNTAGH OF ALKALI-RRSISTANT HAMOGLOBIN OF 
ALONEBYS AT DIFERENT DAYS AFTER BIRTH 

No.l No. 2 No. 8 No. 4* 
38 8 -50 0 47-0 60 0 
85 5 46 42 0 50 0 
15 5 25 8 20 8 19 8 
8:4 20-0 6-8 mo 
50 18 2 165 aed 
2-5 9 2 1:6 eed 
24 6 2 14 manen 





“ Animal No. 4 died on the fortieth day. 
+ 0 day indicates just after birth. 


6:2 per cent in the course of 60-90 days, with a vari- 
able rate of disappearance. For human new-born 
babies, though the amount of fostal hæmoglobin varies 
between. 30-0 and 85-0 per cent at birth’, it gradually 
disappears, so that not more than 10-0 per cent is 
found after 4 months” and less than 1-0 per cent after 
the first few years of life’. 

The close similarity between monkey and human 
hemoglobin reported here and elsewhere? indicates 
the need for further work using various parameters 
that characterize different hæmoglobin types. 


N. N. SEN 
K. C. Das : 
B. K. AIKAT 


Division of Hematology, 
Department of Pathology and Bacteriology, 
Institute of Post Graduate Medical 
Education and Research, Caloutta-20. 
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Differences in Numbers of Erythrocytes 
between Inbred Lines of Chickens 


No breed differences in numbers of red blood cells 
have been reported in poultry’ although Lucas and 
Dennington* have shown small differences in hæmo- 
globin concentration and in the volume of packed 
red cells between inbred lines of the same breed 
(White Leghorns, ag used ın this work). In the 
results reported here, much more extensive differences 
in all three characters, which appear to represent a 
distinct form of variation, have been found. 

Adult females of the Reseaheath inbred White 
Leghorn strains O, I and W were used. All three 
lines have been brother—sister mated continuously. for 
over 20 generations, but the attained level of inbreed- 
ing is probably well below the calculated figure, as 
segregation of genes for differences in red cell antigens 
18 still occurrme*. 

Egg production in the birds tested varied somewhat, 
but no differences could be detected between birds m 
lay and those out of production. The method of 
housing, too, differed in that some of the O-line and 
all the -hme birds (the blood from these birds was 
kindly supplied by Dr. D. G. Gilmour, School of 
Agriculture,’ Cambridge) were kept in semi-mtensive 
pens, whereas the rest were housed in battery cages. 
Again, there were no differences due to method of 
housing. 

The birds were bled from the brachial vein into 
heparin, approximately 2 ml. being removed for 
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determining hæmoglobin content and packed cell 
volurhe. Red blood cell counts could be carried out 
only.on birds of the C and W lines. 

For the hemoglobin estimation, the concentration 
of oxyhzemoglobm was read in a Spekker photo- 
densitometer, human blood with a known concen- 
tration being employed as the standard. Packed 
cell volume was determined by the microhmmatocnt 
method, using a micro centrifuge at 12,000 r.p.m. 
for 5 min. For red cells counts the methyl violet 
stain of Natt and Herrick’ was employed and counting 
carried out visually with the improved Neubauer 
hemocytometer. 

The results in Table 1 suggest that the differences 
in red cell characteristics between the inbred line O 
and the others are due to a reduction in the number 
of red blood cella in the O hne. Determination of 
plasma volumes with the dye dilution technique usmg 
azovan blue showed no substantial line differences, 
and indicates that a real reduction in numbers of 
circulating red cells is involved. 
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Table 1, DIVFHRENOES IX BED ORLU OHARACTERS BETWEEX INBRED 
LINAS 














Line i C 8 and 15 
(ref, 2) 
Hemoglobin concentration 
(gm /100 ml. blood) 10 8 9 9 7°2 9 86 
0-85 N.S. 0 85* e 
S.E. of duference 0 16* bad 
Number of birds 89 10 89 155 
Hematocrit (packed call 
volume, per cent) 886 326 23-8 30-9 
1 12 N.8. 1:12* 
8.6. of difference 0 77* 
Number of birds 31 10 88 155 
Number of red blood cells 
gions ml.) 3-06 2 80 3-03 
S.B. of erence 
Number of birds 11 12 155 















Mean cell volume (ue, } 102-0 
Mean cellular hemoglobin 
88-7 81 ¢ 38 1 
ular hemoglobin 
307 3808 80 8 32 3 





concentration (per cent) 
e 





* Significant at the 0 01 per cent level. N.S., not significant. 


Examination of blood films faled to reveal any 
evidence of reticulocytosis or other cytological signs 
of ansmia in the O-line ‘birds. The heart-rate (ag 
determined with a Cossor electrocardiograph) of 
birds of the C line averages 333, a value not signific- 
antly different from thet of 338 for the W line. 
Their mature body-weight (1°57 kgm.) is well below 
that of the W hne (2-00 kgm.), but exceeds that of the 
I line (1-29), whereas egg production (over a, 44-week 
period) of the C line is 134 eggs, compared with only 
80 for W, and 86 for the J line. 

Tests so far carried out show no etouei 
between the observed oligocytbæmia in line C with 
any hemoglobin abnormalities. Electrophoresis of 
hemoglobin solutions from birds of the O and W lines 
reveal no differences in the concentrations or mobili- 
ties of the two components previously reported by 
Johnson and Dunlap‘ either on filter paper at pH 8-6 
or on agar gel at pH 6-4. 

Further examination of the hwmoglobms for 
differences in resistance to alkali denaturation proved 
equally negative. Evidently a situation comparable 
with the human hmmoglobinopathies is not respon- 
sible for the differences observed in our inbred Imes 
of poultry. Differences were, however, observed in 
resistance of the erythrocytes to osmotic pressure. 
Cells from birds of line O begin to hemolyse at 
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Table 2. OSMOTIO EESISTANCH OF RAD BLOOD CELLS r 


Line Beginning of ioe End of heinolysis 
(godlam chlorid (sodium chloride, 
per cent) per oent) 
CG 0 495-0 -480 0 -300-0 285 
wW 0 -485—0 -420 0 -300-0 285 
Values quoted by 
Sturkie (ref. 7) between 0-47 and 0 40 0 28 


higher concentrations of saline than do those of the 
W lme.. 

Figures.baged on visusl assessments of the 
and end of hemolysis are given ın Table 2. The 
proportions of hæmoglobin in solution at different 
concentrations of saline were also estimated using a 
‘Unicam’ spectrophotometer set at 540 mu. 
as a percentage of the amount released by distilled 
water, these are shown in Fig. 1. 
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Fig. 1. Osmotic fragility curves 


Diminished osmotic resistance is frequently indica- 
tive of lowered resistance to mechanic&l damage, 
leading to a reduction in the average life-span of the 
cells. This possibility is now under investigation as 
18 the mode of inheritance of the condition. 

P. JAFFE 

School of Veterinary Science, 

University of Bristol. 
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PATHOLOGY 


Alkaline Phosphatase in the Meninges and 
in Meningiomas 


LirrLE is known about the factors which influence 
cartilaginous and bony metaplasia in tumours apart 
from the presence of calcified debris and mucinous 
infiltration in the stroma of these tumours. Willis! 
discusses the association of frequent bony metaplasia 
in carcinomas of the large intestine, and suggests 
that this may be associated with the alkaline phos- 
phatase content of these tumours. He furthermore 
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suggests that studies of phosphatases and other 
enzymes should be undertaken in tumours which 
show # tendency to bony metaplasia. The presence 
of an alkaline phosphatase in the ‘fibroblasts’ of 
fibrous dysplasia? and in the so-called fibrocytes of 
ossifying fibromas* certainly lends support to the 
oasifying properties of this enzyme in certain tumours. 

In view of the frequency of metaplastic bone 
formation in the dura mater, especially in the region 
of the falx cerebri and the high meidence of calcifica- 
tion and ossification in certain types of meningiomas, 
it was decided to investigate this problem with regard 
to its possible association with alkaline phosphatase. 

For this purpose two meningiomas were investigated 
histochemically. Morphologically one was classified 
as & meningothelial and the other as a psammo- 
matous type of meningioma. In addition, segments of 
the arachnoid and dura mater in the vicinity of the 
superior sagittal sinus were obtained from three 
different autopsies shortly after death and i 
histochemically. 

Alkaline phosphatase was demonstrated A TER 
to the methods described by Pearse’. A strong 
alkaline phosphatase was observed in the arachnoidal 
cap cells of the arachnoidal granulations and arachnoid 
membrane, and also in the arachnoidal cell nests in 
the substance of the dura and arachnoidal mem- 
branes. In the meningothelial meningioma a strong 
enzyme reaction was elicited by all the tumour 
cells and in the psammomatous type, the enzyme 
was localized to the cells around the psammoma 
bodies. 

The finding of an alkaline phosphatage*in the 
tumours and ther cells of origin. may offer some 
explanation for the frequency of metaplastic ossifica- 
tion in these sites. Of more importance, however, 1s 
that it supplies the pathologist with a method by 
which the relative proportions of arachnoidal cells 
and fibroblasts can be readily assessed in the tumours. 

Details concerning these findings and further 
experimental work will be published elsewhere. This 
work was supported by a grant from the Council for 
Scientific and Industrial Research. 


W. J. PEPLER 


Institute for Pathology, 
Beatrix Street, 

Pretoria. 

Feb. 3. 
t 4 
Mere (Butterworth gad Gaa Landon. TOES) pen ag ee 
*Changua, G. W., Cancer, 10, 1157 (1957). 
7 Pepler, W. J., J. Path Bact. (in the press). 


‘Pearse, A. G., E., “Histochemistry : Theoretical and Applied”, 460 
, (Churchill, ‘London, 1958). 


Isolation of a Cytopathogenic Agent from 
Skin Lesions of Cattle 


RECENTLY, we observed an outbreak of a disease 
in, indigenous cattle at Gikongoro, Ruanda-Urundi, 
characterized by lesions on the teats and occasionally 
on. other parts of the body and on the buccal mucosa. 
Material was obtained from nine cases, and with 
each sample transmission experiments were carried 
out in cattle. Following intradermal inoculation or 
scarification of the mucous membrane of the tongue, 
a definite reaction was noticed in five out of nine 
animals. This reaction was characterized by the 
development of necrotic lesions at the inoculation 
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site, which showed some resemblance to those de- 
scribed in both natural and experimental cases’ of 
lumpy skin disease!-3, 

An excised nodule from an experimentally infected 
calf was used for the inoculation of monolayers of 
bovine testis cells. Some cytopathic changes were 
observed already at the first passage, but they were 
much more marked at the second passage, and con- 
sisted of intranuclear inclusions and the formation 
of large synoytia. The syncytia covered the whole 
monolayer in a few days and led to complete 
destruction of the cell sheet. Similar changes were 
observed in cultures of lamb testis cells. The time 
.of appearance and the evolution depended upon 
the cell type and the age of the monolayer at the 
time of inoculation. 

The tissue culture-passaged virus was inoculated 
intradermally into a one-month-old calf, which 
developed a necrotic lesion about 5 cm. in diameter 
at the site of inoculation. Rabbits and guinea pigs, 
inoctilated by scarification of the skin with tho tissue 
culture-passaged virus, showed a marked local 
reaction after a few days. 

The agent we isolated shows characteristics some- 
what intermediary between those of the Neethling 
and Allerton types of viruses recovered from cases 
of lumpy skin disease by Alexander st al,* in South 
Africa and by Prydie and Coackley* in Kenya. It 
produces cytopathic changes closely resembling those 
produced by the Allerton type, but the reactions 
observed in experimentally infected bovines are 
similar to those induced by the Neethling type. On 
the other hand, the clinical symptoms in the natural 
cases are milder and somewhat different from those 
commonly described in other African countries. 

Further research is in progress and a detailed 
report of the experiments will be published elsewhere. 


Veterinary Research Laboratory 


and 
School of Veterinary Assistants, 
Astrida, Ruanda-Urundi, 
Central Africa. 
eee M. W., “Animal Disesgses In South Africa” (Cape Town, 
* Alexander, B Plowright, W., and Haig, D. A., Bull. Bote. Dis. 
Afr., 5, 489 wit 


7 Capstick, P. B., Bull. Eptz, Dis. Afr., 7, 51 (1959). 
‘Prydie, J., and “Coackley, W., Bull, Epis. Dis. Afr., 7, 37 (1959). 


Induction of a Chorion-epitheliomatous 
Tumour in the Rat l 


CHORION-EPITHELIOMA Of the uterus is & a relatively 
rare tumour with many interesting features. It 
occurs only durmg or after pregnancy, and invasion 
and metastasis only take place post-partum or post- 
abortum. Spontaneous regressions occur in a small 
but significant number of cases!. It 1s the only known 
instance of naturally occurring tumour homograft. 
A response to cestrogen therapy has been recorded? 
and remissions with folic acid antagonists have been 
reported?. 

The experimental induction of this tumour in 
laboratory animals would be of great interest. To 
our knowledge there are no records in the literature 
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of spontaneous or induced chorion-epitheliomas in 
rodents, though Fischer and Kuehl’ mention chorion- 
epitheliomatous structures in the ovaries of guinea 
pigs. 
A tumour of the uterus in the pregnant rat has been 
induced in the following manner. A rat foetus was 
removed after 2 weeks gestation by Cesarean section, 
the placenta being left in situ. Benzpyrene powder 
was dusted into the gestational sac and the uterus 
then closed. After 4 months, vaginal bleeding was 
noted and exploratory laparotomy revealed the 
presence of enlarged cystic ovaries and- thickened 
uterine horns containing haemorrhagic fluid. Five 
months after the application of benzpyrene, & large 
tumour about 40 mm. xX 30 mm. was palpated in the 
abdomen and the animal was killed. At autopsy a 
large, white, firm, nodular tumour measuring 60 mm. 
was seen in the uterine horn. There were numerous 
secondary deposits in the abdominal cavity. In the 
lungs there were pneumonic patches but no secondary 
deposits. Histologically, the tumour was a highly 
anaplastic growth having both sarcomatous and 
decidual elements. Many mitoses were present. 
This tumour was transplantable with a 100 per cent 
yield on subcutaneous passage and kills the host in 
7—10 days. 

The Ascheim—Zondek test was negative—but it 
was equally negative with urine from normal pregnant 
rats. Animals bearmg intrauterine kaka, sees 
tumours or very large subcutaneous growt 
hsamorrhagic or lutein cysts m the ovary. 

The action of folic acid antagonists on this tumour 
is being studied. Preliminary investigations have 
shown that it is sensitive to ‘Methotrexate’! if the 
drug is given in high doses. An attempt is also 
being made to determine the sex of the tumour 
cells. 

Twenty-five rats were similarly treated with 
benzpyrene and it appears that tumours are develop- 
ing in two more animals. 

A detailed report on this work will follow shortly. 

I am indebted to Dr. S. 8. Epstein “for helpful 
discussion and criticism, and to Dr. C. P. Cherry for 
histological examinations. 
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R. Srern-WERBLOWSKY 


Marie Curie Hospital, 
66 Fitzjohn’s Avenue, 
London, N.W.3. 
May 10. 


* Parle, W. W., and Lees, J. C., Arch. Path., 49/1, 78, and 49/8, 208 
* Dowling, "B. A., Southern Med. J., 50/2, 211 (1987). 
2 Hinglais, H., and Hinglals, M., O.R. Soe. Biol., Paris, 147, 555 (1953). 


‘Hertz, R., enstal, D. M., Lipeett, M. B, Price, B. B., and 
Hilbish me. _ Amer, Med. Assoc., 188/7, 845 (1058). 


s Fischer, W. an ma oa L “Geschwuelste der Laboratorlumsnagetiere, 
74 (Ste a E 58). 
* Bnokis, A. a a Brit. Med. 7 ii, 1210 (1959). 


Presence of Chicken Tumour Virus in the 
Sarcoma of the Adult Rat inoculated after 
Birth with Rous Sarcoma Tissue 


THE heterotransplantation of Rous sarcoma to new- 
born rats results in lethal hamorrhagic disease occur- 
ring ın these animals’. Svet-Moldavsky succeeded 
in determining the mfectious virus in hemorrhagic 
cysts, while Zilber and Kryukova' and Kryukova‘ 
had negative results. In our experiments, the virus 
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was not found in every case, but we observed it in 
some of the animals**. Svet-Moldavaky* has also 
shown that Rous virus can mduce the formation of 
rat sarcomas which do not contam the virus. On the 
basis of our material we came to a similar conclusion. 
In 2 out of 87 young rats moculated 1-7 days after 
birth with.a single dose of 0 3 ml. of cut fresh Rous 
sarcoma tissue diluted with physiological saline to 
make a 50 per cent suspension, large sarcomas were 
found in thigh muscle tissue im addition to hamor- 
rhagic cysts occurring. in other parts ‘of the body. 
The first case, wag observed 5 months and the second 
one 7 months’ following inoculation of Rous sarcoma ; 
the cyst was localzed in the “axillary region, whereag 
the sarcoma grew in the thigh. muselo of the hind 
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Table 1. TESTS FOR THE PRESHNOM OF AVIAN TUMOUR VIRUS IN THE 
WALL OF THE HAMORRHAGIO Oyst, IN BLOOD, SARCOMA AND TIS 
FIRST PASSAGE, MADE ON 20~-20-DAY OLD CHICKENS 


Material taken from the adult rat Inoculated after birth with Rous 
sarcoma tissue 


Dose of 50 per cent 


No. 4728 


tissue suspension No.of No.of chickens 
Inocula iu physiological chickens dcad ~ from 
saline (i.m.) MOours 
th wall 0 8 ml. 8 1 
Blood from the cyst 2 5 mL* 2 0. 
Sarcoma i mi, 2 1 
First passage of sai- : ; 
coma in new-born : 
rats. Removedon - + e 5 
teenth day and Me n 
dated with 7 F sry 
6,000 r 1 ml, 3 , 2 


* Undiluted whole blood from the cyst, 


In the cage of the cyst, the presence of virus in the 
cyst walls, blood and tumour was shown after 
transfer of these tissues to chickens (see Table 1). 
In the cage of the sarcoma, the blood remaimed ım- 
effective, thus excluding the possibility of a mechani- 
cal transmission of the virus mto the sarcoma. The 
virus was found to be present m the first passage of 
sarcoma made on newborn rats and taken on the 
sixteenth day after transplantation. Before transfer 
to chickens, the tumour tissuo was killed by iradia- 
tion with 5,000 r. When tumours of the first passage 
were tested in chickens after 36 days, metastasizing 
sarcomas were also obtained (results not included m 
Table 1). In addition, KryukoVa* found that after 
infection of rat 4-1 sarcOma in: vwo with Rous 
sarcoma virus, ıt was impossible to detect the virus 
after 6 hr. The M-1 sarcoma cells incubated with this 
virus when transferred into rais likewise mduced 
tumours which do not, however, contain the virus. 
Thege findings emphasize that in our experiments an 
intumate association of virus with mammalan tumour 
cells took place which was promoted by infection of 
ontogenctically immature recipients. 

All tumours obtained in chickens macroscopically 
and microscopically resembled the Rous sarcome and 
contained a large amount of viscous intercellular 
ground-substance. Their growth was very similar to 
the growth of Rous sarcoma ın non-tolerant’ and 
tolerant’ turkeys. At the site of implantation—in 
the pectoral region—distinct tumours were observed, 
but they never reached a large size, because the 
anunels succumbed to a metastatic effusion localized 
largely ın the lungs. The tumours were transferable 
to chickens both by means of tigsue suspension and by 
extracts obtamed through centrifugation at 13,000g 
for 15 min. However, after re-transplantation to 
newborn rats they did not grow. 

All the findings provide evidence that the avian 
virus may participate directly in the formation of 
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mammalian sarcomas and may be present there in an“ 
ynfectious form. 
Jan SVOBODA 
Biological Institute, 
Czechoslovak Academy of Sciences, 
Na cvidisti 2, 
Prague 6. 

1 Alber, L. A., and Kryukova, I. N., Vopr. Prrusol., 4, 289 (1957). 
* Svot-Moldavaky, GQ. J., Nature, 180, 1299 (1957). ~= 
Svoboda, J., and Grozdanovit, J., Fola Biol. (Pragus}, 5, 46 (19598). 
t Kryukova, I. N., Vopr. Virusol., 4, 486 (1059). 
* Svoboda, J., and Grozdanovit, J., Folia Btol. (Prague) (in the press). 
' Svet-Aoldavaky, G. J., Nature, 182, 1452 (1058). 
? Duran-Reynals, F., Cancer Res., 3, 569 (1948). 
* Svoboda, J., and Hašek, M., Folia Biol. (Prague), 3, 256 (1956). - 
* Kryukova, I. N., and Leimeva, O. AL, Vopr. oskol., 5, 8 (1959). 


RADIOBIOLOGY 


Effect of X-Rays on the Development of 
the Infective Larve of Oesophagostomum 
radiatum (Rud. 1803) (Strangylidae : 
Nematoda) 


FoLLowine a report by, Jarrett et al.) on the stimu- 
lation of resistance in sheep to infestation with 
Haemonchus contortus by dosing with -X-irradiated 
infective larvæ, investigations are bemg undertaken 
at this laboratory on the value of this technique in 
producing resistance in calves to gastro-intestinal 
helminths. 

In a trial with Oesophagostomum radtatum in which 
calves five months old and reared worm-free were 
used, 4 animals were each given 7,000 normal infective 
larve-and 10 others a similar number of infective 
larvæ oxposed to 20,000 r. of X-radiation. The radja- 
tion was given in a single doge at 1,000 r. per min. 
on a 220-kV. ‘Maximar’ at 220 kV., no filter, H.V.L. = 
0-4 mm. copper. Calves from the group given irradi- 
ated larvæ were killed and examined for worms 3, 4, 
5, 6 and 8 weeks after infestation, and a calf from the 
control group 6 weeks after infestation. 


Table 1. WORMS PRESENT IN CALVES GIVEN X-IRRADIATRD (20,000 R). 
AND UNTREATED LARVA OF Ossophagostomum m 


Worms present 





Time after ım- 
featation (weeks) Sth stage | 4th stage | 8rd stage 

si 3 
160 2,140 0 
920 40 45 0 
465 5 105 0 
268 4 9 0 

1,440 75 0 0 

1,825 | 1,880 0 0 





The results of these examinations are set out im 
Table 1. Although only one calf in tho control 
group was examined, the proportion of male to female 
worms ın this animal was in conformity with that 
found in calves used in earlier studies on infestations 
with untreated larve. The presence of fourth-stage 
larves in the calves killed at 4, 5 and 6 weeks is not 
considered to be a result of radiation, for numbers 
of this stage have been seen in calves given single 
doses of untreated larve and killed at comparable 
times. The mam effect of this level of radiation there- 
fore was to prevent the establishment of an adult 
male population in normal numbers. 
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Tho fæcal egg counts of the survivors of the control 
group followed the trend usually seen in experi- 
mental infestations, whereas the egg counts of the 
survivors of the group receiving treated larvæ 
remained at a low level or were negative. Female 
worms from the calves of the latter group killed at 
5, 6 and 8 weeks contained eggs which appeared to be 
infertile, and afterwards it was found that most of 
the eggs in the feces of the surviving calves of this 
group could be detected only by sedimentation, as 
they did not float in the salt solution used in the 
standard egg counting technique. of Roberts and 
O’Sullivan’. No division of the cell had occurred, 
and the eggs did not develop in fecal oultures. 

In addition to the selective action on the larve 
destined to be males ıt 18 possible then that the level 
of X-radiation used also had a sterilizing effect on 
one or perhaps both sexes, as recorded by Schwartz? 
for larvæ of Trichinella spiralis exposed to X-rays. 

Further details of this experiment will be published 
elsewhere. 


R. F. REX 
R. K. KETE 
a1 Division of Animal Health, 
Commonwealth Sciontific.and Industrial Research 
Organization, - - 
Vecarniaey Parasitology Laboratory, 
Yeoerongpilly, 
Queensland. 
1 Jarrett, W. F. H., Jennings, F. W., McIntyre Mulligan, 
n and Sharp, N. 0. O., Amer. J. Vet. Res., raag, ser Ter a 


Gat H. 8., and O'Sullivan, P. J., Aust. J. Agrio, Rss., 1, 00 
 Sohwartz, B., J. Agric. Res., 20, 845 (1921). 


Stimulating Effects of Nuclear Radiations on 
Development and Productivity of Rice Plants 


In & report! which came to our notice in 1956, 
Kuzin showed the presence of the stimulating effects 
of ionizing radiations on the growth and development 
of several agricultural crops save rice. It was there- 
fore felt demirable to study a possibility of obtaining 
an increase in development and productivity of rice 
crop through treatment with nuclear radiations. 

Dry grains of rice varieties 033-18 and D17-88, 
the moisture contents of which had been stabilized 
m & room maintained at about 70 per cent relative 
humidity for 9 days, were exposed to 500 r., 1,000 r., 
and 1,500 r. of y-rays from a 1,000-c. ‘Theratron 
Junior’ cobalt-60 teletherapy unit. Germination tests 
were conducted on moist filter papers in Petri dishes. 
The sprouts were transferred to nursery pots on the 
fifth day. When 30 days old, the seedlings were 
transplanted in unfertilized plots, each measuring 
5 ft. by 33 ft. Plant heights and panicle lengths 
were taken just before harvest, followed by thorough 
gleaning to make up for the loss due to lodging. 
The results are summarized in Table 1. 

Application of both tegged and untagged mono- 
ammonium dihydrogen orthophosphate, each in 
concentrations of 20 lb. phosphate/A., 40 Ib. phos- 
phates/A., and 60 lb. phosphate/A., to 6 plots of 
39-day old transplants of rice variety C28-16 at the 
ground-level, was made on the ninth day after trans- 
planting ; the specific and total activities used being 
175 uo./gm. total phosphate and 4554-82 uo., respec- 
tively. The results for plant height and grain yield 
are presented in Table 2. 

From Table 1 it appears that germination per- 
centages of both control and irradiated seeds are 
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Table i, EFFECT OF PRATS ON SEED GERMINATION, PLANT 
Haut, PANICLH LENGTH RAIN YOLD OF RIOR VARIETIES 
083-18 and D17-88 TESTAD IN 1959 
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* Shortest plumule and longest radicle. 


the same in D17-88 and almost equal in C33-18. 
The yield response of C33-18 is positive and progres- 
give at all three dosages, whereas that of D17-88 at 
500 r. and 1,000 r. is positive, but regressive at the 
latter, and negative at 1,500 r. of y-radiation. Over 
the range tested, dosages of 1,500 r. and 500 r. of 
y-rays seem to be the best for the highest crop 
return of (33-18 and D17-88, respectively. Generally, 
no clear-cut differences in panicle length and plant 
height among the control and irradiated D17-88 are 
obtamed. Apparently, there is some conspicuous 
difference only in plant height between control and 
irradiated 033-18, especially at the 1,000-r. level. 

It is worth recording an observation that® the 
number of plants lodged progressively increased from 
a very few at the 1,500 r. level to 100 per cent in the 
control in both varieties just before the maturity of 
grains. Irradiation treatment therefore seems to 
promote silicification of cell walls, that is to say, 
structural strength, through its favourable influence 
on utilization by rice plants of potassium and/or 
silicon from the soil. This point is being further 
studied. 

Table 2 indicates that C28-16 yields considerably 
better and higher at all three levels of radioactive 
phosphate ‘additions than at the corresponding levels 
of non-active phosphate applications. An increase 
in the yield of grain dropped by 16-17 per cent due 
probably to a relatively large total sotivity at the 
level of 60 lb. phosphorus-32 phosphate/A. A 
noticeable gain in stature over plants treated with 
phosphorus-31 is found among plants subjected to 
748:36 uc. and 1617-92 ue. of phosphorus-32. 
Although phosphorus-32 has a short half-life of 
14:30 days, and its activity in plant body and the 
soil is no longer readily detectable about 3-4 months 
after fertilization, it cannot as yet be recom- 
mended for practical applications in view of the 
serious problems of radiation protection and health 
hazards. 


Table 2, Krruot OF PHOSPHORUE-81 AND PHOSPHORUS-82 ON PLANT 
Haraut AND GRAIN YIELD OF BION VARIETY 028-16 TRSTHD IN 1950 


Total 
activi 
of "P 

(uc.) 


Average Tn 
neroase 





Oal 
Bucks. 
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These results are clearly indicative of the stimula- 
tive effects of comparatively low levels of both 6- 
and y-rays on the growth and productivity of rice 
plante. The varietal difference in reaction to an 
equal dose of the same kind of nuclear radiation is 
observed. Future work is planned to test the stability 
or otherwise of these effects in the following season, 
and the overall interaction between y-ray treatment 
of dry seeds over a wider range of doses, and the 
non-active or radioactive phosphate additions to be 
made later at various stages of plant growth from 
uradiated seeds of rice. 

Thanks are due to U Hla Nyunt, director of the 
Union of Burma Atomic Energy Center; U Khin, 
director of the Department of Agriculture, and 
U San Khin, chief research officer, Agricultural 
Research Institute, for their support m the course 
of this work. : 
Mauna Mya THAUNG 


Department of Agriculture and Biology, 
Union of Burma Atomic Energy Center. 


* Kusin, A. A., Proo. Firat Int. Conf. on Peaceful Uses of ‘Atomic 
Energy, cr 149 (Geneva, 1956) 


A Comparison of lodine-124 and lodine-13] 
Thyroid Dosimetry 

*Tme purpose of this communication is to show that 
the approximate estimate given by Doniach and 
Francos! of the ratio R of the quantities (m me.) of 
iodine-124 to iodine-131 required to give the same 
average dose (in rads) to rat thyroids has been 
modified by more exact calculations; further, to 
demonstrate the effect of some biological variables on 
this ratio; and to discuss the implications in treat- 
ment of human ‘thyroid disease with radioactive 
iodine. There are two such implications. First, the 
average doses within the human thyroid can be 
calculated for 10dine-124, within certain limits of 
error, because the maximum and minimum do not 
differ by more than about 3:1. For iodine-131, 
however, with 8-particles of much shorter range, the 
extreme non-uniformity of dosage, varying from 10:1 
to 100:1 in thyroid tumours*.*, would appear to 
render such estimates of ‘average dose’ of limited use. 
Iodine-124 would therefore be a therapeutic tool of 
greater precision than iodine-131, both for the control 
of thyrotoxicosis and for thyroid carcinoma. The 
accurate prediction of the amount of isotope required 
to be administered, which is possible, but is not 
always thought necessary for 10dine-131, would be 
more worth while for iodine-124. 

The sacond implication arises from the possibility 
that a smaller ‘average physical dose’ of relatively 
uniformly distributed radiation is required to produce 
the same biological-effect in the rat thyroid than a 
given ‘average dose’ from iodine-131. Doniach had 
previously found a gain factor F of about 5: I in rats 
for Xtrays relative to iodine-131, after allowance for 
the different duration of irradiation, both in the 
mbhibition of thyroid hyperplasia and in the induction 
of thyroid tumours‘,®. Such gain factors should be 
enhanced in the human thyroid. The ratio of the 
miullicurie quantity of iodime-124 to that of icdine-131 
required to produce a given biological effect in a 
thyroid gland is not simply the ratio F of the ‘average’ 
physical doses, but is R/F. The factor F will be 
greater than if uniform radiation is more 
effective than the same ‘average dose’ of non-uni- 
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formly distributed radiation. A more relevant value’ 
of F may now be derived from the experment of 
Doniach and Francois!, since this experiment com- 
pares the effect of the two internally administered 
isotopes in rats. 

Values of R (between 1:0 and 1:7) have been 
discussed®,’ for human thyroids but values of F have 
yet to be determined. 

To Doniach and Francois’s experimental finding! of 
R/F = 1-8(+0-2 standard deviation) in rats, we wish 
to add that the theoretical ratio is R = 2-29, if the 
folowing assumptions are made. Variables are 
discussed below.. The shape of the thyroid gland was 


-assumed to be a pair of cylinders each 6 mm. long and 


2 mm. in diameter, of total weight 31:4 mgm., with 
centres 5 mm. apart, except where otherwise stated. 
The biological half-life was taken as 100 hr. The 
cylindrical shape gives. rise to computational prob- 
lems; the solution of which will be described else- 
where’. Allowance was made for. radiation not 
absorbed within the gland. The k-factor of iodiné-124 
was taken to be 7-0 (refs. 8-10).’ The proportion of 
iodine-126 present as a contaminant of the iodme-124 
was assumed to be 0-22: 1 (in me.), so as to be con- 
sistent with the material. used by. Doniach and 
Francois. The nuclides iodine-123 and “iodine-125, im . 
the amounts which were present, would not affect 
these results. The dose at the centre of one spherical 
lobe due to the other lobe was estimated to be less 
than 1 per cent and so this‘ effect was neglected. 

The biological half-hfe affects these results as shown 
in Table 1. 


Table 1 
FR (iodine-124 me. /lodine-181 me. 
Biological half-life to gio e equal ava average physical doses 
n rads—2 oylinders) 

2-9 days 2 22 
4°17 days 2-29 
5 days 2 80 
10 days 2°40 
2°44 


The fact that the maximal uptake is not achieved 
instantaneously would only increase these ratios by 
about 2 per cent. 

Variation in the shape of the organ will affect the 
ratio as shown in Table 2. 


Table 2 
Shape R (biological ¢,,. 5 days) 
Two oylinders as above (31 mgm.) 2-80 
Two spheres (total 80 mgm.) 2-12 
Single sphere (total 80 mgm.) 1°88 


Variations in weight of the rat thyroid will affect 
the results. The values given in Table 3 have been 
calculated for a pair of spheres"!, since this model 
shows the magnitude-of the variation with sufficient 
accuracy. j 


Table 3 
Welght of pair of spheres R (biological tya 5 days) 
20 mgm. 2°21 
. 25 mgm. 219 
` $0 mgm. 2°12 


It will be seen that the extent of these variations 
is not unduly large compared with other errors in 
such experiments. 

It should be mentioned that the proportion of 
iodine-126 present affects the calculated ratio R. This 
factor is not, of course, a biological variable, and the 
proportion present in any specimen of iodime-124 can 
be determined. In Doniach and Francois’s experiment, 
the accuracy of this determination was +5 per cent, 
and the change in R resulting from a change in 
proportion of iodine-126 from 0°21:1 to 0-23:1 
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would be from R = 2 32 to R = 2-26. (Subsequent 
batches of iodine-124, produced by bombardment at 
30 MeV. instead of 18 MeV., have contained much 
smaller proportions of iodine-126.) 

The general conclusions are not affected by such 
variations as are likely to occur. In particular, the 
experimental ratio for R/F of 1-8 + 0-2 (excluding 
the k-factor uncertamty) found by Doniach and 
Francois is lower than the calculated value of R = 
2:29, but the difference is only about twice the stan- 
dard deviation of the experimental results. This 
shows that the gain factor F must be between 1 and 
1-4. Therefore if the better uniformity of doge 
distribution affects this result per se, then the effect 
is small compared with the known non-uniformity of 
concentration of iodine-131 in rat thyroids!?, which 
was 5:1 for individual follicles. However, these 
follicles are of the order of 0-05 mm. diameter so that 
the dose in rads 1s likely to vary by leas than 2:1 
even for iodine-131. ‘ Therefore the exper:mental 
value of F is not inconsistent with the dosage non- 
uniformity factor in rat thyroids. The results of the 
comparison of X-rays and iodine-131 referred to 
above’ depend upon other factors, that is, dose-rate, 
duration of exposure, and lower iodine upteke and 
dosage at the periphery of the glands. They are 
likely to be less ‘relevant than @ comparison of two 
isotopes. 

In human thyroid tumours, however, there are 
areas up to 5 mm. diameter with little or no uptake 
of iodine’, so that here F may be much greater. 

Our thanks are due to the director of this Unit, 
Dr. C. A. P. Wood. 

C. M. E. Marranws 
J. F. FOWLER 


Medical Research Council 
Radiotherapeutic Research Unit, 
Hammersmith Hospital, 
London, W.12. 
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BIOLOGY 


Are Macromolecules Required for Growth 
of Single Isolated Mammalian Cells ? 


‘A FEW strains of mammalian cells have been grown 
from large inocula in a protein-free medium!; but 
the multiplication of single isolated cells requires that 
the medium be supplemented with protem, usually 
supplied as whole or dialysed serum’. Recently, it 
has been shown that for HeLa cells the serum can be 
replaced by two purified proteins, fetuin and 
albumin®. However, the role of these proteins is 
obscure. The following experiments demonstrate 
that for one cell strain, at least, the role of serum 18 
not to supply protein as such, but probably to act as 
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a source of essential growth factors of low molecular 
weight. 

Horse serum was dialysed aseptically on a shaker 
at 5° O. for 24 hr. against 4 vol. of Parker’s chemically 
defined medium, CM RL-1086 (phenol red omitted)‘. 
In some experiments several such 24-hr. dialyses were 
carried out on the same sample of serum. L cells 
(strain 929 E) were immediately plated in the 
dialysates, using a procedure described previously*. 
Fresh dialysate was used for feeding the cultures, 
after one and two weeks of incubation. 

While in CMRL-1088 alone, the cells failed to 
undergo even a single division; after incubation for 
five days in the dialysate most cells had grown into 
microcolonies. Cell multiplication continued until 
these colonies contained several thousand cells each. 
The plating efficiency was about the same as with 
20 per cent serum (Table 1). Growth-rates were 
about the same in both media. 


Table 1. PLATING EFFIOMNNOY OF G STRAIN CELLS IN ARDIA WITH 
AND WITHOUT MACROMOLECULAR COMPONENTES 


Plating efficiency * 


OM RI-1066 + 20 per cent whole 


horse serum 

OMRE-1066 + 20 per cent dialysed 
horse sa uin 

OMRI-10 

OMRL-1068 dinlysedt against whole 
horse serum 





* Percentage of 100 cells added to each Petri dish which formed 
macroscopic colonies. 
A + In experiment 8 the serum was subjected to two previous 24-hi. 


Whole horse serum was dialysed against one-half volume of 
CARE-I for 24 hr. at 5° C, 

In the presence of serum the cells exhibited many 
cytoplasmic granules, were roughly polygonal in 
shape, and closely adherent. In striking contrast 
was their appearance in the dialysate. Here the cells 
contained relatively few granules, were extremely 
fusiform, and were seldom in contact with one 
another. (his tendency for cells in the dialysate to 
separate from one another was also noted ın attempts to 
adapt L cells to grow continuously from large inocula 
in CMRL-1066 alone. Possibly this behaviour may 
be characteristic of growth in a protem-free medium. 

When the standard 24-hr. dialysis was repeated 
three times on the same sample of serum, the final 
dialysate gave as high a plating efficiency as the first 
(Table 1, Exp. 3). This result would be expected 
from the equivalence of whole and dialysed serum in 
supporting cell growth. However, the amount of 
active material at any time was small, since even a 
twofold dilution causes a marked (fivefold) drop in 
plating efficiency. Dialysates did not give the biuret 
reaction, indicating that the concentration of pep- 
tides, 1f present, was low. 

These experiments demonstrate that serum as 
such is not required for the multiplication of single 
EL cells. It is possible that dialysis against serwnh 
may adjust the concentrations of the constituents 
already present in CIZRL-1066, but ıt is more likely 
that serum is supplying one ormore essential dialysable 
growth factors not present in the synthetic medium. 

Some batches of horse serum have failed to yield act- 
ive dialysates. A possible reason for this is advanced 
in a paper by Eaglet which appeared as this communi- 
cation was being written. His experiments show that 
cultures inoculated with 105 L cells per ml. failed to 
grow in a chemically defined medium separated by a 
‘Cellophane’ membrane from dialysed serum unless 
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proteolytic enzymes were added to the serum com- 
partment. This suggests that growth factor(s) was 
released by breakdown of the serum proteins. Since 
proteolysis of serum varies with temperature and time 
of storage’, neither of which was controlled in my 
experiments, such variation could explein my failure 
to obtain active dialysates in some instances. This 
hypothesis is being tested. If, indeed, proteolysis ıs 
responsible for the releage of growth factor(s), then 
trace amounts released without added enzymes might 
allow growth of small numbers of isolated cells, but 
be inadequate to support the dense populations 
employed by Eagle. 

This work was supported in part by a research grant 
from the United States Public Health Service 
(C-4534). 
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Non-specific Tolerance of Graft and the 
Dissociation of Two Types of Immunity 


Previous work with induced immunological toler- 
ance of skin grafts presented evidence of a strict 
specificity of acquired tolerance. The ‘non-specific’ 
tolerance chould be induced in ducks by injecting 
them with a mixture of bone marrow and spleen cells 
from 60 pooled donors'. This finding, as well as other 
observations of ‘non-specific’ tolerance? can be 
explained by the antigenic ovorlapping between 
individuals genetically related to a certain extent. 
However, it was shown. that, when heterografts were 
tolerated, tolerance of heterografts from other indi- 
viduals of the same species could be also obtained. 
In one instance, tolerance of a turkey homograft? was 
found in a turkey which tolerated two chicken 
heterografts. j 

In chickens that had been in embryonal parabiosis 
with turkeys, the tolerance of skin heterografts im 
postfoetal life is of a much lower degree than that 
observed in turkeys. We have therefore sought to 
find ous whether these animals would be able to 
tolerate chicken homografts even though they did 
not tolerate, or only partially tolerated, the turkey 
heterografts. In seven chicken parabionts, skin 
heterografts transferred at 14 days of age never sur- 
vived longer than 20 days after transplantation. 
However, in five chickens, homografts continued to be 
tolerated. On four of them feathers grew, and the 
first signs of their destruction (feathers falling off, 
minor necrosis) were observed 36-60 days after 
transplantation. The destruction proceeded slowly 
and the final destruction of homografts was very 
difficult to determine (Fig. 1). 

It does not seem probable that the heterologous 
antigenic complex would involve the antigens which 
are necessary for the induction of homologous toler- 
ance. Hašková (unpublished work) did not find 
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No. of casea 
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Fig. 1. Occurrence of the first signs of homograft destruction 

in biotic chickens with partial heterologous tolerance. 

A, lantation of skin at two weeks after hatching; B, th 

Itmit of maximal survival of homografts on control chickens 
and of hete:ogiafta on parabiotic chickens 


that rat heterografts would induce immunity ın OBA 
mice to skin homografts from C 57 and A strains of 
mice. Donors selected at random for homotrangplant- 
ations ın tolerant animals, and the persistence of 
homografts after the heterografis were sloughed, 
are inconsistent with the fact that individual specific 
antigens possessed m common by the two species 
might be volved in inducing this type of tolerance. 
Tt can be assumed that all heterologous cells were 
eliminated from the organism by the immune reaction 
and together with them all the sources of heterologous 
antigenic stimulus. The destruction of heterografts 
likewise shows that the animals are capable of 
unmunological response. It seems, therefore, more 
probable that this non-specific immunological toler- 
ance of homografts ia due to a somewhat more 
complex mechanism. The heterologous antigenic 
complex induces in the embryo simultaneously and 
in even & higher degree the tolerance to homologous 
antigens which are not present. 

In addition, the dissociation of two types of immun- 
ity has been found in tolerant animals, namely, trang- 
plantation ummunity to skin grafts and antibody 
formation against erythrocytes, which is analogous 
to that found by Stark, O., Frenzl, B., and Křen, O. 
(personal communication) in homologous relation- 
ships in chickens. In turkey pareabionts with a 
chick, the chicken heterografts are frequently toler- 
ated for several months. In Fig. 2 one such cage is 
moluded ; the chicken graft tolerated by the turkey 
had been transferred to ıt 14 days after birth. The 
interspecies blood mosaicism disappeared from the 
turkey’s circulation within two weeks after hatching. 
Between the eighth and twelfth week after hatching, 
immunization of animals with chicken blood was 
produced and around the graft repeated local applica- 
tions were made of a large amount of turkey antiserum 
against chicken blood. The akin graft from the 
partner survived in spite of the fact that the recipient 
produced agglutinins against chicken erythrocytes of 
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Fig. 2. Behaviour of a heterograft and formation of hetero- 

A in a parabiotic turkey. 4, Transplantation of chicken 

8 from the partner to a 10tic turkey; B, immunization 
with chicken blood; C, passive transfer of antiserum 


the partner after starting with immunization. The 
first signs of destruction of the graft occurred seven 
weeks after the immunization had ended. 

It may be possible that the formation of agglutinin 
and® transplantation immunity are induced by 
different antigens ; however, ıt seems more probable 
that the identical antigen releases two different types 
of immune mechanism. This difference may be due 
to binding the antigen with other substances which 
have no antigenic determinants, but do affect the 
further fate of the antigenic stimulus. Moreover, it 
appears -that in heterologous relationships, the 
eirculating antibodies do not disturb the tolerance of 
skin grafts, and the repeated local application of 
large amounts of heterologous serum (28 ml. within 
9 days, the titre being 1:32) obtained by blood 
immunization fails to result in graft destruction. 
As in the case of a homograft‘, the serum antibodies 
do not induce the destruction of a tolerated graft. 


MirnaNn HAŠEK 
JAN Hort 
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Retarded Development of Ostertagia 
Species in Sheep 


SoMMERVILLE.* has indicated that the immature 
stages of Ostertagta species in sheep may remain 
dormant or slowly developing over a considerable 
period within the abomasal pits and glands. The 
factors controlling this delayed development have 
not yet been elucidated. 

Experiments have been carried out to determine 
whether the size of a single infesting dose will influence 
the percentage of larvæ remaining in a partially 
developed state. Young sheep that had been raised 
‘worm-free’ (excepting for Strongylotdes species) 
were used. They received by a flank injection into 
the rumen either 1,000 .or 100,000 infective larvæ. 
Autopsy was carried out 14 days later and a peptic 
digestion technique was used to ensure complete 
recovery of larve within the abomasal mucosa. The 
length was measured of at least 200 or 400 developing 
worms at the low and high dose-level respectively. 
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At the higher dose-level a clearly bimodal size 
distribution appeared in each of the three lambs in 
this group. Of the developing larval worms 38-75 
per cent were only l-2 mm. in length; relatively 
few were 3-5 mm. and the remainder were grouped 
withm and around the 5-8 mm. range, as seen in the 
accompanying composite frequency polygon prepared 
by combining the data from within each group of 
sheep (Fig. 1). Accurate mean, modal or median 
points cannot be obtained from these measurements 
because data from male and female worms vete 
combined and the modal point for each sex is different. 

At the lower dosage-level less than 2 per cent of 
developing worms were retarded in their growth, the 
great majority giving a more or less normal distribu- 
tion around the 6-11 mm. size range. 

Two features became apparent from these results, 
as shown in Table 1 and Fig. 1. At the higher dose- 
level a significantly greater (P < 0 01) percentage of 
larvæ had not attained 4 mm. in length in 14 days 
than at the low dosage-level. It appeared that the 
‘retarded’ larve had failed to recommence growth 
following ,the third moult within the abomasal 
mucosa. This group consisted entirely of very small 
fourth-stage larve. Secondly, those larve at the 
higher dose-level that had developed beyond the 
1-2 mm. size had still failed to attain the length 
achieved by the worms resulting from the low-level 
dose. 

In the same experiment two additional sheep were 
given 100,000 larve and similarly autopsied at 56 
days. It can be seen from Table 1 that although the 
total number of worms recovered at 56 days was 
similar to that recovered at 14 days, there was a ' 
great reduction in the proportion less than 4 mm. 
im length. It appears that retardation is net neces- 
sarily permanent and that growth and development 
may commence after a variable period of time. The 
limited data avaiable also appear to support the 
suggestion that once growth has recommenced in the 
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retarded larve they develop rapidly to reach the same 
length as the others which showed a ‘normal’ develop- 
ment. It is noteworthy, however, that even at 56 
days members of the high-dose populations had not 
reached the size of the worms in the low-dose popula- 
tions, and had not, in fact, achieved the normal size 
quoted for Ostertagta owcumctncia, the predominant 
member of the genus in the population. Despite their 
small size these worms appeared morphologically to 
be sexually mature and eggs were visible within 
the uteri of the females. Only relatively low and 
erratic egg counts (rarely more than 1,000 eggs per 
gram) were observed in these sheep, despite their 
heavy worm burden. 

This work was carried out while I was the holder 
of the George Aitken Pastoral Research Scholarship. 


J. D. DUNSMORE 
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Boron Deficiency in Grevillea robusta ` 


Grevillea robusta A. Cunn. is used as a shade tree 
in many tea plantations in Kenya. It is easily 
esfabðshed, and is little subject to pests or diseases. 
In December 1959 it was reported that Grevillea 
were dying on the whole of one field in a tea plantation, 
in the Nandi Hills district of Kenya. The trees were 
2-3 years of age and were dying back from the tip. 
Of many, only the main branches near the apex of 
the tree were affected, while one or two lateral 
branches lower down the tree carried healthy leaves. 
The more seriously affected trees were almost com- 
pletely defoliated ; but leaves could in many cases 
be seen sprouting from the main trunk at heights 
of 4 ft. down to ground-level. In almost all trees 
showing advanced symptoms there was cracking of 
the bark and exudation of gum. The symptoms are 
similar to those described by Vail et al.1 for boron 
deficiency in wattle. The fact that, prior to the 
planting of tea and trees of Grevilea in the area in 
question, an attempt to establish wattle had failed, 
led to an investigation into the boron status of the 
soil and of the Grevtllea trees. 

Leaf samples were taken from two dead trees, 
some apparently healthy trees in the same field, and 
some healthy trees about two miles away from the 
affected field. Boron analyses on these samples 
showed one healthy leaf to have the highest boron 
content ¢17 p.p.m.) and one from a diseased tree 
to have the least (13 p.p.m.); the results of further 
leaf analyses were somewhat inconsistent. The figures 
for water-soluble boron in the soil, however, sup- 
ported the idea that boron deficiency was in fact 
responsible for the effects. Table 1 summarizes the 
relevant results. 

Soil samples taken at a depth of 18-24 in. from a 
healthy area in the Kericho district some sixty miles 
to the south of Nandi Hills had a water-soluble 
boron content of 0-13 p.p.m. 


Table 1. WATER-SOLUBLE BORON (P.P.M. OF DRY BOIL) 


0-9 in, | 8-18 in. | 18-27 In. | 27-86 in. 


0:13 0 07 0 08 
0 20 0°17 0 14 


Soll from affected area 


9 03 
Soul from healthy area 0 06 


NATURE 


987 


Treatment by applications of borax to the affected 
area is being tried and an investigation into the 
boron contents of soil in other parts of East Africa 
is proceeding. A fuller report will be published 
elsewhere. 

It may be noted that tea bushes showed no symp- 
toms, which may be due to their lower boron re- 
quirement*®, or more probably to the effectual 
‘scavenging’ operations of the extensive tea root 


My thanks are due to the Board of Management 
and the Director of the Tea Research Institute of 
East Africa for permission to publish this communica- 
tion. 

A. N. Sarre 


Tea Research Institute of Kast Africa, 
P.O. Box 91, 
Kericho, Kenya. 
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Effects of Gibberella fujikuroi on Fungal 
Root-infecticns of Pinus 


In connexion with several communications in 
Nature“ concerned with the effects of gibberellins 
on the nodulation of legumes, it would seem opportune 
to put on record the following experimental observa- 
tions relating to the influence of Gibberella fujikuroi 
on certain other root associations. 

The test plants were seedlings of Pinus sylvesires 
growing in pot-cultures with three different soils, 
namely, two podsols (pH _ 5) contrasting as regards their 
mycological contents, and a soul of the agricultural 
type (pH 6-8). Gibberella was inoculated into the 
soils at sowing, and re-inoculated twice at monthly 
intervals. Three months from sowimg, the inoculated 
cultures started to exhibit a slight depression in 
development. The figures in Table 1 give the average 
heights of seedlings five months old. 


Table 1 


Plants from control 


cultures 





The decrease in vigour and height of the treated 
i was accompanied by a noticeable shift in 
the proportion of the various root-associations affeot- 
ing the plants. In podsol A which, in the control 
cultures, showed about an equal amount of normal 
and subnormal mycorrhizas, the presence of Gibberella - 
stimulated the formation of the subnormal type of 
association at the cost of normal mycorrhizas. De- 
crease in the incidence of true mycorrhizal infection, 
and simultaneous spread of a parasitic association 
(formed by Rhizoctonia sylvesirts) was observed for 
the seedlings in podsol B inoculated with Gibberella. 
The ‘treated’ cultures in the agricultural soil exhibited 
a marked increase in numbers of a harmful (haustor- 
ial) infection, and considerable suppression of mycor- 
rhizas. 
In older seedlings, about 8 months old, the slight 
growth differences between controls and moculated 
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cultures had disappeared, and examination of the 
root systems revealed a less pronounced contrast 
m incidence of mycorrhizal and non-mycorrhizal 
associations. These findings agree, at least in some 
respects, with observations by Mest on the effect of 
gibberellic acid which, when applied to Ficia villosa 
in the very early stages of growth, was recorded to 
decrease nodulation, but had little or no influence 
on nodule formation in older plants. 

Mixed cultures on a nutrient agar medium (for 
composition of this medium cf. Levisohn'), showed 
antagonistic effects of Gibberella on several mycor- 
rhiza-formers tested, for example, the basidiomycetes 
Boletus granulatus, B. scaber, and Rhizopogon luteolua, 
and also on the parasitic mycelium Rhizoctonia 
syivestris. In this connexion it should be mentioned 
that gibberellic acid incorporated in the above 
medium (before sterilization) at a concentration of 
100 p.p.m. affected the growth-rate of the mycor- 
rhizgl fungi adversely. Colony diameters after 4 
weeks growth are given in Table 2. Rhizoctonia 
sylvesirts showed a profuse development of sclerotia in 
the presence of gibberellic acid. 


A Table 2 
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Detailed observations relating to the effects in soil 
cultures and nutrient media of Gibberella and gibber- 
ellic acid will be published elsewhere. 


Ips LEVISOHN 


Department of Botany, 
Bedford College, 
University of London, 
London, N.W.1. 
January 21. 
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Sex Ratio of Ammoceetes 


Ly & previous communication, it was suggested 
that variations in the sex ratio of adult brook lampreys 
(L. planert) might be due to the effect of environ- 
mental factors on the course of differentiation in the 
so-called hermaphrodite gonad of the ammoccste larva. 
As a result of the examination of a very large number 
of ammocoste gonads (Table 1), this view is now 
considered to be untenable. 

The material used for this work consisted of 
ammoccates of L. planeri from the River Yeo (north 
Somerset); mixed collections of L. planeri and L. 
fiuviatilis from the middle reaches of the River Usk 
and from the River Teifi a few miles above the 
estuary; and specimens of P. marinus, the land- 
locked sea lamprey of the Great Lakes from the 
Oqueoc River, Michigan. 

In L. planeri, and probably also in L. fluviatilis, 
differentiation of the gonads is, in a majority of 
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ammoccetes, completed towards the end of the second 
summer of larval life at lengths of 50-60 mm. In 
P. marinus, on the other hand, recognition of the 
definitive ovary or testis is not possible in all cases at 
lengths less than 90 mm. The figures ın Table 1 refer, 
therefore, in the case of L. planers and L. fluviatilis, 
to animals more than 60 mm. in length and for P. 
marinus to those more than 90 mm. Even so there 
remains & number of animals in which differentiation 
of the gonad is not complete. In some cases, these 
transitional] gonads are smaller than the definitive 
ovary and contain both auxocytes and follicles of 
undifferentiated germ cells; ths remamder consists 
of apparent ovaries in which degenerative changes 
are occurring involving the disintegration of oocytes 
and the development of æ promounced connective 
tissue stroma in the medullary part of the gonad, A 
close study of sex differentiation in the ammoce@te 
has convinced me that both these transitional gonad 
types are to be regarded as eventual testes. 

In none of the groups of animals examined is the 
number of males greater than the females, even when 
all those with indeterminate gonads are counted as 
males. In the large group of brook lamprey ammo- 
costes there is a small but significant excess of females 
(57-7 per cent) and this is also true of the material 
from the River Usk. In P. marinus ammoccostes, and 
in thoge from the River Teifi, the sex ratio does not 
differ significantly from equality. i 

Reports on the sex ratio of adult brook lampreys 
have almost invariably imdicated some excess of 
males over females, although individual estimates” 
have varied widely from near equality to as much ag 
5:1. Ina survey of the spawning population of the 
River Yeo, carried out durmg 1947—80, I have found 
an overall sex ratio of 2-05 9:1 ¢ for a total of 
1,492 animals, with annual variations from 1:2 to 3-4. 
Observations by Applegate® on spawning runs of the 
sea-lamprey in the Oqueos River have also shown an 
excess of males, and of the 24,643 animals examined 
in 1949 only 31:8 cent were females. Thus the 
available evidence, both for L. planeri and P. marinus, 
points to an approximately equal sex ratio in the 
larval stage and a definite but variable excess of males 
in the adult spawning population. It must therefore 
be concluded that the female suffers a much higher. 
mortality than the male at some stage in the life-cycle 
between metamorphosis and spawning, while the 
variations which have been observed within. the same 
population indicate that the factors which are 
responsible for this increased female mortality must 
operate with varying intensity at different times and 
in different localities. Since a similar situation obtains 
in both parasitic and non-parasitic lampreys it is 
possible that this increased female mortality may 
operate during, or shortly after, the critical period 
when metamorphosis is taking place, 

I wish to thank Dr. V. C. Applegate of the 
U.8. Department of the Interior, Fish and Wildlife 


June 18, 1960 


Service for his co-operation in supplying ammoccetes 
of P. marinus. 
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M. W. Hanpistry 
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Caretta kempi Garman on Welsh Coast 


On January 3, a Mexican or Kemp’s loggerhead 
turtle, Caretia kempt Garman, was found at high- 
water mark on Kenfig Dunes in Glamorgan. It was 
dead, but the body was in a good state of preservation, 
though the shields of the carapace were mostly mis- 
sing. The weight was 2,420 gm., the carapace being 
244 mm. long and 224 mm. at its maximum width ; 
the length of the plastron was 199 mm. Two other 
specimens of this species, one slightly larger and one 
slightly smaller, are in the collection of this Depart- 
ment, both taken alive; one near Freshwater West 
on the Pembrokeshire coast, in December 1930, the 
osheg at Mochras Island at the north end of Cardigan 
Bay, in November of the same year. 

In December 1938, an example of the other species 
of loggerhead recorded from Britain, Oaretia caretta 
{Linn.), was stranded near Tenby ; while in February 
1946 one weighing 8,180 gm. was found alive on the 
beach at Oxwich, Glamorgan, and is now in our 
collections. 

Whereas Caretta caretta appears to have a fairly 
wide distribution in tropical and sub-tropical waters 
on both sides of the Atlantic (though the breeding 
grounds are on the American side), the natural 
habitat of the smaller Caretta kempi is stated to be re- 
stricted to the Gulf of Mexico and adjacent waters, and 
it is less hkely to be carried to the British coasts. About 
twenty British occurrences of the former, as compared 
with ten of the latter species, have been recorded!. 

Deraniyagala? suggested that the presence of 
loggerheads in European waters was probably due 
mainly or entirely to currents, and that they might be 
of importance as current-indicators; and Parker’, 
discussing turtle strandings in 1938 on British coasts, 
considered it “difficult not to associate their coming 
with the remarkably warm weather and almost 
uninterrupted series of south-westerly gales which 
characterized late November and early December. It 
seems probable that there has been a strong mdrift 
of warm surface water into the Enghsh Channel from 
the south-west”. Russell suggested another possible 
explanation—the general extension in recent times 
of warm water farther towards the Arctic, with a 
resultant northward extension of the boundaries of 
certain animals. He instanced the capture of a 
fying fish, OCypstlurus heterurus, in Oslo harbour in 
1937 ; and it may be noted also that a Caretia caretta 
was found stranded on the Norwegian coast in 
December 19515. No loggerhead had ever before 
been recorded from Scandinavian waters nor from the 
area, east and north of Shetland. 

From information supplied by Mr. H. H. Lamb of 
the Meteorological Office, it would not appear that 
the warm summer of 1959 over Britain and Europe 
had any connexion with the present occurrence of 
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O. kempi on the Welsh coast. In fact the western 
two-thirds of the North Atlantic were colder in 1959 
than for many years past, only the Bay of Biscay, the 
North Sea and waters east of about 20° W. being 
shghtly warmer than average. It seems much more 
likely to be associated with some anomaly of the 
prevailing water currents. Over the north-eastern 
Atlantic, especially the waters around the British 
Isles and farther north, there was a remarkable 
prevalence of southerly winds in the autumn of 1959. 
The autumn and early winter, including December, 
were also notable for the repeated occurrence of a 
great sweep of west to north-west winds across the 
whole width of the Atlantic fanning cold water 
eastwards towards the Bay of Biscay; and this 
might possibly have produced a flow of water from the 
Bay of Biscay northwards to the shores of Britain. 

Note added in proof. Since the above was written, 
I have been informed that the British Museum 
(Natural History) received a specimen of Caretta careta 
found alive at South Uist on January 8 this year. 

- Cours MATHESON 
Department of Zoology,” ` 

National Museum of Wales, Cardiff. 


1 Smith, M., “The British Amphibians and Reptiles”, 264 (1954). 
à Derantyagala, P. B. P., Nature, 142, 540 (1988). 

> Parker, H. W., Nature, 143, 121 (1939). 

t Russell, F. B., ‘Nature, 148, 206 (1939). 


+ Willgohs, J. F., Umiversitetet { Bergen Arbok E1952, 'Naturvitens- 
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Elminius modestus Darwin in South-West 
Scotland 


THE present status of Elminius modestus Darwin 
in the British Isles has recently been summarized by 
Crisp and Southward!. They state that ın 1958-59 “it 
is still relatively rare in Luce Bay and has not yet 
passed the Mull of Galloway. Similarly, there has 
been little change in the isolated and sparse colony 
in Lough [Loch] Ryan at the entrance to the Clyde 
Bea”. In an earlier publication, Crisp? states that this 
Stranraer population, although dwindling in numbers, 
has persisted since 1950 and consists largely of old 
animals with corroded shells. According to his classi- 
fication of abundances, rare is taken as “less than 1/m.? ; 
only a few isolated specimens in l hour’s search” 
and occasional ag ‘“1-100/m.3; often local and need- 
ing to be searched for; rarely close enough to breed”. 

Over a number of years we have been making an 
annual survey of the density of settlement of barnacles 
in the Clyde sea area and our observations on the 
present status of Elminius modestus in south-west 
Scotland are not entirely in agreement with those 
quoted above. The following results refer to early 
August 1959. 

Elminius modestus is unevenly distributed in Luce 
Bay, possibly because of variations in local hydro- 
graphical conditions caused by a curious development 
of shingle spits. Nevertheless, it is readily found in 
many places, being most common on the western 
shore ; for example, on an artificial structure running 
across the beach near Sandhead adults at a density 
of 1/om.?, young at 8-10/em.? and spat at 5—-10/em.3 
were recorded. On paris of the shore at Drammore 
the species is common with individuals up to 2/om.?. 
Furthermore, the species has passed the Mull of 
Galloway since it was found at Port Logan on the 
open coast ; although not common here, small groups 
were near enough for breeding if they reached 
maturity ; large adults were not found. 
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There are at least two well-developed populations 
in Loch Ryan, with scattered individuals elsewhere 
on the shores. On the western side near Kirkeolm, 
Elminius modestus is abundant on artificial structures 
where weeds are infrequent. All size groups from fully 
grown adults to spat were recorded and in some 
‘cleared’ areas cover is complete. On the town pier 
at Stranraer, although much less common than at 
Kirkcolm, all size groups are present and spat was 
settling in the late autumn. Scattered individuals are 
present on the railway pier. Larves were common 
m the summer plankton. 

A full account of this work will be published 
elsewhere. 

H. BARNES 
MARGARET BARNES 
The Marine Station, 
Millport. 
Orie DS Jes ao Southward, A. J., J. Mar. Biol. Assoc. U.K., 38, 
7 Oris D. 7 J, Mar. Biol, Assoc. U.K., 37, 488 (1958). 


Multiple Infections of Trematodes in a Snail 


IN an investigation of the incidence of various 
larval trematodes in the estuarine snail Valacumantus 
(Pyrazus) australis, results have been obtained show- 
ing that two species of trematodes tend to occur 
together in individual snails surprisingly often. To 
my knowledge an observation of this kind has not 
been recorded before. Cort etal. studied the incidence 
of various larval trematodes in the snail Stagnicola 
emarginata angulata, and from an analysis of more than, 
7,000 dissections concluded that, in certain instances, 
there must be an immunity produced by the penetra- 
tion of one species of trematode which prevents 
penetration of the same snail by a second species ; 
or that there is an antagonism present which prevents 
the development of one when the other is present. 
In other instances of multiple infection they concluded 
that there was no evidence of any immunity or 
antagonism. In view of their findings the present 
results are noteworthy. 

Results from an examination of 1,146 snails from 
Narrabeen Lake, near Sydney, is tabulated below : 


No. Per cent 


con spp. (Heterophyidae) 269 28 8 
(Schistosomatidae) _ 52 4°5 
8i Ausrobilharzia . 4 
(multiple tateotionn) 39 3°4 
Immature and uniden infections 16 14 
Other infections 
(Kehinostomatidae and Philopthalmidas) 169 14°8 
Total infested 545 47-6 


Several postulates are possible to explain the 
unexpectedly high incidence of multiple infections 
of heteropyids and schistosomes. They need not be 
mutually exclusive: (1) a snail infected with the 
schistosome is predisposed to infection with the 
pedi tla (2) a snail infected with the heterophyid 

predisposed to infection with the schistosome ; 
maid (0) aban tha Gyo Wind of age ocot Ge ths can 
bird evacuation, which happens to be in close 
proximity to a suitable snail, infection with the 
heterophyid and the schistosome occurs simultane- 


ae Ws. H. Ewes 
School of Biological Sciences, 
University of New South Wales, 
Sydney. 
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Apparent Double Crossing-Over i in a Short 
Genetic Interval in Drosophila melanogaster 


In view of the reported occurrence of double 
crossing-over within a short genetic interval m 
Aspergeius! and of the purported existence of negative 
interference in bacteriophage’, ıt is worth while to 
record the recovery in Drosophila melanogaster of 
apparent double. cross-over types within a short 
genetic interval where interference is nominally 
expected to be complete. These double cross-overs 
were found incidentally to a study of pseudo-allelism 
at the white (w) loci’. The relevant genetic interval 
extends from the X-chromosome loci of yellow body 
colour (y) to split bristles (spl), mutants of which 
served as markers for the study of crogsing-over 
between w pseudoalleles. The standard map distance 
for this interval is commonly given as three units, & 
value at least twice as great as more recent measure- 
ments indicate‘. Throughout this study, parental 
females were always made heterozygous for the 
autosomal inversions Oy and Ubx'**, These inver- 
sions serve to increase crossing-over strikingly in the 
y-spl interval to values varying from 5 to 11 units’. 

In Table 1 the variety of crosses and detected 
double cross-overs are listed. * Most exceptional 
individuals were found among the progeny of fergales 
heterozygous either for y? su-w% wt spl (su-w4e= 
suppressor: of w3; we—whiteapricot eye colour) or 
y ac w% spl (ac=acheate bristles ; 0% —white-cherry 
eye colour) since these w mutants were used as testers 
in, studying pseudoalleliam. No concerted effort was 
made to recover. double cross-overs; rather those 
tabulated here represent individuals, mostly males, 
which were easily and effortlessly identified through 
their distinctive phenotype. At best, therefore, the 
frequencies noted in Table I are minimal. The 
exceptions are deemed to be double cross-overs 
because genotypically they represent the expected 
contrary do uble cross-over classes: wt or w with 
none of the marker genes, and the allelic or pseudo- 
allelic mutant with all the markers. Where the 
former were recovered thoir genotype was confirmed 
as follows. The w3 exceptions were tested for sup- 
pression by su-w%, This is a critical test since this 
suppressor’s action is delimited to the w* mutant’. 
Since w does not show dosage compensation, this 
property was employed for its identification. Where 
the latter class of exceptions was detected, the 

phenotypic effects characterizing the 


Table 1. RECOVERED APPARENT DOUBLE CROSS-0 
y-ap INTHRVAL AMONG THE PROGENY OF $Y 
BPENDENT w MUTANTS, 


All parental 9? were heterozygous for the autosomal inversions Cy 
and Uda and were crossed to y w api en? Sd 
Total 


Genotype parental $2 Genotype double cross-over progeny 


VER, THR 
GOUS FOR 


1) oo? eu-we sot spl) dy? su-ws w* epi 28,806 
2) yac 3 y as we spi *83,684 
3) oy" stews ws opl/wet 2 dd y’ su-we sor sp] 00,827 
4) of” ruwa tot spline? CE A AE 940 
(5) 3 suos 108 spl weet 4 : A ER eply w spl en? 74,840 
6) y? niwa we wool 8 ws 102,145 
Y? stt-104 wst spijs 3 oy" su-w8 ws spl 27,705 

B) p stt-tot wat we? S oy" su-i toe gpl 50,210 
9) y ac wh spl g wh 20,065 
10) ¥ ac w apliw™? g wà 54,975 
11) p° su-w* tot spljw™t g w“ 47,110 
y ao weh spl} y ac wtr? spljy w spl ent 49,870 

13) p° su-we we spliwe'"l 2 gag p? su-ws wati epl 98,744 
14) y aswel Q weHjy w spl em’ 195,870 
15) y ao w enll/ep*-w 9 y ao spt-w spljy w spi sn* 92,400 
18) y wetk spijus d wsk 78,480 
1 y su-w 108 spihoN g ut 93,670 
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w mutant served, in most instances, to verify its 
genotype. For- example, the mutants we, wt and 
sp*-w Have such distinctive phenotypes and are 
mutationally so rare in occurrence that their recovery 
in association with all marker genes 18 best accounted 
for in terms of a double cross-over occurring on each 
side of the w loci. 

Since the results do not represent a quantitative 
recovery of double cross-overs, there is little point 
m indulging in computations of the degree of mter- 
ference. What these results do demonstrate is that, 
for a comparative short genotic distance, interference 
is not necessarily complete and double cross-overs do 


infrequently occur. 
: M. M. GREEN 


Department of Genetics, 
University of California, 
Davis, California, 
Jan. 14. 
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“Thread Protein and’ 8-Globulin Poly- 
morphism in the Serum Proteins 
of Pigs 


THREAD proteins, reported to be polymorphic in 
the sera of cattle’, have now been demonstrated in 
serum samples from pigs, dogs,- and horses. Thread 
protein polymorphism" has been’ found in the pig 
also, but not in the relatively few samples from dogs 
and horses examined up to the present. 

Pig thread proteins are readily seen in one-dimen- 
sional starch-gel electropherograms using the same 
pH 7:6 phosphate buffer and procedure described 
for cattle sera?. The zones are very narrow, indeed 
thread-hke, in suitable gels. However, the zones 
may be faint, or not appear at all if the nature of the 
gel deviates only a little from the optimum. No 
difficulty has been experienced in .detecting thread 
proteins in gels prepared from several batches of 
Hopkin and Williams potato starch after suitable acid 
hydrolysis? ; but it has not been possible to detect 
thread proteins, particularly in cattle sera, using & 
commercially available starch hydrolysed ready for 
starch-gel electrophoresis. 

Three thread-protein phenotypes have been found 
in gera ftom Large White and Essex Saddleback pigs, 
depending on the presence of one or both of a pair of 
thread proteins. The three phenotypes are shown in 
Fig. 1, after two-dimensional electrophoresis, first 
in agar then in starch gel. Sera of the three pheno- 
types were resolved initially in 1 per cent ager using 
pE 8-4 borate buffer (4-65 gm. borio acid in water 
adjusted with sodium hydroxide and diluted to 1 1.). 
Afterwards 0:5. cm. wide length-wise strips of agar 
containing the resolved albumin zone were cut from 
each of the three agar gels and inserted side-by-side 
aoross & previously prepared starch gel of suitable 
width. After electrophoresis tho starch gel was sliced 
with fine wire and stained in nigrosine*. Fig. l 
shows that the agar albumin zones also contained 
some «a-globulins, the thread proteins and &æ pre- 
albumin zone. 
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Fig. 1. 


The three thread-protein phenotypes 
illustration shows the agar aai taaie resolved 
after farther resolution ın starch gel. Th 


In pig sera. ‘The 
bane xones 


T2, thread proteins. PF ert n d Polins. 4 Th aad 
, -globulins were not ng soned are a glo starch gel seeps 

The nature of the thread proteins is not clear. In 
all animals in which they have been found they 
occupy the same relative position after two-dimen- 
sional electrophoresis, that is, at the leading edge 
of the albumin zone in agar electrophoresis, and 
well separated from the «-globulins ın the second 
starch-gel electrophoresis. In two-dimensional 
electrophoresis the thread protein zones usually 
appear crescent-shaped, a phenomenon not shown by 
the remaining zones. 

Preliminary mating data suggest that the three pig 
thread-protein phenotypes comprise the two homo- 
zygotes and heterozygote of a two-allele system. By 
analogy with the thread-protein system in cattle it is 
suggested that the two alleles be named pig TA and 
TB, so that the faster migrating zone T1 is seen in the 
presence of TA and the slower zone T2 is seen in the 
presence of TB. The three genotypes TAJTA, TA/TB 
and 7'8/T'B would then be represented by phenotypes 
T1, T1/T2 and T2 respectively. 

In common with all other mammals go far examined 
pigs also exhibit ßB-globuln polymorphism. Three 
B-globulin phenotypes have been seen in the samples 
examined, comprising the two homozygotes and 
heterozygote of a pair of 6-globulin alleles, pig 84 
and B8. Each allele gives rise to three zones in 
starch gel in phosphate buffer, a rather faintly staining 
zone followed by a moderately staining zone and then 
by a more intensely staining zone. This is very similar 
to the situation found in sheep’, goats‘ and mice 
(Ashton and Braden, unpublished work). In view of 
the increasing numbers of f-globulin alleles being 
found in other mammals, to date five in humans’, ten 


992 


in sheep (Ashton and Ferguson, unpublished work) 
and five in cattle’, it is very likely that further 
examples will be found in pigs. 

I wish to acknowledge the assistance of Dr. K. C. 
Sellars i in procuring samples of pig sera. 


G. C. ASHTON* 
Animal Health Trust, 
Farm Livestock Research Centre, 
Stook, Essex. 


* Present addreas: National Cattle Breeding Station, Common- 
phere Scientific and Industrial Research Organization, Rockhampton, 
neensland. 
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2 MICROBIOLOGY 


L Forms of Bacteria as Contaminants in 
Tissue Culture 


Tum occurrence of pleuropneumonia-like organism 
as contaminants in tissue culture is a common 
experience in many laboratories!-*. Such infections 
may be inspparent or may cause progressive degenera- 
tion of the cells. The origm of this type of con- 
tamination has never been satisfactorily explained, 
and although the serum used in tissue culture media 
is often suspected we have never succeeded in isolating 
pleuropneumonia-like organisms from many samples 
of fresh human, bovine, horse and rabbit sera. Our 
results suggest that at least some of the pleuropneu- 
monia-like organisms found in tissue culture are D 
forms of contaminating bacteria. This belief is 
based on the following observations. 

Twenty cell lines carried in our laboratory yielded 
minute colonies when the medium in which they had 
grown was plated on soft meat digest agar containing 
20 per cent heated horse serum. A complete minute 
colony derived from a HeLa culture was inoculated 
into 5 ml. of meat digest broth containing 20 per cent 
horse serum, 10 per cent yeast extract, and 100 units 
of penicillin per ml. This was sub-cultured and when 
slightly turbid a loopful was stroked out on the solid 
medium used for the initial isolations. Tiny colonies 
appeared following incubation for 2 days at 37° C. 
On the third day most of the small: translucent 
colomes had produced further dense opaque out- 
growths. These were found to be composed of a 
penicillin-sensitive Corynebactertum. It was clear that 
these Oorynebacterta were derived from the small 
colonies. Pure cultures of the Corynebacterium and 
its L form were maintained in 20 per cent horse serum 
broth. Penicillin was always added to the L form 
cultures to prevent reversion to the bacterial form. 

In order to test the hypothesis that the Coryne- 
bactertum gave rise to its L form in tissue culture, 
HeLa cultures were cured of L form infection by 
growing them for several sub-cultures in medium 
containing 200 units of neomycin ( “Mycifradin 
sulphate’, Upjohn Co.) per ml. Preliminary experi- 
ments had shown that the L forms from several cell 
lines were very sensitive to the tetracycline group of 
antibiotics and neomycin. 

Terramyoin, chloramphenicol and aureomycin were 
found to be toxic for the cells at effective concen- 
trations. However, Hearn et al.4 have used aureo- 
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mycin at toxic levels to free tissue cultures from pleuro- 
pneumonis-like organism contaminants. This hazar- 
dous procedure was avoidable since neomycin was 
effective and had no observable toxic effect on HeLa 
cells at a concentration of 200 units/ml. At each 
sub-culture during neomycin treatment some cul- 
tures were grown without antibiotics for several 
sub-cultures with frequent changes of medium. 
When repeated tests for L forms in the medium were 
negative, the cells were deemed to have been cured. 
Up to 14 days treatment was necessary in some cases. 
It 18 of interest that the cella had to be mamtamed 
in medium containing 200 units of neomycin per ml. 
for several sub-cultures before L forms became 
undetectable, even although the o were 
susceptible to. <10 units per ml. of the antibiotic in 
agar medium. The necessity for this high concen- 
tration in tissue culture may be due to poor pene- 
tration of the antibiotic into the cell or to some other 
factor related to the intracellular situation of the L 
form. 

Cultures freed from L forms were then returned to 
the original medium with 100 units of penicillin and 
streptomycin per ml. Some cultures were infected 
with O a and others with its L form. 
Although the cells infected with the L forms did not 
appear to be different from the uninfected controls 
when viewed by low-power migroscopy, they had 
apparently become chronically infected and L forms 
could be isolated regularly from them. In the cultures 
infected with the Corynebacterium, this agent was 
undetectable in the medium of the infected cultures 
within 2 days, but persisted intracellularly for 9 days. 
L forms were first detected in these cultures at 6 days 
and regularly thereafter. 

These experiments indicate that contamination of 
tissue cultures containing penicillin with penicillin- 
susceptible bacteria may cause an Inapparent intra- 
cellular infection with the L form of the bacterium. 
This could lead to confusion in antigenic analysis of 
cells, and in metabolic studies the contribution of 
the commensal L form to the host cells’ biochemical 
activity, may be significant and should be excluded. 

I. A. Macrumeson* 
K. ALLNER 
Microbiological Research Establishment, 
Porton, Wiltshire. ý 
* Present address ‘ Medical Ressarch Counell Unit for Bxperimental 
Virus Research, The Unversity, Glasgow. 
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VIROLOGY 


Reactivation of Poxviruses by a Non-Genetic 
Mechanism . 


Ir has recently been shown that poxviruses inactiv- 
ated by heat are reactivated in cells in which another 
poxvirus multiplies. The virus yield from cells 
infected with inactivated virus of one strain and 
active virus of anotber strain contains infectious 
particles of both strains, and also, if the viruses aro 
sufficiently closely related, recombinants*. Inactiva- 
tion by heat, therefore, does not inactivate the deoxy- 
ribonucleic acid of the virus particles, since all the 
known genetic markers are preserved. Since proteins 
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are in general less stable to heat than deoxyribonucleic 
acid, the role of the reactivating virus may be to 
provide some essential native protein which has been 
destroyed by heating. On this hypothesis, it should 
be possible to use, as the reactivating agent, virus 
of which the deoxyribonucleic acid has been specrfic- 
ally inactivated. In this case the genotype of the 
heat-inactivated virus only should survive. 

Such inactivation might be achieved by treatment 
with the nitrogen mustard, di(2-chloroethyl)methyl- 
amine, which, although capable of combining with 
protein, reacts preferentially with nucleic acid. 
Loveless and Stock* have shown that nitrogen 
mustard inactivates phage probably by combination 
with its deoxyribonucleic acid without affecting the 
protein structures responsible for adsorption to host 
cells and combination with specific antibody, and they 
particularly comment on the low efficiency of multi- 
plicitty and ocross-reactivation shown by phage 
treated with mustard. i 

Prelimi experiments showed that rabbitpox 
virus (RPu+), treated with nitrogen mustard, would 
reactivate heated RPut, and also heated vaccinia 7N, 
and that the product had the pock character of the 
heated parent. In order to provide a sensitive test 
for partial survival of the genome of the mustard- 
treated parent, the mutants RPul and RPu8 were 
chosen as the heated parent. The u mutants of rabbit- 
Pox virus, which produce white non-ulcerated pooks 
on the chorioallantoic membrane, differ from the 
wild type (RPut), which produces hmmorrhagic 
ulcerated pocks, at single genetic sitesi’. In mixed 
infections of the chorioallantoic membrane with 
RPul or RPus and RPut, the wild type outgrows 
both mutants‘, so that if there is survival of that part 
of the genome which carries the wild locus it should 
be readily detected. 

RPut was inactivated by exposure to various 
concentrations of mitrogen mustard in 0-005 M 
phosphate buffer, pH 7-2, for 20 min. at 37°. The 
excess mustard was then destroyed by a tenfold 
dilution of the suspension into 5 per cent sodium 
thiosulphate and further incubation for 2 hr, Assay 
of particles capable of reactivating heated virus was 
carried out by inoculating suitable dilutions of the 
material on the chorioallantoic membrane of 11-day 
old chick embryos together with 5 x 10% particles 
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Fig. 1. Inactivation of RPxut by nitrogen mustard. 
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of RPul or RPu8 heated at 60° for 12 min.: the 
heated virus was completely non-infectious'. Residual 
active particles of RPu+ were also titrated in the 
absence of heated virus. 

The results are shown in Fig. 1. The infectivity of 
RPut is seen to be destroyed by nitrogen mustard 
by a one-hit process, and the surviving particles can 
be assayed with equal efficiency in the presence or 
absence of heated virus. The ability of RPu* to 
reactivate heated RPul or RPu8 is destroyed less 
readily, though again this appears to be a one-hit 
process. 

It seems, therefore, that in rabbitpox virus all the ' 
lethal damages caused by nitrogen mustard prevent 
expression of the genotype (es judged by one markar), 
but only about half of them fall in that part of the 
virus which is necessary for reactivation of heated 
virus. Thus the evidence is compatible with our 
hypothesis, namely, that reactivating virus provides 
some essential non-genetic material which is lacking 
in heated virus. 

Woe are indebted to Prof. Frank Fenner for the u 
mutants. 

W. K. JOKE 
PAMELA ABEL 
I. H. HoLrmes 


Department of Microbiology, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra, Australia. 

1 Fenner, F., Holmes, I. H., Joklik, W, K., and Woodroofe, G. M., 
Nature, 188, 1840 (1950). Hanafusa, H., Hanafuse, T., and Kama- 
hora, J., Biken’s J., 3, 85 (1959). Joklik, W. K., Woodroofe, 
G. M., Holmes, I. H., and Fenner, F., Virology (May 1960). 

2? Fenner, F., and Woodroofe, G. M., Virology (May 1960). 

* Loveless, A., and Stook, J. O., Proc. Roy. Soc. B, 150, 486 (1959) 
151, 148 (1959). 

t Gemmell, A., and Cairns, H. J. F., Frology, 8, 881 (1969). 

s Gemmell, A., and Fenner, F., Veology (lay 1960). 


Potato Virus M and Paracrinkle 


Salaman and Le Pelley! found that scions of 
apparently healthy plants of the potato variety King 
Edward VII grafted on to supposedly virus-free 
Arran, Victory resulted in the latter variety reacting 
with paracrinkle symptoms, that is, a pronounced 
deformity and rugosity of the leaves. Although both 
Kassanis* and Macarthur? suggest that King Edward 
contains only a single virus, Bagnall, Larson and 
Walker! found that a stock of King Edward, which 
they obtaimed from Canada and which had been 
supplied originally by Salaman, contained two viruses. 
One was a strain of virus S and the other resembled 
virus M which they had found in Irish Cobbler and 
several other American varieties. All normal stocks 
of Arran Victory were found by Macarthur? to contain 
virus S. Therefore, even if there are stocks of King 
Edward with only a single virus, the paracrinkle 
symptoms observed in Arran Victory after grafting 
with King Edward may be due either to the King 
Edward virus (presumably virus M) alone or to the 
combined action of viruses S and M, as is suggested 
by Bagnall, Wetter and Larson’. 

We have also found that King Edward apparently 
contains two viruses. Thus, for example, sap from 
King Edward inoculated into fathen (Chenopodium 
album) gave symptoms similar to those from virus 
S-infected Arran Victory, and inoculated on to Datura 
metel gave a systemic yellow spotting followed by an 
acropetal leaf-drop which resulted m the death of the 
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plants. No such symptoms were shown by Datura 
metel inoculated with sap from virus S-infected Arran 
_ Victory. 

By grafting King Edward on to the American. 
variety Saco, which is immune to virus S, it was 
possible to obtain plants, the sap of which gave no 
symptoms when inoculated on to fathen but still 
produced virus M symptoms in Datura metel. Scions 
from these Saco plants produced paracrinkle symp- 
toms in both virus S-infected Arran, Victory and m 
plants of a virus S-free stock of Arran Victory 
produced by Kassanis* at Rothamsted by the apical 
meristem culture method. It would appear, there- 
fore, that paracrinkle symptoms in Arran Victory are 
produced by the virus M component alone of the 
virus complex found in King Edward. 

We are indebted to Mr. E. L. Calvert of The Queen’s 
University, Belfast, for the supply of virus S-free 
tubers of Arran Victory. 

H. W. Howarp 
Š J. WAINWRIGHT 
Plant Breeding Institute, 
Trumpington, 
Cambridge. 

i Salamani R. N., and Le Pelley, B. H., Proe. Roy. Soc., B, 106, 140 
* Kassanis, B., J. Gen, Microbiol., 15, 620 (1966). 
2 Macarthur, A. W., Rep. Scot. Soc. Res. Plant Breed., 27 (1956). 
‘ Bagnall, R. H., Larson, R, H., and Walker, J. O., Res. Bull. Wis. 

Agne. Ezp. Bta., 188 (1956). 
‘B pall, R, H., Wetter, C., and Larson, R. H., Phytopath., 49, 485 
° Kasaanis, B., Rep. Rothamsted Exp. Bta., 102 (1956). 


AGRICULTURE 


Determination of Dieldrin Deposits on 
Sprayed Mud Surfaces 


CummicaL investigations into the behaviour of 
insecticides sprayed on to mud walla require & samp- 
ling technique which will remove the insecticide 
actually present on the surface, and available to the 
insects, but not that which is sorbed into the bulk 
of the mud. For laboratory work, Barlow! has used 
‘Sellotape’ for this purpose, while Alessandrini’ has 
used parchment paper coated with a film of silicone 
grease. Both these techniques suffer from the dis- 
advantage that the sticky material which is used 
to pick up the insecticide particles is mounted on a 
comparatively rigid backing, which prevents its 
penetrating into the small depressions and irregulari- 
ties which generally occur on mud surfaces, and which 
are accessible to insects. Unrealistically low figures 
are therefore obtained. It was thought that this 
difficulty might be overcome by the formation of an 
adhesive film tn sttu on the mud surface, and it has 
been found that in the laboratory satisfactory films 
for this purpose can be obtained using solutions 
containing 1-2-5 per cent w/v of high-viscosity grade 
(1,500-2,000 op. for a 1 per cent solution ab 25° C.) 
sodium carboxy-methyl cellulose. The addition of 
glycerol to the sodium carboxy-methyl cellulose 
solution is usually necessary ; in most cases up to 
§ per cent v/v suffices to give a pliable film, but on 
certain, muds up to 25 per cent v/v of this has been 
necessary to prevent the formation of a hard, brittle 
film which removes an excessive amount of mud. 

The sodium carboxy-methyl cellulose solution is 
applied to the mud surface mounted on a piece of 
cotton gauze and should be removed as soon ag pos- 
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sible after drying is complete. The film is separated 
from the gauze by soaking in cold water, and, to 
ensure complete extraction of the insecticide, the 
resulting solution is treated with sodium hydroxide 
and potassium permanganate, and allowed to stand 
for 30 min. Excess permanganate is removed by 
careful acidification and treatment with sodium 
bisulphite. The insecticide is then extracted from the 
mixture with a suitable solvent, and determined by 
any convenient method. In the experiments de- 
scribed below, n-hexane was used as solvent, and a 
total chlorine determination using sodium diphenyl 
reagent was employed. Subsidiary experiments 
showed no significant loss of dieldrin occurred during 
the extraction and subsequent treatment. 

A series of glass plates and blocks of Uganda mud 
were sprayed with an aqueous suspension of a dieldrin 
50 per cent wettable powder ; weighing of the plates 
before and after spraying showed an average deposit 
of 114 mgm. dieldrin/sq. ft. Using the above tech- 
nique, recoveries of 86, 84, 92 and 82 mgm./sq. ft. 
were obtained from the surfaces of the mud blocks. 
A similar series of experiments using blocks of Babati 
(Tanganyika) mud gave recoveries of 74, 83 and 786 
mgm. dieldrinjsg. ft., compared with an average 
deposit of 100 mgm./saq. ft. indicated by weighing of 
the glass plates. These figures indicate a recovery of 
between, 70 and 80 per cent from both types of mud, 
and, this ia adequate to enable sorption. to be demgn- 
strated, as shown by the results in Table 1, which were 
obtained by spraying three series of mud blocks with 
a dieldrin, 50 per cent wettable powder at 65 mgm./sq. 
ft. and determining the surface deposit at various 
times after spraying. 
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Table 1 





Results are given for three muds, two of which 
(Uganda and Babati) have been shown from biological 
data to be highly active in sorbing dieldrin, and the 
third (Mexico D.F.) to be less active. 

This technique has been tested satisfactorily in the 
laboratory on a number of different types of mud, 
although the concentrations of sodium carboxy- 
methyl cellulose and glycerol required to give the most 
satisfactory film vary from one to another. Provided 
that care is taken in removing the film, the amount of 
mud removed is very small; it has been observed, 
however, that this is apt to vary with the type of 
mud used, and this factor should therefore be borne 
in mind when comparing results of experiments 
carried out on different muds. The applicability of 
this technique to muds which give a very loose and 
friable surface has not been examined. 

Thanks are due to ‘‘Shell” Research Ltd. for permis- 
sion to publish this work, and to various colleagues 
in this laboratory for helpful discussion and assistance 
with the analytical determinations. 

R. E. Forp 


Woodstock Agricultural Research Centre, 
Sittingbourne, Kent. 


2 Barlow, F., W.H.0. Bull., 12, 359 (1966). 
* Alessandrini, R. O., Ist, Sup. Sania, 19, 1 (1956). 
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FORTHCOMING EVENTS 


Monday, June 20—Thursday, June 23 


LABORATORY APPARATUS AND MATERIALS EXHIBITION (at the 
Royal Horticultural Society's New Hall, Westminster, London, 8.W.1). 


Wednesday, June 22 


GROLOGICAL{SocrEry o¥ LONDON a Burlngton House, Piccadilly, 


London, Wat at 5 p.m.—Prof. R. W. Fairbridge and Dr. He 
Badoux “Slump Blooks ın the Cretaceous of Northern Syria’; 
Dr. L. J. G. Schermerhorn and Dr. . Btanton. ‘ ‘Tiloids’ in 


the West Congo Geosyneline’’. 


OHALLENGER Socisry s the Linnean Society, Burlin 
Piecadilly, London, W.1), at 5.45 
Ecology of the Hawauan Species o 

Friday, oe 24 


VICTOR HORSLEY MSMOBRIAL FUND 


on House, 
ee Alison y: “The 


Medical Association House, Tavistock Square, London, V.G), at 
11 a.m.—Prof. Norman M, Dott: “Bram, Movement and e” 
(Eleventh Victor Horsley Memonal Lecture). 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned . 

SENIOR LECTURER (with a good honours degree and teaching or 
other suitable experience) TO TRACH ELECTRONICS AND MATHAMATIOG 
to equivalent degree level for sandwich diploma coursee—The Prinomal, 
Roy yal a Establishment, College of Electronics, Malvern, Worcs 

une 

ASSISTANT, Grade B, IN MATHRMATIOS ; 
teach to o special honours) nepre standard) IN DINORGARIO CHEMISTRY 
ee aye Vvernors, “fF oolwich Polytechnic, London, 8.8.18 
une 


© SAKIOR LECTURER (with high qualifications and wide experiences) 
IN Puysics, to teach to honours degree level—The Olerk to the 
Governors, Woolwich Polytechnic, London, 8.B 18 (June 24). 
ASSISTANT LECTURER IN NUMERICAL ANALYSI8—The Registrar, 
The Umversity, Manon atet 18 (June 25). 
(with medical qualifications registrable in this coun 
Im ANATOMY—Tho Registrar, The University, Alanchester 13 (June 
O OFFIOME (male, with a good onoura degree) for gene 
ical, physiological and b research in barley—The Secretary 
Plant B Institute, Trumpington, Cambridge (June 25). 

ASSISTANTS (2) IN ZOOLOGY, one in the fleld of vertebrate roology, 
and the other ın comparative physiolo Ot an. Secretary of Univer- 
sity Oourt, The University, Glasgow (June 27) 

RESHAROH ASSISTANT (with a good degree He preferably a higher 
degree, in physics, chemistry, engineering or ceramics) AT THR HOULDS- 
WORTH rH SOHOOL OF APPLIND A, to work on the high-temperature 
pro erties of certain ceramics of potential interest as engmeering 

——The Registrar, The University, ea 2 (June 27). 
s LEOTURER IN PSYCHOLOGY or a TEMPORAR Y LECOTURHE IN 
LOGY-—The Secretary, The Queen’s University, Belfast (June 20). 

LEROTURER or ASSISTANT OTURER IN APPLIND MATHEMATIOS—~ 
The fled pdatered The University, Exeter (June 30). 

H ASSIBEART (with a Diclogea firat degree and reeperes 
Menor hoon In Tigsum OULTUBR, to take part 2 a oeme 
reg in the behaviour of normal and malignan elle 
pal Oe, College, Gower Street, Londen. i Ww. C.1 (June 30). 
EXPaRIMENTAL OF¥IcHRS, CuEmisTs (with G.C.B. “A” 

level in chemistry or po and another science subject or equivalent, 
1f over 22 a pass in chemistry or microblology or H.N.O. 
chemustry generall g expected), at the Water Pollution Research 
Laboratory, D.8.L venage, Herts, for research on physico- 
chemical and ELR problems in the stud revention of 
the pollution of rivers—The Mmistry of chnical and 
Scientific Register (K), 26 King Street, tendon: 8.W.1, quoting 
Ref. F.384/0A (July 1). 

oH STUDENT (with the degree of Bachelor or Master of 6 
Britash university other than Manchester) In Sommxor—The Registrar, 
The University, Manchester 18 (July 1). 


and a LROTURER (able to 


OHO- 


aoe 


LEOTUBRE, and a DAMONSTRATOR nours duates in ka 
graphy) In GEOGRAPHY, at ae iriad of New England 
uth Wales, Australia— tion of Univer- 


sities of the British Gomimanwealth, 36 Osian Square, London, W.0.1 
(Australa and London, ou 2). 

RSESWAROH ASSISTANT IN THR DEPARTMENT OF BOTANY, to work 
for one year on the acetate metabolism of the alga Chlorella—The 
Secretary, University College, Gower Street, London, W.0.1 (July 4). 

LEQTURRR or ASSISTANT LECTURER IN [NORGANIO CHEMISTRY fn 
the Faculty of  Sclonce-'The Registrar, The University, Manchester 13 
(July 8). 

BACTHRIOLOGIST (honours graduata, 3 majoring in bac EON 
biochemistry, with some years research experience In bacterio 
AT THR MERAT RESEAROR RATORY, Commonwealth daientafic. ari a) 
resides Research Organization, Brisbane, Queensland, Australia, 

a Tadi te Meas the work of a amall group investigating the Metabolism 

f psychrophilte rO OREARIRTIIE and the application of the results 
te the miorobio of chilled and frozen meat The Chief Setentifio 
Liaison Officer, Australian Scientific Liaison Office, Africa House, 

ay, London, W.0C.2, quottog Ap ointment No. 8056/81 (July 9). 

BIOOHEMIBT, basic grade - or second-class degres In 
biochemistry, chemistry or p s. or equivalent) IN THE oa 
PARTMENT OF CHEMICAL PATHOLOGY, to aty out research on ipia 
metabolism in diseasze—The Secretary, The United Liverpool 
pitals, 80 Rodney Street, Liverpool 1 PTO 9). 
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LECTURER IN ZOOLOGY in 8t. Salvator’s ee a Clerk to 
the University Court, College Gate, St. Andrews (July 
LECTURER (with a good honours degree and p arabiy, experience 
in the general fleld of applied mechanics) IX THE DHPARTMENT OF 
MEOHANICAL ENG ae Registrar, The University, Liver- 
y 


GINNHRING— 
pool, quoting Ref. OV 
LECTURER IN THE MPUTAR \n—tthe Director, University of 
ie ` Computer Unit, 44 Gordon Square, London, W.0.1 
y 
BOIENTIFIO Oyvioxwn, Grade I (with an honours degree in mathe- 
matics or ph Faeroe DOYEN; ane Brel and preferab relevant experiences), AT THE WRAPORS 


bury, near ‘Adelaide, South Australia, 


nego research and ‘evelopment on eat response techniques in 
optica—The Senior ee og ped ae y ee of apply: 
uly 1 


Australia House, Strand, London 
SENIOR LEOTURERS/LECTURERS with th an honours oe or equiva- 
lent, and in the case of Senior a higher degree) IN APPLIND 
MATHEMATIOS at the University of Now South Wales, Australia-— 
The Agent-General for New South Wales, 66-57 Strand, London, 
W.C.2 (London and Australia, July me 
LACTURER or ASSISTANT THE - DEPARTMENT OF 
Paige Registrar, The Umversity, Edgbaston, Birmingham 15 
y 
SENIOR LEOTURER IN PHYSIOLOGY; and a LECTURHE (Grade I) 
IN BIOOHEMISTRY IN THH DRPARTKENT OF PHYSIOLOGY, University 


College, Ibadan, —The Secre , Senate Committes on 
Colleges Overseaé 1 in peal Relation, University of London, Senate 
House, London a 18). 

HAIRS OF Ronee, OHBLISTRY, MATHRMATIOCR, PEYSIOS and 
ZOOLOGY in the Royal Technical College of East Africa an d proposed 
University College in Natrobi—The Secretary, Inter-Univermty 
Council for er Education Overseas, 20 Woburn Square, London, 


W.0.1 (fuly 25). 
LECTURER IN GENBRAL PSYCHOLoGy—Thse Secretary of Faculties, 
stry, Oxford (July 25). 
O¥ESSOR (with a degree In pharmaceutics and 
wide and research experience in physico-chemical or micro- 
biological applications to oDe aac ed OF PHARMAOEUTICS at the 
University of Sydney, traia—The Secretary, Association of 
Univeralties of the British pa pata k, ave Gordon Square, Lon- 
don, W.C.1 (Australia and London, July 2 
ASSISTANT LECTURER ( (pret erably eens hootng to undertake 
research in the general fleld of gencstics) IN THE DEPARTIENT OF 


ZOOLOGY—The Secretary, Univermty College, Gower Strest, London, | 


W.C.1 (July 81). 

LABORATORY SUPERINTRNDENT IN THH DEPARTMENT OF PHYSICS, 
Fourah Bay College (University of Durham), Szerra Leone—'The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.0.1 (July at). 

LECTURER (with at least a good honours degree in geography and 
preferably experience of teaching geography in a praia? A el sp 
ment) IN GEOGRAPHY at the Soren ror ong Kong—The Secre » 
Association of Universities of the British Commonwealth, 86 Gordon 
Square, ge W.O.1 ‘Mong Kong and London, July 81). 

SENIOR LEcTURBR (with a Doctorate of 4 huosopby of Science 
Ronterced Tor research pink branch of p IN PRYSIGS at the 
Universi usensiand, Australia—The ane Association of 
Univeraities ore ə British Commonwealth, 36 Gordon Square, London, 
W.0.1 (Australia and London, August 15). 

LHOTURER IN MICROBIOLOGY at the University of Western Australia 
The Secretary, Association of Universities of the British Commen- 
well os Gordon Square, London, W.C.1 (Australia and London, 


A 

‘READER IN MATHMMATIOAL STATISTIOS at the University of Western 
Australia—The Secretary, Association of Univerafties of the British 
Commonwealth, -38 Gordon Square, London, W.0.1 (Australa and 


London, August 81) 

ASSISTANT Tore ous 2) (with experience in the teaching of 
gross anatomy, and erably willing to undertake some teaching in 
neuroanatomy, histo A emb ology) IN THA DEPARTMANT OF 
ANATOMY —Prof. R. L 0. Kaun A a Aony Department, 
Dalhousie University, are Rove Scotia, O 

BIOOHEMIST, o grade—Dr. Walker, Bidchanletry Department, 
Royal National Ortho c Hospital, Stanmore, Middlesex. 

BIOCGHEMIST Mile biological interests), to assist ın regearch on the 
plasmin—anti-plasmin system—The Pathologist, Institute of Ortho- 

a cs, Royal National Orthopedic Hospital, Brockley Hill, 8tanmore, 


diezeax. 

BroLoeist (with biochemical training), to assist in research on the 
plasmin-anti-plasmin system—The Pathologist, Institute of Ortho- 
padci, Royal National Orthopedic Hospital, Brockley Hill, Stanmore 

iddlesex. 

Curmist (with a good honours d in chemistry or 
professional qualification and specialization or interest ın 
analysis) IN THE GROLOGICAL SURVHY DEPARTMENT, Tanganyika, 
for the analysis of rocks, minerals and ores, and the supervision of 
junior staff in routne analytical work—The Director of erutment, 
Colomal Ofhce, London, 8.W.1, quoting P ee 

EDITORIAL ASSISTANT (graded Assistant Experimental or Experi- 
mental Officer) (with G.O.R. “A” level mi two science or a science 
and mathematics subject, o encrally expected over 22 a pass degree, 
H.N.C., or equivalent, q TE ET PUBLICATIONS 
SEOTION, Road Laboratory, Harmon 
ALddlesex, for work involving edı 
articles to technical ay ournals, offi 


uvalent 
organic 


booklets issued by the Lab- 


oratory, ete.—The Ministry of Labour, Technical and Scientific 

ar epee (K), 26 King Street, Tendon) = 8 ee oting A.21/0A. 
UATE DEMONSTRATORS (mal t- or second- 

honours degree or equivalent) IN gale, y OAL and ELEOTRIOAL 


rit ealatge ear Puystos, MBTALLURGY ‘and BALTIC s: the Royal 
Ailtary College of Selence, Shrivenham of 
Labour, Teo Tee cal and Bolentino Register tk) sa 26 ting Streat, London, 
W.i oting 
JUNIOR = RESEARON Feu.ow IS Puysics-—The Registrar, The 
invert: Sheffield. 


` 
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LAOTURBR OV PHyrsios, to teach Ordinary National Certificate and 
3B.So. general eo students——The Principal, Peterborough Technical 
College, Eastfield Road, Peterborough. 

LACTURBR or ASSISTANT LBOTURBR, Grade B, IN AIROHANIOAL 
ENGIRBERING—The Principal, Kingston Technical College, Fassett 
Road, Kingston-on-Thames, 


RESHAROH ASSISTANT (preferably with experience in cytology), 
to take part in a Bde phe io designed to study human chromosome 
einen ties and assoctated disorder — Dhé" Secretary, Genetics 


a ee The University, Sheffield 10. 

MSERAROH BICOHEMIST TO WORK IN THE DEPARTMENT OY HAMATO- 
nogy on fractionation of blood componentsa—The T B}, 
The Hospital for Bick Children, Great Ormond Street, London, il: 

JLESHAROH FRLLOW (preferably with an interest In solid state physics 
or nuclear physics) IN THBORRTIOAL Puystos—Prof. BM. A. Preston, 
riage of Physics, MoMaster University, Hamilton, Ontario, 

ana 

RESRAROH STUDENT (physicist, electrical engineer, or physical 
chemist, with a first degree from the University of London) IN THE 
DEPARTMENT OF ALHOTRIOAL ENGINERRING, for work in the field of 
oneee Registrar, Royal Techmoal College, Salford 5, 

nos, 

SENIOR BAOTHRIOLOGIST (Princlpal Sofentific Officer), 
BACTWRIOLOGIST (Screntific or Senior Scientific Officer) with die’ Hast 
Africa Veterinary Research Organization, Kenya, for research into 
bacteriological and immunological problems rela to animal 
but primarily for basic studies on immunology with a view to de- 
veloplia a satisfactory vaccine for use in African conditions a t 
bovine pleuro-pnoumonia-——The Director of Rearuitment, Colonial 
Office -London, 3.W.1, zoring ROR .195/214/02. 

SENIOR LECTURER (w th a t- or second-class honours degree or 
equivalent in physics, preferably with teachin SA andjor research 
experience) IN PHYSIOS at the Royal Miltary College of Solence, 
Shrivenham, Berks, to lecture to degree courses (and possibly 
ized courses), and assist with laboratory classes—The Minis of 
Labour, Technical and peisnuite Register (K), 26 King Street, London, 
S.W.1, quoring A.265/0A. 

SANIOR LEOTURHRS, LYOTURRS, or ASSISTANTS, Grade B (prefer- 
ably with special interests in applied analysis, mathematical ata ustics, 
or other branches of applied mathematics) IN THE DHPARTMANT OF 
ALATHMMATIOSN—The Academics Registrar, tfield Technical Oollege, 
Hatfield, Herts. 

SENIOR TECHNICIAN 01 T'HOHKIOIAN FOR DUTY IN THE OLINIOAL 
ISOTOPE LABORATORY—The House Governor, Bi, Mary’s Hospital, 
Paddington, London, W.2. 

TEMPORARY DEMONSTRATORS (with a good honours degree or 
equivalent qualification) IN PHYSICAL AND IX INORGANIO OHMMISTRY 
ae eto a The chester Oollege of Sclence and Technology, 

ester 1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Library Association: North Weetern Group—Reference al pee 
and Information Bection. Occasional Papers No. 2: John n Ben 
Dancer—Instrument Maker, Optician and the Orla nator of Micro- 
photography. By L. L. Ardern. Pp. 19+2 plates. (London: Library 
Assocation, 1960.) 4s. [283 
P : a Series of talks broadcast In the External Ber- 
. Pp. 52. (London: British Broadcasting Corporation 
ag A el f Physical Chemistry, July, 1959. Co to [284 
nm a y, ver-to-co ver 
translation. Published monthly. Subseription rates. Ordi Rate 
£30 (U 8.A. 90 dollars) annum including pos . Rate for Libraries 
of Universities and T rE Goll £22 108, kA 7.8.4. 67.50 dollars) 
per annum melu te for 8 Copies for all Sub- 
scribers £4 Os. Od. { Pre 1 dollaro) per park ondon : W 
Society, 1960. agreb ar iay Go. td, eaver- 


Henny 
Th 1260 Nick ioe Po 86 


288 
a a a Limited. Technical ela. No. 207 aton 1980) : 
Glued ullding Structures. Pp. 14. (Duxford: Olba (A.B. L.), 


Investigations, 
een 
. +20. (London: H.M. 
283 


[ 
Association ' North "Peter Group—Reference, Special 
and Taro cmahion Section. Russian Journals—Union List of Tttles 
held by four Libraries in Manchester and Salford. Pp. 14. Dianon 
Central Library, 1980.) [288 
Government of Northern Ireland: Ministry of Agriculture. Teafiet 
No. 117: Potato Root EKelworm. Pp. 4. (Belfast: Ministry of 


East Cona Office I) 
Library 


culture, 1980.) [ 
The Postgraduate Train of Physiolsta in British Universities: 
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2:3 
THE’ BALANCE OF SelENTIFIC “AND ESBUSTRIAL RESEARGH 


HE White Paper, ‘Industrial Research an 

Development, Expenditure, 1958” *, issued by 
the Department:of Scientific and Industrial Research, 
is somewhat slighter than that issued in 1958 under 
the title “Egtumates of Resources devoted to Scientific 
and Engmeering Research and Development in 
British Manufacturing Industry, 1955”; but it is 
claimed to be somewhat more accurate as à result 


of improvements in the method of compilation.. 


Moreover, it is of particular interest at the present 
moment when the abandonment of the Blue Streak 
missile project hag raised: major issues in defence 
research policy and in our effort in space research, 
for the report brings out some remarkable changes 
in British industrial research and development during 
the period of three years. The trends revealed bear 
closely both on the relation of defence research to the 
civil economy andon the effort which Britain can 
afford to devote to space research. 

Taking first the broad picture, the report estimates 
that in 1958 British manufacturing industry spent 
about £380 million on research and development 
(compared wrth an estimate of £190 million in 1955) or 
4:2 per cent of manufacturing industry's contribution 
to national production (compared with 3-1 per cent 
in 1955). Of the total, 95 per cent wag spent in 
industrial establishments, and about 5 per cent 
(£13-7 million) on payments to outside bodies, among 
which co-operative research associations took some 
29 per cent, the universities about 4 per cent, and 
other research institutions 65 per cent. These included 
independent research institutions and mdustrial con- 
sultants, but, particularly in the newer electrical and 
motor vehicle industries, payments were largely for 
technical information from other companies, often 
parent or associated companies overseas. 
expenditure to outside bodies was highest in indus- 
tries comprising a large number of small manufao- 
turers, which tended to concentrate their effort in 
the co-operative research agsociations. 

These figures suggest that research and develop- 
ment have more than kept pace with the change in 
the value of production. The volume of production 
during the period changed only very slightly, and the 
Heonomics Committee, over which Prof. C. F. Carter 
presided, responsible for the report, is confident that 
this conclusion cannot be invalidated by any imper- 
feotions in the statistics. The second broad conclusion 
that is particularly pertinent just now 1s that the 
proportion of expenditure on research and develop- 
ment in establishments maintained by manufacturing 
industry provided out of defence contracts has fallen 
from nearly two-thirds to less than half, so that in 
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the period the expendrture on ‘civil’ research and 
development hag approximately doubled. 


The basic method used ‘in “this inquiry was to 


apply to the estimates of fully qualified man-power 
engaged in research bnd development obtained by 
the Ministry of Labour from all manufacturing estab- 
lishments employing 500 persons or more, and to a 
sample of those employing between I1 and 499 
persons, estimates ‘of cost per fully qualified person 
obtained, industry by industry, from a sample 
questionnaire addressed by the Department of 
Scientific and Industrial Research to 502 compafiies. 
There was an 80 per cent response to the Ministry of 
Labour inquiry, and the replies from 292 companies 
to that of the Department of Scientific and Indus- 
trial Research covered 1,044 establishments, including 
nine central research establishments serving an 
unspecified number of factories. Together with data 
from an inquiry made by the British Iron and Steel 
Federation, the latter return accounted for more than 
half the fully qualified scientists and engineers 
estimated to be employed on research and develop- 
ment m all manufacturing industry in Britain other 
then the aircraft mdustry, and the estimates are 
regarded as more reliable than those for 1955. 

The estimates of cost per qualified worker vary 
greatly from one industry to another, bemg related 
to the weight of development expenditure and to the 
amount of use made of supporting staff. In its own 
establishments, all manufacturing industry employed 
on research and circ 1 113,508 workers, . of 
whom 26,225 or 23 per cent were qualified scientists 
and engineers. The average cost per qualified worker 
ig thus £10,791; but if the aircraft industry is 
excluded (for which the figure was nearly £31,000) 
the average falls to £7,968, which compares with an 
estimate of £5,600 in 1955. An increase of 14-15 per 
cent can be attributed to rising prices and incomes, 
but, even at constant prices, there appoars to have 


Pare Chemistry Library. 


were 


been an increase in expenditure per qualified worker - 


of about 27 per cent, attributed partly to an increase 
in the number of supporting staff, from about two in 


1956 to three per qualified worker in 1958. The. 


chemical and allied trades (6,368 out of 20,476) and 
electrical engineering and electrical goods (7,677 out 
of 31,848) employed the largest number of qualified 
workers in research and development and the cost 
per qualified worker was £6,655 and £7,472, respec- 
tively. These two mdustries accounted for £43 
million and £64-5 mullion, respectively, of the 
expenditure on research and development, and the 
aircraft industry for £100 millon; but it must be 
remembered that about 80 per cent of the defence 
contracts for research and development were let 
to the electrical engineering and the aircraft 
industries. 
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These estimates of expenditure on research and 
development, when compared with estumates of net 
output, again show remarkable variations between 
industries. Covering all industries, research and 
development expenditure averaged 3-8 per cent of net 
output; but if the aircraft industry, for which the 
figure was 35-7 per cent, is left out, the average is 
2-6 per cent. For the industries based on science, 
such as electrical engineering (11-9), precision 
instruments (10-7) and the chemical industries (5-9), 
the figure was appreciably higher; whereas in the 
traditional industries such as food, drink and tobacco 
or manufactures of wood and paper and printing, 1b 
was as low as 0:6 per cent and 0-25 per cent, respec- 
tively. Capital expenditure accounted for just over 
10 per cent (£29 million) of the total expenditure of 
manufacturing industry on research and development 
_in its own establishments, and of this sum more than 
half was incurred by the chemical and engineering 
industries. 

Looking at the total of £13,664,000, estimated as 
paid by manufacturing industry in Britain to outside 
bodies in 1958, it should be noted that the £546,560 
going to the universities should be put alongside 
£2,286,212 provided from Government departments 
to the universities in 1959-60 and £2,797,060 pro- 
vided in the 1960-61 estimates for specialized 
researches. This is included in the vote of £65,670,790 
for the universities through the University Grants 
Committee, of which £42 million is by way of recur- 
rent grants. But there appear to be no published 
figures for the expenditure on research and develop- 
ment by the Atomic Energy Authority, the vote for 
which in the 1960-61 estimates amounts to £92 
million, apart from £5,430,000 on research and 
development contracts with industry, the univer- 
sities, etc. It should be recalled that such expenditure 
by the Industrial Group alone increased by 280 per 
cont between 1956-57 and 1959-60, and the volume 
of such work placed with industry is to be trebled in 
the next few years. 

The present review of research and development 
expenditure in industry loges something of its value 
for assessing the balance of the research effort in 
Britain through the absence of accurate figures for 
the corresponding Government expenditure against 
which to compare it. In opening a debate on capital 
investment in industry in the House of Commons on 
April 26, Mr. J. H. Osborn, who referred to the White 
Paper, put Government expenditure on civil research 
at about £38 millon, with a further £204 million on 
defence research and £5°3 million by the nationalized 
industries. He did not indicate the source of his 
figures, and his total of £242 million compares with 
an estimate of £277 million given by the Financial 
Secretary to the Treasury in a memorandum on the 
Civil Estimates. 

Even this total of £277,748,774, however, is incom- 
plete. It includes £202,150,000 on research and 
development by the Ministry of Aviation, of which 
£162,920,000 is for research and development work 
by industry, £18-5 million on scientific services by 
the Admiralty, with another £12-29 million on ship- 
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building, repairs, maintenance, etc., £544,000 on 
medical research by the Air Ministry, £650,000 on. 
meteorological research and £137,000 on operational 
research. Then there is £459,350 on the Chief 
Scientist's Department of the Mmistry of Power, 
£287,424 on the Science Museum, £793,200 on the 
Directorate of Overseas Surveys and £200,000 on 
Overseas Geological Surveys. On the other hand, 
some at least of the expenditure, included, that on 
research under the Home Office, for example, is 
scarcely of scientific significance, though some of the 
£15,754,514 for educational services and research, not 
included by the Financial Secretary, could be. 

Most of these items, however, are comparatively 
minor, though the absence of any figures for the 
Atomic Energy Authority and the nationalized 
industries is a major matter, even uf only the first 
falls properly within the Civil Estimates. More sig- 
nificant, however, is the omission of the contributions 
made to research through international bodies; for 
example, £1,330,000 through the Department of 
Scientific and Industrial Research to the European 
Organization for Nuclear Research, £204,000 to the 
International Atomic Energy Agency, £300,000 to 
the European Nuclear Energy Agency, £1,242,000 to 
International Atomic Energy projects, and £6,269,090 
in grants to the Nuclear Research Institute (all these 
through the Atomic Energy Authority), or the 
£125,925 to the scientific schemes of the North 
Atlantic Treaty Organization. Such contributions 
might become more important if the trend eway from 
defence research revealed by the inquiry continues, 
and if the trend to co-operative research with other 
members of the North Atlantic Treaty Organization 
develops. 

Such a trend is suggested both by the discussions 
arising out of the Government decision to abandon 
the development of Blue Streak as a missile and by 
the conclusions of Mr. D. Wilgress in his report to 
the Organization of European Economic Co-operation 
on “Co-operation in the Field of Scientific and Tech- 
nical Regearch’’*. Little wes, in fact, said about this 
aspect in the House of Commons debate, although 
some increase in our investment in research and 
development was urged, and there was little support 
for a view expressed by Lord Grantchester in the 
House of Lords that it is possible to spend too much 
money on research; nevertheless, Mr. H. Rhodes 
suggested that in some industries scientific research 
is badly applied. The question of balance between 
fundamental and applied research or between the 
research effort conducted by industry itself, by 
Government departments and instrfutions, and by 
the universities and research institutes was nob men- 
tioned, and yot this balance may be all-important in 
considering whether or not Britain should extend its 
effort in certain of the more costly and spectacular 
fields at the expense of other fields requiring attention. 

This question of balance is strongly emphasized 
ge Mr. Wilgress in his report, which in fact includes 
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several tributes to the British effort and its organ- 
ization; for example, the development of the 
research sesociation system and the device of the 
National Research Development Oorporation. Mr. 
Wugress was asked to discuss with government 
authorities as well as with*senior representatives of 
national administrations, science and industry, the 
measures already taken or planned to intensify the 
scientific and technical resources of each member 
country of the Organization, to make thoge in high 
authority aware of the importance which scientific 
research and technological development are likely to 
have on the future economy, and to propose measures 
to increase technological resources and to favour the 
establishment of -common action for their more 
rational use. 

While he found an encouraging and increasing 
awareness in the past three years of the need for 
greater scientific and technological activity, Mr. 
Whiilgress regards Europe as falling far behind the 
United States in utilizing the results of applied 
science. He makes some comments on the educational 
system, including the place of fundamental research 
in the universities and the need to ease some of the 
existing rigidities, in the educational systems of 
Kurope. He points out that the solution of really 
difftult problems in fundamental research is best 
left to the initiative and imagination of eminent 
scientists, although when more than one branch of 
science is involved, the team. concept becomes useful. 
He recognizes the difficulty which sponsored research 
presents to the universrties, but suggests that use of 
this method deserves some attention from the 
Organization for European Economic Co-operation, 
and an analysis of sponsored research m Europe 
made by Dr. F. N. Woodward (see Chem. and Indust., 
33; 1960) certainly suggests that there ig plenty of 
scope for development. 

On the whole, Mr. Wilgress considers that more 
intensive scientific research is a matter for national 
rather than international effort. His recommendations 
for reorganizing the scientific activities of the Organ- 
ization are, in fact, strictly limited. He suggests that 
its Committee of Applied Research should in future 
report direct to the Council, and that it should be 
known as “The Committee for Scientific Research”, 
so that it would cover the broad field of scientific 
research while concentrating on those aspects with 
important economic implications. Eventually he 
visualizes the Governng Committee for Scientific 
and Technical Personnel as merging with this Com- 
mittee, and in the meantime he suggests the estab- 
lishment of a scientific advisory committee of seven 
or nine persons, each serving in a personal capacity, 
to advise the Council on the general scientific policy 
of the Organization. 

Mr. Wilgress concludes that the Organization for 
European Economic Organization is the only inter- 
national organization in æ position to develop co- 
operation, in scientific and technical research between 
the countries of Europe. Such co-operation for 
economic ends will be increasingly important, and 
Mr. Wilgress fully recognizes the need to develop 
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co-operative efforts in fundamental research, par- 
ticularly the replacement of weak institutes by one 
strong one, though he also eppreciates the value in 
fundamental research of work proceeding in several 
places. His stress is on the importance of wise and 
inspiring leadership, and he insists throughout that 
while the Organization offers the best scope for 
increasing European co-operation in science, such 
co-operation should have an economic basis or 
implications, and the Organization’s real function is 
to assist in fact-findmg and the dissemination of 
jnformation and to stimulate the development of the 
scientific and technical resources of member-countries 
in the interest of the economic growth of Europe as 
a whole. He lends no support to the launching of 
projects involving large sums of money, and his very 
sensible report emphasizes points that we in Britem 
need to keep carefully in mind in considering the 
balance of research and development in Britam, and 
the effect on that effort of any large new undertaking 
whether in space research or elsewhere. 


QUANTUM THEORY FOR THE 
SCHOLAR 


Mécanique Quantique 
Par Prof. Albert Messiah. Tome 1. Pp. xv+430. 
3,900 francs. Tome 2. Pp. xvi+644. 4,800 francs. 
(Paris: Dunod, 1960.) 


Principles of Quantum Electrodynamics 

By Walter E. Thirring. Translated from the German 
by J. Bernstein. (Pure and Applied Physics: a Series 
of Monographs and Textbooks, Vol. 3.) Pp. xv +234. 
(New York: Academic Press, Inc.; London: 
Academic Books, Ltd., 1958.) 8 dollars. 


EXT-BOOKS on quantum theory in general and 

monographs on special topics in this field are 
appearing nowadays at an ever-increasing rate. 
“Mécanique Quantique” by Messiah is the latest 
addition to the text-book literature. It is of con- 
siderably more than average length; other authors 
usually cover much the same ground in less volume. 
This does not mean to say, however, that this work is 
verbose; given the author’s intention, he could 
scarcely have made ıb shorter. 

To-day there are basically two methods of 
expounding quantum theory—either one {presents the 
theory as a set of rules, the justification of which is 
that they form a logically consistent scheme capable 
of describmg Nature correctly, or alternatively, one 
traces the historic development, discusses the 
inevitability of quantum theory superseding classical 
theory and leads up, step by step, to the general rules. 
On a previous occasion I have remarked that perhaps 
it is time to move away from the idea that the second, 
historical approach to quantum mechanics is essential 
to a first introduction to the subject. In any event, 
quantum theory has many users to-day who are not 
primarily interested in the foundations of the dis- 
cipline. The present volumes are not for these, but the 
student who wishes to go deeply, to understand, not 
just to use, should welcome the existence of an 
exposition such as this, which takes him carefully 
along the traditional road of approach with much 
attention to detail, but without ever losing a basic 
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unity of outlook that makes the book eminently 
readable despite its length. Lest English readers 
may be deterred by the language barrier, let it be 
said that the characteristics of clarity and simplicity 
extend to the language side also. The general contents 
of the volumes are much what one would expect, 
though it should be noted that the stress throughout 
is on general questions rather than on applications. 
Thus, to give but one example, the structure of the 
Periodic Table is treated with unusual brevity and the 
structure of molecules is not discussed at all. On the 
other hand the appendixes include a full summary 
of mathematical group theory. Like most text-books 
the reader is taken right up to relativistic theory, 
with a chapter on the Dirac electron and a sketch of 


quantum electrodynamics. Such final chapters are of ` 


course only useful in providing the ‘further outlook’ 
that whets the reader’s appetite. To treat them in 
detail in the author’s individual style would surely 
kayo required two further volumes. 

ings ‘Principles of Quantum Electro- 
dynamics” deals with precisely the last-mentioned 
questions. Superficially at least it is diametrically 
opposed to what one imagines a continuation of 
Messiah would be. This is a translation of a book that 
originally appeared in German and was at the time 
most favourably acclaimed by the experts. Though 
the English edition ig an expanded vermon of the 
original, brevity is, even now, an outstanding 
characteristic of this author’s style. Perhaps the most 
notable single aspect of this work is its combination 
of fully up-to-date mathematical treatment with a 
continual stress on the physical meaning of the 
formalism. However, for entirely different reasons, 
one can say of this work just as of Messiah’s that, 
while it is probably not the best firat introduction to 
this field, it is eminently recommendable to the 
reader who seeks to acquire depth of understanding— 
and not merely dexterity in manipulation—in a 
difficult subject. N. KEMMER 


WHAT IS AGRONOMY? 


Advances In Agronomy 

Vol. 10. Pp. xii+547. 12.50 dollars. Vol. 11. 
Pp. x+428. 12 dollars. Edited by A. G. Norman. 
(Prepared under the auspices of the American Society 
of Agronomy.) (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 
1958-59.) 


Wet is agronomy ? Certainly, like ‘bilhon’ 
and ‘suspender’, it suffers a potentially embar- 
rassing change of meaning ın crossing the Atlantic. 
In England, little would be left for agronomy when 
the claims of chemistry, entomology, plant path- 
ology and so on had been stated--perhaps the 
study of green manuring, seed-rates and sowing 
da, 


tes. 

In the United States apparently the subject of 
agronomy comprises pretty well all agricultural 
science. Subjects covered by the present volumes 
range from liming to castor-beans and from wheat 
stem rust to water and its relation to soils and 


crops. 

CAT in Agronomy” is written mainly by 
Americans about conditions in the United States ; 
out of 17 articles only 2 come from institutions in 
other countries. (References to recent British work 
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are very rare.) Many articles (especially those 
on soil chemistry) deal with fundamental work 
and make tittle reference to field experiments 
or practice. Many are rather turgid summaries of 
their subjects, devoting only small space to recent 
advances. 

Among articles which appealed to me are those on 
individual crops (safflower and castor-beans) and on 
stem rust of wheat; the last is an excellent account 
of the difficulties of plant breeders competing with an 
adaptable air-borne pathogen. The article on recent 
developments in agricultural machinery in the United 
States 18 excellent and 1s one of the few articles of 
direct interest to British farmers. 

Two articles come from outside the United States. 
One is @ full account of the classification of the soils 
of Australia with their pedological descriptions ; the 
known incidence of mmeral deficiencies is concisely 
set out on maps. The other deals with the soils of 
Holland, relating their origins to their present appear- 
ance and the farming systems which have been 
established on them. 

The articles in these two volumes, with a few 
exceptions, read like a disjointed collection of con- 
densed text-books, or chapters from text-books. The 
range of subjects covered 1s far too wide to justify the 
implied suggestion that they are all branches of one 
science. These volumes do not establish ‘agronomy’ 
as & Bcience. Gd Y. DYkE ss 


FLUID DYNAMICS: A MIXED BAG 


Fluid Dynamics 

By Dr. D. E. Rutherford. (University Mathematical 
Texts.) Pp. ix+226. (Edinburgh and London: 
Oliver and Boyd, Lid.; New York: Interscience 
Publishers, Inc., 1959.) 108. 6d. net. 


Introductign to the Theory of Compressible Flow 
By Prof. Shih-T Pai. Pp. mii+385. (New York: 
D. Van Nostrand Company, Inc.; London: D. Van 
Nostrand Company, Ltd., 1959.) 9.75 dollars ; 73s. 


Fluid Mechanics 

By L. D. Landau and E. M. Lifshitz. Translated 
from the Russian by J. B. Sykes and W. H. Reid.., 
(Course of Theoretical Physics, Vol. 6.) Pp. xii+536.‘ 
(London and New York: Pergamon Press, 1959.) 
105s. net. 


S an aftermath of the rapid development of fluid 
dynamics during and since the Second World 
War, books recording new results or re-interpreting 
old results are now appearing in large numbers. The 
variety of books on fluid dynamics is also increasing, 
and the above three volumes in particular are widelv 
different in purpose, style and content. 

Dr. Rutherford’s addition to the valuable series of 
University Mathematical Texts is aimed at under- 
graduates taking an honours course in mathematics 
in Britain. This is a sensible aim, for there is a 
dearth of introductory texts on fluid mechanics that 
are up to date in spirit as well as in content. Most 
teachers of the subject are aware that the older books, 
which concentrated on ‘perfect’ fluids because greater 
analytical development was thereby made possible, 
are not very useful to-day and may even be education- 
ally harmful. It is possible nowadays to teach aspects 
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of theoretical fluid dynamics which are fundamental, 
which are capable of mathematical expression and 
elaboration, and which describe accurately what 
happens in reality ; but the books which discriminate 
properly between what is merely a mathematical 
exercise without physical significance and what is 
sound theory are not yet numerous. 

In accordance with this need, Dr. Rutherford has 
devoted nearly a half of his book to non-perfect fluids 
(first compressible and then viscous), and the book 
is given a physical flavour by the inclusion of four 
plates of flow photographs. The jacket claims that 
“care has been taken to emphasize the distinction 
between real fluids and the mathematical models in 
terms of which the applied mathematician makes his 
calculations”. I do not think this claim is justified ; 
and, inasmuch a3 the author seems to me not to have 
succeeded in this absolutely vital test, I am doubtful 
if his book has any advantages over older texts, 
except the undoubted merit of cheapness. Dr. 
Rutherford’s other contributions to the series of 
University Mathematical Texts have been on less 
physical subjects and have been well received. In his 
new book there is the same clear exposition and 
appreciation of the needs of students, but there are 
many places where he reveals his amateur status and 
his lack of acquaintance with the realities of fluid 
mechanics. Perhaps the most important fact about a 
Yiseous or ‘real’ fluid is that the flow past a bluff 
body is in general not approximately the same as for 
a completely inviscid or ‘perfect’ fluid, not even when 
the viscosity is extremely small, and if the melusion 
of a discussion of viscous fluids in an introductory 
text has point at all, it is surely to reveal this limitation 
on the applicability of inviscid fluid theory; but a 
statement to this effect is not to be found here, either 
in & general discussion or à propos of particular cases. 
The author repeats the old fallacy about fluid not 
being able to go round sharp edges because of “the 
physical impossibility of having an infinite fluid 
velocity”, and this is made the basis of Joukowski’s 
hypothesis about the circulation. He mecludes the 
change in internal energy of a gas in the expression 
for the “rate at which energy is being dissipated into 
heat”. Such comments (which could be multiplied) 
would be captious if the more purely mathematical 
qualities of the book compensated for the lack of 
. physical understanding. These mathematical qualities 
< do exist, but they also exist in many older books. I 
feel that Dr. Rutherford has added one more to the 
list of text-books on flud dynamics about which 
students have to be warned; although in view 
of its handy size and appealing co his book 
may well be the one students choose in spite of the 
wW 
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Prof. Pai’s book is quite different in type. He has 
prepared an account of the flow of compreasible fluid, 
which, so far as level of treatment is concerned, is 
suitable for postgraduate students and for those 
taking up research in the subject. The military and 
technical importance of high-speed-flow has led, by 
the usual unseen but inexorable processes, to this part 
of fluid dynamics being the favourite of young 
research workers (or did until recently, when magneto- 
hydrodynamics became the ‘chosen’-subject and 
displaced it), and there is a large and hungry market 
seemingly able to consume any number of books like 
this one. Avid readers encourage hasty authors, and 
the breathless unscholarly style of Prof. Pai’s book 
will deter those who look to a book for enlightenment 
as well as information. There is insufficient space here 
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for a detailed account of the contents of the book and 
of its merits; it must be sufficient to say that the 
scope of the book is very wide and that something is 
said on almost all aspects of gas dynamics, some of 
them quite advanced and the subject of current 
research. The writing is not careful, and the 
author’s explanations of fundamentals do not 
inspire confidence. He has, perhaps, done research 
beginners & good turn in gathering so much 
material together, but they will need guidance in 
their use of it. 

‘Fluid Mechanics’, by Landau and Lifshitz, is a 
translation from Russian of one of a set of nine 
volumes making up the authors’ ‘‘Course of Theoreti- 
cal Physics”. The authors are already well known by 
name to Western physicists, but it is a fair guess that 
they will be much more widely known as a result of 
the translation of these nine volumes. When I first 
saw a list of the titles of the nine volumes, I ungener- 
ously inferred that the volumes on theoretig 
classical physics (like the present one) had probably 
been written out of determination to be absolutely 
complete, and that they would be poor relations to 
the volumes on quantum mechanics, field theory and 
statistical physics. Reasonable though this inference 
may have been, at least if the authors had been 
theoretical physicists from Europe or America, it is in 
fact quite unjust here. We have been given 536 pages 
of first-rate writing, with no hint that the authors 
found the material any less interesting than that mn 
their other volumes. The authors have surveyed the 
whole field of fluid mechanics, from a fairly advanced 
point of view, and, although the different branches of 
the subject are of course not carried to the boundaries 
of current research, the book is extraordinarily 
interesting to both teacher and specialist. Analytical 
lucidity of the kind expected of good theoretical 
physicists has been combined with remarkable 
breadth of knowledge of the subject (one’s mind 
boggles at the thought of equal erudition displayed 
on eight other subjects) to produce & book of unusual 


‘quality. 


It must be owned that it is not a book for beginners ; 
& good deal of background material is taken for 
granted, and some of the arguments are rather 
sophisticated. Nor is it likely to be very useful for 
routine reference, since the authors’ choice of material 
is sometimes strange and unsystematic and, moreover, 
they have made little attempt to include experimental 
data. But for a theorist who is advanced enough to 
appreciate new views on innumerable results, some 
standard and some merely ‘well known’, the book ia 
a gold mine. G. K. BATOHELOR 


THIRD CANADIAN CANCER 
CONFERENCE 


Canadian Cancer Conference 

Vol. 3: Proceedings of the Third Canadian Cancer 
Research Conference, Honey Harbour, Ontario, 
June 17-2], 1958. Edited by R. W. Begg. Pp. 
xiv+461. (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 
1959.) 12 dollars. 


AS this conference twenty-eight papers were 
presented on nucleic acids, genetics, viruses and 
tumours, and on the biology of cancer. At the 
two earlier conferences the subjects chosen were: 
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(1) experimental tumours, tumour—host relations, 
enzymes, ionizing radiation; (2) the cell, leukemia 
and chemotherapy, hormones and cancer, immunity 
and basic m isms. Thus the organizers of the 
three conferences seem to have avoided any bias 
towards (a) carcinogens and carcinogenesis, and 
(6) environmental factors and the demography of 
cancer. 

The first section of the third conference deals with 
nucleic acids and consists of nme papers. Their 
relation to the cancer problem is somewhat indirect 
and the term ‘cancer’ is brought in here and there & 
little surreptitiously ; however, the nucleic acids are 
an important theme at most centres of cancer 
research at the present time. 

The second, section, on genetics, consists of seven 
papers, a few of which have a more direct bearing on 
cancer. The leading article, “Recent Contributions 
on the Genetic Concept for the Origin of Cancer-— 

ies on the Nature of Adaptation of the Trans- 
plantable Tumour’’, is by L. C. Strong; it is 36 pages 
in length and is illustrated by a graph three feet long 
(and double sided) ; it would be necessary to be very 
enthusiastio to follow Strong through these 36 pages. 
It is with something akin to relief to find Strong 
concluding that the whole affair is a little unsatis- 
factory, for he finally decides . . . “It seems likely 
that the concept of genic instability is the probable 
explanation of the irregularities of growth en- 
countered in the study of this transplantable ana- 
plastic carcinoma’. 

In the same section there is a paper by L. W. Law 
on “Some Aspects of the Etiology of Leukemia’, 
part of which is devoted to a discussion of one of the 
high-lights of experimental cancer to-day, namely, 
the Gross and the Stewart mouse tumour viruses. At 
first Law appears to be extremely critical of the 
Gross findings being interpreted as evidence of 4 
transmissible virus, but after assembling the results 
accumulated separately by A. Gross, 8S. Stewart, 
C. Friend, S. O. Schwartz and A. Graff, he concludes 
that .. . “Modification has occurred of an acellular 
material, obtained from an AKR source in serial 

e indicating a self-perpetuating characteristic. 
The bulk of the evidence to date, therefore, would 
suggest that the acellular materials derived from 
several sources are leukwmogenic, in certain situations, 
resembling the capacities of X-rays, estrogens and 
carcinogens’. One is almost tempted to ask, “When 
is a cancer-producing virus not a virus?”... 
“When it is a leukemogenic, self-perpetuating 
acellular material obtained from an AKR source 
in serial passage ... etc.” There seem to be 
three alternatives, either the agent is a virus, or a 
chromosomal fragment, or it is infectious ribonucleic 
acid. 

The genetics section also containg a paper by G. 
Klein of Stockholm on “Variations and Selection in 
Tumour Cell Populations’; he writes, ‘It is also 
being increasingly realized that the change from a 
normal to a tumour cell is rarely if ever a single step ; 
usually it is the end result of a series of successive 
changes. Various steps involved in this biological 
process, part of which is known under the name of 
tumour progression. .. .” 

In fact, whether carcinogenesis ocours in steps or 
continuously, or how many steps are involved is 
still a matter of experimental conditions and of 
interpretation. Klein does not seem to be too 
sure of his ground (and with very good reason as 
the whole subject is exceedingly hypothetical), for 


NATURE 


June 25, 1960 


his conclusions are a study in diffidence; almost 
every statement is qualified by a saving clause... 
‘some tentative’, ‘strongly suggest... may’, ‘no 
reason to assume’, ‘some evidences’, ‘little reason’, 
‘seem to be no less complex’, ‘probably varies from 
cage to case’. 

The papers by D. B. Amos, “Some Iso-Antigenic 
Systems of the Mouse”, by S. E. Luria, ‘Viruses as 
Determinants of Cellular Functions”, and by Fuerst, 
“Lysogeny’’, are related to cancer problems, but on a 
slightly different level as it were. 

The article by Sarah E. Stewart, B. E. Eddy and 
M. F. Stanton, “Induction of Neoplasms in Mice and 
Other Mammals by a Tumour Agent carried in 
Tissue Culture”, is of particular interest; these 
workers report that the mouse polyoma virus is also 
effective in rabbits and hamsters, and in a foreign 
strain of mice (Swiss) it can induce leukemia and 
tumours of the parotid, kidney, thymus, meso- 
thelium, mamma, subcutaneous connective tissue, 
bone, hair follicle, thyroid, adrenal, buccal mucosa, 
lung, sweat gland and stomach. Antibodies to the 
virus could be detected in animals bearmg the 
tumour, in control mice housed in the same environ- 
ment as mice with the tumour, and in personnel 
exposed, to the virus. 

Stewart’s results are confirmed in a paper by 
Mirand and Moore, who also repoft that the mouse 
polyoma virus can induce a variety of tumour irf 
the hamster and rat. 

D. W. H. Barnes, M. J. Corf, P. O. P. Lbery, J. 
Loutit and F. E. Neal propose to treat leukemia 
by destroying all the lymphocytes by radiation and 
re-populating the system with healthy cells; the 
resulting combination of tissues and cells derived 
from two individuals 1s termed a ‘chimera’. 

The section on the biology of cancer consists of 
three papers: the first, by L. H. Gray, contains 
little directly on cancer, except for a cautious state- 
ment that ‘‘one particular effect of ionizing radiation 
on genetic material should be mentioned as con- 
ceivably of importance in relation to cancer induction, 
namely, the transformation of prophage into phage”. 
The use of the word ‘conceivably’ is appropriate here, 
for it is conceivable that cancer is induced by a virus 
which conceivably resembles phage. The epilogue to 
the conference is a paper, “The Biology of Cancer”, 
by the emment virologist Sir Macfarlane Burnet. 
He believes that carcinogenic change can be regarded 
as ‘almost entirely” due to somatic mutation or 
clonal selection. As evidence in support of somatic 
mutation he describes the observations on Australian 
long-fleeced sheep. In 30 examples of long-fleeced 
sheep in large herds of short-woolled breeds (20anillion 
sheep), 1 case showed 44 per cent area involvement 
of the wool, suggesting that the mutation occurred 
when the sheep consisted of two cells only; 3 cases 
showed 23 per cent area, indicating mutation at the 
4-celled stage, and 15 cases had 0:23-5:60 per cent 
area, suggesting mutation at a stage later than 16-cell 
segmentation. The frequency of mutation per cell is 
calculated to be 10-715 to 10-?:3, which is of the same 
order as mutation for germ cells. 

Burnet has thus, apparently, overcome the most 
serious theoretical difficulty for somatic mutation, 
namely, that raised by the multicentric view postu- 
lating that carcinogenic induction takes place in a 
whole region. of tissue simultaneously and not in a 
single cell or small group of cells. But to discuss this 
fascinating problem adequately would require a full- 
length review on its own. I. Hmazr 
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An Introduction to Medical Genetics 

By Dr. J. A. Fraser Roberts. Second edition. Pp. 
x+263. (London and Now York: Oxford University 
Press, 1969.) 35s. net. 


HE author looks forward to the day when genetic 

knowledge is so perfectly incorporated into 
medicine that specialists in medical genetics are no 
longer needed. The complexities of human biology 
would seem to make this a distant and perhaps un- 
realizable future, and it must also be admitted that 
little positive work has been done in the past to show 
the clinician or medical student how genetic principles 
may be put to use in ordinary clinical practice. Recent 
discoveries relating blood group frequencies to specific 
diseases have generated a new interest and the present 
book, a second edition appearing nineteen years after 
the first, is an admirable introduction to the subject, 
illustrated exclusively by medical examples and 
almost wholly deductive and non-mathematical in 
treatment. It is designed for the clinician or senior 
student with a real interest In learning something 
about medical genetics. The point of view is clinical 
and based on the affected dividual: eugenics and 
the public health are not discussed. ‘The average 
medical student may woll find the book too demand- 
ing, but he should nevertheless be made to read the 
last chapter, on genetic prognosis. Here is a lucid 
description of how anxious parents can be accurately 
Htlp%d in one of the most critical decisions they will 
ever have to make, whether to have more, or even 
any, children. Preciso and sometimes extensive 
knowledge is an essential prerequisite and in. this field 
also the practitioner should know when. to call in the 
specialist. 

Very recent advances in human cytogenetics, which 
it was possible to refer to ın a postscript, have already 
led to spectacular discoveries, and new observations 
are being reported almost monthly. After sufficient 
time for their proper digestion a third edition will 
surely be called for. The opportunity might then be 
taken to consider how the actions of dogtors affect 
the genetics of the human race and of particular 
individuals, not only through the mutagenic effect 
of the medical uses of radiation, and perhaps of drugs, 
too, but also through the effects of medical treatment 
in preserving individuals carrying deleterious genes 
so that they reach the age of marriage and reproduc- 
tion. R. H. Mouse 
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The Reach of Science 
By Prof. Henryk Mehlberg. Pp. xii+356. (Toronto: 
‘University of Toronto Press; London: Oxford 
University Prees, 1958.) 45s. net. 

HIS book is an able study in the philosophy of 

science. If it seems, in part, a little heavy- 
handed, the reader must accept that as something to 
be paid for the author’s careful approach, and his 
concern to avoid misunderstandings. There are three 
main, parts : the concept of scientific knowledge, the 
method of science, and the universality of science. 
It is a little difficult to state exactly where the writer 
stands, but he is evidently a liberal upholder of the 
“logical inherent universality of science’ rather 
than of the rigid positivism ing from Comte, 
who, in the event, has not proved a very constructive 
influence ın research. 

Prof. Mehlberg makes & good point in bringing 
under one critical comment both historicism and 
psychologism. The errors are parallel; in the first 
case to see in history the sole explanation of some- 
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thing, in the second to assign to subjectivism an 
excessive share in the unravelling of causes. 

The urge to believe that ‘whatever is knowable is 
scientifically knowable” is excellent so far as it goes. 
It is hard to credit nevertheless that the author 
intends to press his thesis to the limit, in view of 
countless lives lived both rewardingly and benefi- 
cently without so much as a shred of ‘knowledge’ as 
thus defined. F. I. G. RAWLINS 


The World of Learning, 1959—60 
Tenth edition. Pp. xiii-+1221. (London: 


Europa 
Publications, Ltd., 1960.) 140s. net. 


HE World of Learning” continues in its now 

established form and hence remains a most 
valuable comprehensive compilation of academic 
organizations throughout the world. It includes 
details of Unesco, giving its origin, aims, functions 
and activities, and followed by alphabetical tresteg, 
of the academic institutes of each of the me r 
countries. It includes learned societies, research 
institutes, libraries and archives, museums and art 
galleries, universities, colleges and technical institutes. 
The entry for each institute contains its address, the 
names of the leading officials, and in most cases a 
list of professors is provided. The compilation ends 
with a thorough sixty-four page index of all the 
institutes covered. It is regretted, however, that the 
editors have still not been able to gain the full co-opera- 
tion of U.8.8.R. institutes, and the total contribution 
by the U.S.5.R. remains at twenty-eight pages. The 
work loses some of its usefulness by still not having a 
name index. 


Chemical Process Principles 

By Prof. Olaf A. Hougen, Prof. Kenneth M. Watson 
and Prof. Roland A. Ragatz. Part 2: Thermo- 
dynamics. Second edition. Pp. xviii +505—-1072+ 


xixtvi. (New York: John Wiley and Sons, 
Inc.; London: Chapman and Hall, Ltd., 1969.) 
788. net. 


HIS is @ completely revised edition of a book 

first published in 1947. After an introductory— 
but not elementary—chapter on thermodynamic 
principles, the authors present an extensive chapter 
on the properties of pure fluids, mainly based on the 
Lyderson—Greenkorn—Hougen three-parameter modi- 
fication of the theorem of corresponding states. The 
rest of the book can be divided into three parts. In 
the first part the authors discuss the aspects of 
thermodynamics that are of particular interest to 
mechanical engineers, such as fluid-flow, power 
production, propulsion, and refrigeration. The 
second part is concerned with solutions, vapour- 
liquid equilibria, and separation processes. The last 
three chapters deal with chemical equilibria in simple 
and complex reactions. This edition 1s enlarged as 
well as improved. Stress is laid on fundamentals, and 
it has been skilfully brought up to date. It is a 
comprehensive work at a level far more advanced 
than most currently available text-books, and will 
hold an important place in the university class-room 
as well as on the reference shelf. If it has a fault, it is 
that of obscurity, particularly in the first chapter. 
This is no primer, and the unversed reader will be 
well advised to choose another book. The informed 
reader, on the other hand, will find it a valuable 
addition to his collection. 

L. E. Mano DE HAZAL 
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EVOLUTIONARY ORIGIN OF SEXUAL DIFFERENTIATION AND 
THE SEX-RATIO 


By Dr. H. KALMUS and Dr. C. A. B. SMITH 
The Galton Laboratory, University College, London 


TUDIES of sex ratio usually start from the 
assumption that it is specifically advantageous 
for a species to divide itself into two sexes in equal 
numbers. They then proceed to special explanations 
why this ratio should break down or be imperfectly 
realized in particular instances. The purpose of this 


article is to investigate: (1) why and when a 1:1. 


sex ratio might be advantageous; (2) how it might 
have arisen. 


Advantages of Sexual Differentiation 


““Hperience suggests that inbreeding in a popula- 
tion is usually disadvantageous, and often markedly 
so. One of the prerequisites for outbreeding is cross- 
fertilization, and this also provides a large number of 
different gene permutations through genetic recom- 
bination. Such genetical diversity can be important 
when there are abrupt changes in environmental 
conditions, and without ıt the species may not be able 
to survive. A possible further function of recom- 
bination is the replacement of deleterious mutants. 
Without such replacement, mutants which are only 
slightly disadvantageous could slowly accumulate by 
chance in small isolated populations, and in time the 
species might die out. These three advantages of 
cross-fertilization suggest why 16 should be biolog- 
ically important. 

Although it is possible to have cross-fertilization 
without sexual differentiation (a condition called 
isogamy), we show in what follows that it is greatly 
assisted by such differentiation. We suggest that 
this is the fundamental reason for the evolution of 
sex in a population, and why it should have arisen 
repeatedly in the history of a single species. 

Fertilization also serves the propagation of a 
species. Self-fertilization is much simpler and a. less- 
hazardous procedure than cross-fertilization. Hence, 
unless there is a really effective barrier to self-fertiliza- 
tion, ib is likely to be very much more common than 
crossing, especially in a species which is rare and 
widely scattered, and this could result in a harmful 
degree of inbreeding. 

There is accordingly a conflict in many species 
between the advantages of cross-fertilization on 
one hand, with its avoidance of inbreeding, and self- 
fertilization or clonal development on the other hand, 
with their much greater ease of propagation. Survival 
of the species may depend on some compromise. 

Another pair of contradictory tendencies closely 
connected with our problem are the respective advan- 
tages of being large and relatively secure, or of being 
small, numerous and mobile. In multicellular organ- 
isms compromise solutions are reached which com- 
bine both these tendencies, either by the sequence in 
time of large soma and small gametes or spores, or 
by the simultaneous production of large and small 
gametes In the same species. 


Advantages of Numerical Sex-Equality 


One aspect of such developments is the establish- 
ment of certain numerical equilibria, of which, as 


we shall show, the sex-ratio is an example. Let us 
start by considering a situation ım which ocross- 
fertilization is guaranteed by self-sterility. For 
example, In many unicellular species two gametes 
from the same clone cannot unite to form zygotes, 
but those from different sub-strams may be able to do 
so even when they are alike in outward appearance. 
If there are only two such sub-strains, suppose they 
occur with respective numbers n, and n,: then the 
number of opportunities of such a mating is propor- 
tional to the number of pairs of mdividuals chosen 
one from the one strain and one from the other, and 
this number is n,n, Now if the total number of 
individuals (n; + m,) is assumed to be effectively 
determined by environmental conditions, we (will) 
get maximum propagation when n,n, has its maxi- 
mum value for given (nı + na). But: 


NNa = $ (nm +n)? — $ (m1 — Aa)’ 


and hence nn, 18 greatest when } tni — n)? is least, 
that is, when. n, — n, = 0, and the two sub-str@ing 
occur in equal numbers. (Similarly, with any number 
of sub-strains which are cross-fertile but self-sterile, 
the optimal situation is that in which all strains ocour 
in equal proportions.) Mechanisms which ensure 
numerical equality of the two kinds of gametes will 
therefore confer a selective advantage: and we 
may expect in such cases numerical equality of 
morphologically similar types of gametes. Situations 
of this kind are observed among other cases in green 
flagellates (Klebs!) and also in the infusoria (Sonne- 
born!) where nuclei are exchanged between two mating 
types. ° 

The products of isogamy in algae and of conjuga- 
tion in infusoria do not undergo long and complex 
developmental changes and therefore do not need 
much reserve substances. On the other hand, such 
substances occur more or less abundantly in the 
zygotes of many higher plants and animals. If such 
species also require a high degree of genetical recom- 
bination, and hence cross-fertilization, the maximum 
propagation will be achieved by providing the 
greatest possible number of zygotes with sufficient 
reserves. Kalmus? has shown that under certain 
plausible conditions this will happen if there is an 
unequal distribution of reserve material éo two 
different kinds (‘small’ and ‘large’) of mobile aquatic 
gametes, but in such a way that the reserve as a whole 
is about equally divided between a large number of 
the small gametes and a small number of the large 
ones. In organisms having external fertilization, 
such as echinoderms, bivalves, fish and others,’ the 
total masses of spermatozoa and ova are indeed 
found to be approximately equal. A similar situation 
is the comparable bulk of pollen and ovarial material 
in some wind-pollinated plants. 

In monecious plants and hermaphroditic annals 
the proportion of sperm and ova (pollen and ovules) 
is regulated by physiological means in each individual, 
and questions of sex ratio do not arise. The problem is 
somewhat different in bisexual animals and plants 
where the proportion of sperms and ova depends on 
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the ratio of males to females in the population. The 
assimilatory powers of males and females are not very 
different in many species, and each oan produce 
about the same volume of sex products. Therefore the 
optimal situation of near equahty of bulk of sperma- 
tozoa and ova can be safeguarded by near equality 
of the numbers of individuals in the two sexes?. 
This occurs in non-copulating species of the following 
animal groups: Coelenterata, Scolecida, Mollusca, 
Brachiopoda, Enteropneusta, Echinodermata, Tuni- 
cata, Ascidia, Cyclostomata, Pisces and Amphibia. 
In plants, comparable relations exist among Myxomy- 
cetes, Phycomycetes as well as among the dicwcious 
flowering plants. 

In the case of animals with internal fertilization 
which have two sexes .copulating, gonochoristic 
forms) we shall require the chances of encounter of a 
male and female to be a maximum ! we have already 
shown that this occurs-when the two sexes have equal 
frequencies, assuming thé total numbers to be limited 
by other factors. 

Inequality in the numbers of the sexes can also 
be disadvantageous in another way. If the popula- 
tion contains, let us say, only a small number of 


No. 4730 


females, then half the genes in the next generation | 


must be derived from these females, however many 
males there may be. It follows that the genetical 
diversity of the popylation will thereby be restricted ; 
in fact, there will be a large number of pairs of half- 

sifs % the next generation, and so presumably a 
janes number of matings of related individuals : 
and this will lead to inbreeding. Sewall Wright has 
devised a measure of this restriction of genetical 
variation in a small population which he oalls the 
‘effective size’ of the population. If there are n, 
males and n, females, and the population breeds 
at random, the effective size is‘ : 


_ Anma (nı — 1) 
hy + Ni ni FNA, 


The greater the ‘effective size’ the smaller the degree 
of inbreeding, other things being equal; ‘thence the 
optimal situation occurs when the offective muze N 
is a maximum. For a given total size n, +n, this 
will occur when (n, — n,)* is least, that is, when 
nm, = n, and there ıs a 1:1 sex ratio. This effect 
wil be most important in small populations, for 
example, if a species is divided up into small, rela- 
trvely isolated groups. 

In all situations considered above we see that the 
observed sex-ratios show a general agreement with 
those expected on the theory that the function of 
sex is to reduce inbreeding so far as possible. In the 
case of species which rear their young, a further 
reason fof expecting equality of sex-ratio at the time 
of sexual maturity has been given by Fisher® in 
terms of the effort required to raise offspring of the 
two sexes. 


= ni F ng — 


Evolution of the Sexual Differentiation 


We now turn from the consideration of the final 
population sex-ratio to the mechanisms through which 
sexual diversity and the numerical equality of the 
sexes may have evolved. A survey of the animal‘ 
and plant’ kingdoms shows that sex-differentiation 
hag vanished and probably arisen many times during 
evolution, and it is safe to assume that no two 
instances were quite the same. Let us again assume 
that a species requires the fusion of two genetically 
diverse types of gametes for its continued existence, 


NATURE 


- determination’. 


1005 


and that fertilization will be most successful if the 
reserve material is stored mainly in one type*. Some 
barrier is required to prevent gametes from the same 
individual from combining, and this must be power- 
ful, or it will be frustrated by the much greater 
probability of encounter of such gametes as compared 
with those from different individuals. Three possible 
devices are as follows: (1) Self-sterility mechanisms, 
for example, self-mcompatibility. These are some- 
times rather precarious arrangements, found in fungi, 
other plants and a few animals. (2) Proterandry or 
protogyny, where individuals produce male and female 
sex products at different times in succession. (3) The 
differentiation of two types (males and females), one 
producing small gametes, the other large ones. 
‘ In certain fish® and mosquitoes® single allelic 
differences or possibly short regions in a chromosome 
seem to determme sex. In most other organisms 
which have been investigated there have evolved 
different and more complex schemes of genetical sex- 
One difficulty which such mette” 
isms encounter during their evolution is that of 
apportioning three genotypes AA, Aa and aa to 
two sexes with equal frequency. 

One theoretical possibility would be to have both 
homozygotes A.A and aa of one sex, and the hetero- 
zygote Aa of the other sex. This has not been 


- found, although Whiting and Whiting’ discovered 


a somewhat similar mechanism of sex determination 
in, the hymenopteran, Habrobracon judlandis ; there, 
heterozygosity at a number of loci on different 
chromosomes results in female development. Males 
are normally haploid, but can also be produced by 
homozygosity at some of these loci. 

Another possibility is that of a homogametic sex, 
genetically aa, and a heterogametic sex, Aa; in this 
context A, a can denote either allelic genes or com- 
plete chromosomes (Y and X). This kind of sex 
determination is of frequent occurrence. It could 
arise through the gradual elimination of the type 
AA, 

Let us suppose that in a diploid population homo- 
zygous for gene a, and producing only small gametes, 
there arises a dominant gene A which results in larger 
gametes with more reserve material being formed. 
These gametes which will carry A will thus provide the 
zygotes with more reserves, and thus be advantageous; 
hence the gene 4 may be expected to spread through 
the population. This spread will, however, be checked 
by the difficulty of union between these large, rela- 
tively static gametes, so that the advantage will 
only remain while there are a sufficient number of 
small gametes also present. Hence this situation may 
be expected to lead to an equilibrium in which both 
dominant and recessive types persist, and most 
fertile unions are between large and small gametes. 
From such a mating system in which there is already 
a tendency towards sexual differentiation, natural 
selection may be expected to develop a more complete 
sexuality in the course of time. 

Another conceivable origin of  sex-differentiation 
would be the appearance of a dominant mutation A 
with the property that types 4A and Aa produce large 
gametes, and aa produces small gametes. Let us 
further suppose that there is dissortative mating, 
that is, a preference for the mating types dominant x 
recessive rather than dominant x dominant or 
recessive X recessive. Then the calculations of Li‘ 
suggest that even with only a moderate degroe of 
dissortation, the population will approach an equili- 
brium in which the proportions of dominants and 
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recessives are aqui, and only a small proportion of 
the dominants are homozygotes 4A. Now the struc- 
ture of such a population differs only little from one 
with completely dissortative matmg, with only the 
two types Aa, aa, present in equal numbers and only 
the single type of mating Aa xX aa. This in turn 
suggests that it may be comparatively easy for selec- 
tion to change from moderate to complete dissorta- 
tion; this involves little disturbance to the popula- 
tion as a whole, but provides it with the advantages of 
sexual differentiation. 

It seems worth noting, as pointed out to us by 
Prof. L. 8. Penrose, that a dissortative mating can 
lead to an equilibrium also when the homozygote AA 
is lethal, whereas without dissortative mating this 
would lead to a gradual elimination of the gene A. 
If, therefore, a dissortative mating system arises 
during the development of sexual differentiation, it 
becomes possible for the 4A type to tend to lethality 

without destroying the system, thus emphasizing the 
“Sierontiation into the two types Aa and aa. This 
can lead ultimately to situations like the human 
one, in which the YY chromosomal zygote is pre- 
sumably lethal. 
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howevor, be pointed out that most of the tendengsies 
which have been postulated m this article do not 
apply to the primary sex ratio, but to numerical sex 
equality at maturity. It has been frequently claimed 
but also denied that the primary sex ratio, that is the 
sex-ratio at conception in man, is very high and it is 
a fact that the secondary sex-ratio, namely, that at 
birth, shows regularly a significant excess of males!. 
However, the survival of females is greater through 
most of post-embryonic life and women reach a higher 
age than men. This situation results in near equality 
of the sexes durmg the reproductive ages. 
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Other mechanisms of ensuring numerical equality 
of the sexes are of course conceivable. It should, 
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O human race is immune from cancer and the 

cancerous spectrum is encountered variously in 
all populations. Humanity justifiably regards the 
disease with dread because of the insufferable pain 
and abject dilapidation which attend its fierce 
mortality. Several unfashionable studies!" have 
established the fact that most patients who contract 
the disease eventually die from it, and Lancaster‘ 
avers dramatically that in the younger age-group in 
Australia there has been no improvement for more 
than a hundred years; in fact, some deterioration 
has occurred in melanoma and leuksmia. The disease 
therefore is ‘‘no ballet dance of bloodless categories” 
but a poignant human problem. 

It may be remarked with disaffection that a per- 
ceptible estrangement exists between the experimental 
and clinical disciplines in oncology. Experimental 
science finds difficulty in disciplining the uncontrol- 
lable variables of the human patient, and studies 
in man are notably disconcerting and imprecise. 
Accordingly, scientists dispose for ther purposes of a 
vast array of susceptible animal colonies and artificial 
carcinogens with which, by exogenous administration, 
tumours are induced and transplanted. In this 
fashion, the honoured tradition of Percival Pott’ 
and of Yamigawa and Itchikawa‘ is projected into 
modern cancer research. It is then assumed that the 
tumours studied by these ‘exquisite techniques, 
masterfully applied” are comparable in genesis, 
evolution, and pathology with human cancer. This 
assumption requires examination. 

With regard to carcinogenesis, the scientist 
(Peyton Rous’) declaims: “Now we know that 
neoplastic changes are not spontaneous, but are 


induced by extraneous agents and conditions in the 
generality of instances and almost certamly in them 
all. It has become ‘rule of thumb’ on finding a 
tumour to look for the agent bringing it on”. To the 
clinician, guch an attitude is not only unacceptable, 
it is also unintelligible. With the exception of a few 
solar and industrial cancers, the only “rule of thumb” 
applicable to the lethal cancers which he daily treats 
is his uniform and unmitigated ignorance of their 
ætiology. 

Most experimental carcinogens are mutagenic, and 
the clinician is further asked to believe that human 
cancer results from a somatic mutation. Conse- 
quently, ‘‘there is little ground for optimism about 
cancer’ and ‘we should look forward not only to 
failure but to a sharp increase in the incidence of the 
disease’’1°, Ignoring the threnody, it may be observed 
that cancer rates, cancer predilection for beth organ 
and site unrelated to mass, and cancer behaviour cause 
difficulties for this hypothesis. Recognized mutation 
rates in human populations rarely exceed 1 per 10, isk 
of population, while cancer attains a much 
rate (further augmented by unrecorded ‘silent’ 
and precancerous complements). Cancers im man 
favour certain zones of certain organs comprising 
about 20 per cent of the body mass while ignoring 
adjacent zones and other massive tissues (the volun- 
tary muscles, bones, liver and small gut are rare 
sites). Certain systems (especially the alimentary) 
produce about 6 per cent of multiple tumours. 
Cancer of the female breast shows several anomalies. 
It is slowly in ing in this century", shows heredi- 
tary associations'*, is bilateral in 3 per cent of 
patients, is consistently more frequent on the left 
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aide, and in almost half the cases affects the upper and 
outer quadrant:?. The theory of somatic mutation is 
unsatisfying when confronted with the combination 
of site and organ predilection unrelated to mass, 
bilaterality, laterality, multiplicity and variable 
frequency. An alternative genetic hypothesis appears 
essential. 

From their studies of spontaneous carcinogenesis 
in human explants, Levan and Biesele’* have postul- 
ated chromosome fracture in a tissue of high mitotic 
index. The human small gut is 23 ft. in length, and is 
remarkable for its very high mutotic index and 
nucleoprotem turnover. Cancer, however, is practic- 
ally unknown there. 

Steiner4*,1*, in his superb surveys, finds several 
incompatibilities. He contrasts the long latent period 
and independent stages of human cancer with the 
more rapid appearance of cancer followmg chemical 
and other mutagenic carcinogenesis. He notes, too, 
that many phenomena of experimental carcinogenesis 
are absent in human cancer (cocarcinogeneais, 
summation, synergism, inhibition, conditional car- 
cinogenesis, and anticarcinogenesis by noncarcino- 
genic substances). Further, he marks the following 
cancers ag essentially human in character because they 
have no counterparts in type and bebaviour among 
the induced tumours of animals: cancers of the 
stomach, colon, tectum, pancreas, lung (broncho- 
fem®c), œsophagus, uterus, salivary gland and 
breast (“a different disease”). This list comprises 
the majority of cancers which the clinician en- 
counters. 

Spontaneous human and anımal cancers are notably 
resistant to chemotherapy, effective against experi- 
mental cancers!?. The elimination of mdustrial 
cancers—a great triumph of modern preventive 
medicine—has not affected total cancer meidence 
because known carcinogens are rare clinically. To 
all these considerations, Greene’s!* experience in the 
transplantation of human tumours is complementary 
—“the highly individualised j neoplasm 
develops to attain ‘independence’ and then to trans- 
cend the species barrier. This profound biological 
transformation is not due to sudden mutations 
affecting normal cells but to a developmental process”. 
Wilis! agrees with this. 

The complexity of the genesis and evolution of 
human cancer becomes even more apparent when the 
biological equilbria in which it ıs mvolved with other 
vital processes are studied. 
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The Genetic Equilibrium 


“Tt must be difficult always to remember”, wrote 
Darwin. in his “Origm of Species”, “that the increase 
of every creature is constantly being checked by 
unperceived hostile agencies”. Although modern 
science has increased the life-span, death comes as it 
must to all men, chiefly through disease. The 
pattern of disease varies in each population. In 
oncology the Mendelian population. is chiefly racial, 
for it is found that certain races favour certain cancers 
and shun others. The cancer-rates, too, vary among 
the races; low rates are chiefly found among primi- 
tive races—the less-variable wild organism (Wadding- 
ton}—and high rates in advanced cultures. It is a 
genetic truism that these Mendelian populations with 
“the common gene pool” (Dobzhansky) and “an 
exceedingly heterogenous aggregate of largely hetero- 
zygous genotypes”’!* survive by virtue of their hetero- 

geneity. Moreover, this heterogeneity -is not related 
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to single genes but to “polygenic groups” mutually 
involved in a “totality of interaction” (Dubinin). 

In 1825, Benjamin Gompertz™, of Northampton 
and of Portuguese extraction, presented a communica- 
tion before the Royal Society asserting that the 
“force of mortality”? and the age of human popula- 
tions manifested a straight-line relationship in the 
logarithmic graph. This function has been merely 
of academic interest for more than a century, and ite 
current resurrection in relation to human cancer is 
indeed a scientific romance. It has now been suffici- 
ently demonstrated in countless millions of human 
beings in many populations that the Gompertz 
function is valid’. The simplicity of this two-dimen- 
sional graph is startling considering its import, and 
it has recently been shown that it is maintained before 
adulthood, if violent deaths are excluded*!. The 
force and authenticity of this human demographic 
study is in some contrast with the restricted informa- 
tion from population studies in animals which “ 
according to strain, sex, laboratory conditions and 
numerous other factors. The number of animals, too, 
is usually too small to provide good curves’. 

When cancer mortality is plotted against age in the 
logarithmic graph it is found that a straight-line 
relationship is sustained at a higher intensity and the 
Gompertz function is applicable‘.5.****, At any age, 
therefore, the cancer mortality is a function of total 
mortality, and the exponential processes are m 
equilibrium, 

The gradient of the exponential graph for total 
mortality shows a doubling rate each 7-8-5 years, a 
specific character of the human species and therefore 
genetically determined. Strong genetic influences 
consequently subtend the genesis, evolution and 
consummation of human cancer. The number of 
cancer deaths in these surveys exceeds 15 millions, 
and it is accordingly difficult to understand why' 
these telling facts do not dominate all cancer 
research. 

With the possible exception of leukemia, the 
straight-line behaviour of the cancerous sub-popula- 
tion relative to the Gompertz function is incompatible 
with the virus theory of cancer™. This casts some 
doubt on Stanley’s zealous aaseveration—“‘it is 
difficult to escape the conclusion that viruses may 
be the setiological agent for most, if not all, cancer, 
including cancer in man, and represents by far the 
most intellectually satisfying hypothesis consistent 
with the presently known facts’**. The function 
emphasizes the genetic relationships of human. cancer 
and creates considerable difficulties for any hypothesis 
based on exogenous carcinogenesis. 


The Pathological Equilibrium 

Each Mendelian population in man manifeste its 
own disease-pattern, and some of the component 
diseases obey the Gompertz function. The pattern 
appears to be determined early in life’, and accordingly 
has strong genetic affinities. Cardiovascular degenera- 
tion is so widely encountered ‘in clinical experience 
that it is regarded as an ‘average’ disease within. this 
pattern. 

The process of neoplasia produces benign lesions 
(such as nevi, universal in whites), border-line 
lesions (which may behave in either a benign or a 
malignant fashion), ‘silent’ and ‘histological’ lesions 
discovered post-mortem or microscopically, and 
finally mahgnant lesions distinguished for their 
lethality. Moreover, certain diatheses (diabetes 
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mellitus) aré associated with a higher cancer incidence. 
Cancer, too, is a complication of certain components 
of the disease-pattern (gastric ulcer, ulcerative colitis, 
achlorhydria, megalocytic anwmia, etc.). ‘Silent’ 
or histological cancers are being reported with 
increasing frequency, especially in the thyroid, 
bronchus and prostate. In the last-named instance 
it is asserted that ‘histological cancer’ can be demon- 
strated in more than half of all patients dying after 
eighty years of age. 

While neoplasia therefore is an ‘average’ disease 
of the population, cancer is not. Moreover, 
Hardin Jones® finds that total disease and cancer 
icidence are interrelated, and he emphasizes the 
narrow margin of variation in the “threshold of 
manifestation” (Law) of cancer compared with the 
‘wide margin in ‘average’ diseases. The intensity of 
the age-specific mortality of cancer equals that of the 
senile population. of more than seventy years of age. 
a oe points of view it is evident that the can- 

sub-populations of the various races resemble 
each other more than their parent populations’, and 
the behaviour of these sub-populations is comparable 
with that of a new biological species*’. 

Despite the manifold sources from which the 
cancerous sub-population may be recruited, it is a 
remarkable fact that the cancer mortality in any 
population is predictable, fairly constant and varies 
within narrow limits. Reference to the year-books of 
the various nations (and since 1952 to the “‘Demo- 
graphic Year Book” of the United Nations) will 
reveal that the cancerous sub-population is a fairly 
constant proportion of the parent population. 
Deaths from cancer vary between 0-03 and 0-3 per 
cent, the higher rates being encountered where superior 
public health services prevail. In this regard the 
Commonwealth Statistician records that in Aus- 
tralia “there has been no increase in cancer mortality 
since 1921 and in some age groups it has actually 
declined”. Soper* refers to a similar state in Switzer- 
land. The manner in which this constant and dis- 
tinctive biological group of lethal cancers is ‘selected’ 
from the neoplastic spectrum and disease-pattern of 
the parent race, strongly suggests Darwinian natural 
selection, operating in a Mendelian population. 


The Ontogenetic Equilibrium 


The psucity of induced tumours available for 
experimental study is in some contrast with the 
bewildering array and variable frequencies of human 
cancers. Moreover, subtle nuances of malignancy are 
encountered varying from ‘histological’ cancer with 
metastases but benign behaviour (papillary cystadeno- 
carcinoma of the thyroid gland) to lethal malignancy 
without a detectable primary (melanoma malignum) 
or without metastases (glioblastoma multiforme). 
Willis holds the view that this protean character of 
cancer demolishes the theory of somatic mutation. 
Ii is likely, too, that failure to appreciate these aspects 
of clinical cancer may explain the tendency in the 
scientific lterature to cancer ag & generic 
disease differing from the normal only in a single 
enzymic or other biochemical aberration and eradic- 
able by a single chemotherapeutic nostram. 

Nevertheless, apart from occasional morphological 
and behaviouristic difficulties, the basis of orderly 
taxonomy im histopathology ia genetic (histo- 
genesis)?+. 

Human cancers do not occur uniformly in equal 
numbers and similar types during each year of the 
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life-span. Some cancers are very frequent, others 
rare. In populations under the action of natural 
selection, or tend to cluster about mean values 
for all characters’®*. A similar phenomenon is dis- 
cerned ag a peak incidence of various groups of cancer 
at certain ages. When such a chart is prepared 
(Fig. 1) it is apparent that the physiological epochs 
(childhood, adolescence, maturity, menopause, senes- 
cence and especially puberty) are also involved in 
these incidences. Thus the “threshold of cancer 
manifestation” may be related to the “ontogenetic 
differentiation’? of the host. 

The racial phenotype is the distinctive characteristic 
of Mendelian populations in man and is profoundly 
influenced by both hereditary and environmental 
(including cultural) factors. In the same fashion, 
the physiological development of the host modified 
by environment appears to modulate the clinical 
presentation of human cancers, and considerable 
racial variations are observed. 

Thus, heredity manifests itself in hereditary cancers, 
‘cancer families’, cancer diatheses, and certain patho- 
logical symbioses (such as the association of stomach 
cancer with achlorhydria, megalocytic ansmia, 
certain blood groups, and a genodermatosis, acantho- 
sis nigricans). Cancer afflicts the sexes equally, and 
sex has a profound effect not only on the cancer of the 
reproductive organs but also im an unexplained 
fashion on certain somatic cancers (bronchogpnie 
carcinoma, pharyngeal cancer). On the other hand, 
monozygotic twins do not manifest total concordance, 
just as the frequency of similarity is not identical in 
mono- and dizygotic twins (Gorer and Oliver?®). 
Migrant studies, too, confirm this blending of heredi- 
tary and environmental factors. These studies (for 
example, the African Negro in the Americas), while 
never conclusive, suggest that cancers of the parent 
population first predominate, being supplanted in 
suc ing generations by indigenous cancers, and 
do not recur (a Lamarckian twist). 

In 1927, the Registrar-General of the United 
Kingdom™ reported the relationship of various 
cancers "to occupation and social stratum and 
similar studies have since incorporated geographical, 
edaphic, social (marriage, housing, diet, etc.), and 
personal (obesity, hygiene, pregnancy, etc.) in- 
fluences. 

Another aspect of human cancer emphasized by the 
peak incidences is that the clinical appearance of the 
cancer is an mdex of the duration of the latent period. 
It will be noted that certain cancers do not appear in 
certain decades (for example, carcinomata of the 
stomach, colon, and rectum never appear before the 
tenth year, those of the breast and pancreas never 
before the twentieth year, and those of the prostate, 
gall-bladder and mouth rarely before the thirtieth 
year)'*, ‘The ‘scatter’ of the age moidence is less 
marked too at the extremes of lfe (in childhood, 
the nephroblastoma, neuroblastoma, embryomsa and 
leukemia, and in the aged, casophageal and prostatic 
cancer). The cancers of these latter epochs are 
characteristic exanthems. It appears, therefore, that 
the latent period is a fairly stable cycle in human 
cancer. This suggestion is supported by Strong's’? 
studies In mouse populations on the compensatory 
responses evoked by fluctuations in the maternal age, 
litter size and latent period. So stable is the latter 
characteristic that homæœostasis was only restored to 
the biological equilibrium by the development of new 
cancers in different organs, the total cancer incidence 
remaining constant. 
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tance to the clinician and to the 
research worker, who believes with 
Homburger that “‘at the core of 
the cancer problem is the patient 
afflicted with the disease’. It is 
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In this equilibrium between the ontogeny of the 
host and the manifestation and behaviour of human 
cancer, an oncoldgical paraphrase of Loeb’s law? 
rAay be discerned: ‘tho human organism, its con- 
stituent parts and their associated cancers each hag 
its own characteristic time-curve’’. 


The Oncological Equilibrium 


An equilibrium of the fourth order exists among the 
cancers themselves. Mendelian populations under the 
action of natural selection compensate extreme 
deviations of one trait with some form of deviation 
of another!*,*4, The cancers themselves behave in 
this fashion, and the equilibrium is of considerable 
epidemiological and demographic interest. If fluctua- 
tions occur in the frequency of certam cancers, 
homceostasis is then achieved by compensatory 
fluctuations in the frequency of other cancers. 

It is now twenty years since Cramer® published 
his law: “There appears to be a general law, that 
when in a given population the incidence of cancer 
in any one particular organ is markedly increased 
when compared with another, there is then a compen- 
satory decrease in the incidence in a number of other 
organs”. 

In 1909, the Registrar-General of the United 
Kingdom directed attention to the catastrophic 
increase mn males, since 1870, of cancer of the tongue 
(228 pef cent). Contemporary clinical opmion held 
that unless radical measures to curtail tobacco 
smoking were enforced, a further increase among 
males and females could be expected to reach a 
maximum by 1950%*. Of course, despite increased 
tobacco consumption, the incidence of tongue cancer 
is now halved. To-day, clinicians are deeply con- 
cerned with the avalanche of bronchogenic carcinoma 
in males and tobacco is again under criticism. Case?! 
has used cohort analysis to show that in the United 
Kingdom, coincident with this marked increase in 
ling cancer, a compensatory fall in several other 
cancers (especially oropharyngeal) has occurred. 


The Clinical Equilibrium 


This equilibrium is a further manifestation of the 
cancer-host relationship. It is of paramount impor- 


Quite frequently encounter 

an equilibrium of considerable 
stability. Every clinician is fam- 
iliar with the patient who, having 
had a cancer of a certain organ 
(often the breast) removed one or more decades 
previously, now has a metastasis in a remote 
organ. Periods of 10-30 years are far from un- 
common. Many observers have reported the cir- 
cumstances which may suddenly upset this latter 
equilibrium, to result in cancerous recrudescence and 
death. Thus surgical operations, pregnancy, illness 
and accidents** are all known to be involved. Many 
forms of therapy m autonomous cancer achieve 
temporary benefit until homoeostasis invalidates 
them. However, the symptomless state of latency 1s 
obviously a therapeutic goal. 

This equilibrium also presents certain distinctive 
human features having no counterpart in experimental 
oncology. This difference relates to the decay of the 
afflicted sub-population. In animal studies the death- 
rate augments as the disease progresses and cancerous 
tissue preponderates ın the body mass. The human 
patient may perish, however, with a relatively small 
tumour from metastatic, mechanical, or metabolic 
complications. The mode of decay here shows a 
straight-line relationship between the logarithmuc 
scale of survival and the lmear measure of time- 
duration of the disease. “It is a remarkable fact 
that the death-rate for all kinds of human cancer 
remains nearly fixed from the moment when the 
cancer is identified’’®. Consequently, the termination 
of human cancer 1s no fortuitous affair but the orderly 
decay of a biological process from “‘unperceived hostile 
agencies’. 


Biology of Human Cancer 


Cancer is usually represented as an anarchic and 
disorderly process, but Darwinian and Mendelian 
regulation permeates its biology and the Gompertz 
function is its commandment. Intricate biological 
equilibria, rising to the fifth order, ensure its specific 
integrity, the ratio and longevity of its constituent 
lesions, its inexorable autonomy and constant 
lethality. 

Hoterogeneity is the vital elixir of Mendelian 
populations under the action of natural selection. 
Cancer is the lethal element in the neoplastic com- 
ponent of the disease-pattern, and consequently is an 
appanage of that heterogeneity. 
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From these points of view, the cancerous patient 
is a phenodeviant in antagonistic symbiosis with a 
lethal parasite. This processional system emerges 
from the anlagen of the embryo, and after a variable 
latent period crosses the thresholds of manifestation 
and autonomy to encompass the death of the host. 
Throughout ite course the cancer is embedded in a 
reticulum of biological equilibria, genetic and 
environmental pressures, and homceostatic reactions. 
The resultant of these forces determines the number, 
site, nature and behaviour of the lesions. 

It is apparent that experimental and clinical cancer 
are not identical diseases. The principal divarication 
between the oncological disciplines pertains to carcino- 
genesis. ‘The genesis of experimental cancer is mainly 
exogenous and mutagenic, and a ‘cause’ is specified. 
Human cancer, on the other hand, arises in a complex 
genetic phenomenon and evolves with the ontogeny 
of the host. No ‘cause’ can be postulated until the 

iology of gene action and of normal ontogeny 
have been reduced to precise physicochemical terms 
(Lerner). 

The “Novum Organum” (LXXXI) lays it down that 
“it is not possible to ran a course aright when the 
goal itself has not been rightly placed”. The preven- 
tion of human cancer is probably eugenic, but neither 
science nor society can yet confront and assimilate 
this proposal. The goals in contemporary clinical 
oncology are therefore readily defined if the present 
cure-rate is to be augmented. First, to devise a test 
which will distinguish the cancerous sub-population 
and permit the cure of their precancerous and can- 
cerous lesions before autonomy supervenes. Second, 
to reduce ineradicable autonomous cancer to ‘latency’. 

These proposals demand novel studies in human 
meteaboliam; but there is some evidence to show 
that they are now within the ambit of modern scienti- 
fic techniques. Success in this ambition would sup- 
press this genius aier which pervades society and rob 
cancer of its terrors. ° 
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A FORERUNNER OF TWENTIETH CENTURY PHYSICS 


A RE-VIEW OF LARMOR’S “AETHER AND MATTER” 


By LANCELOT LAW WHYTE 


N 1900 there appeared a work which, though little 

read to-day, 1s of considerable retrospective inter- 
est, for it records the ideas of a brilliant theoretical 
physicist immediately prior to Planck’s discovery 
of the quantum constant and Hinstein’s formulation 
of the special theory of relativity. 

“Aether and Matter’, by Joseph Larmor, E.R.S. 
(1857-1942, later Sir Joseph Larmor, member of 
Parhament, Lucasian professor of mathematics at 
Cambridge, 1903-32) was issued by the Cambridge 
University Press as an Adams Prize Essay. <A thou- 
sand copies were printed, which were sold by 1912. 
It hag never been re-printed or translated, and is now 
rare; J purchased a damaged copy in 1921 for 
38. 6d. and another in 1953 for £1 10s. 0d. The most 
important references to the book are in the original 
reviews, the obituary notices at Larmor’s death in 
1942, and Whittaker’s “History of the Theories of 


Aether and Electricity” (2 vols. 1951, 1953), where 
there are twenty-six references to Larmor, including 
six to “Aether and Matter”. 

The full title of the book reads: “Aether and 
Matter, a Development of the Dynamical Relations 
of the Aether to Material Systems on the Basis of the 
Atomic Constitution of Matter, including a Discussion 
of the Influence of the Earth’s Motion on Optical 
Phenomena”. The book is a study of the relations 
of micro-discontinuity to macro-continuity, of atomic 
matter to the electromagnetic aether, on a classical 
pre-1900 basis. The text was written by 1898, 
but parts of it had already been published in the 
Pht. Trans. Roy. Soc. and elsewhere between 1894 
and 1897. Thus the ideas expressed in it were formu- 
lated some years before the decisive discoveries which 
opened the quantum and relativity physics of our 
century. “Aether and Matter” expresses the pomt 
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of view of an able mind taking advantage of the facte 
and theories as at 1894/98. 

It is not surprising that Larmor’s bfok has been 
forgotten. Though Larmor was & profound thinker, 
he never achieved any outstanding basic result and 
his work had relatively little influence on the advance 
of fundamental theory. Much of what was most 
useful in “Aether and Matter” (the “Larmor rotation’, 
and other contributions to electron theory) had 
already been published elsewhere, and by 1905 it 
was largely out of date, owing to the work of Lorentz, 
Planck and Emstein. Moreover, Larmor’s careful 
study of the historical development of his subject, 
leaving none of its difficulties concealed, makes heavy 
reading for those who have benefited by the clarifica- 
tions achieved since. Even the best minds have found 
‘‘Acther and Matter” indigestible; though Bohr 
took from t the ‘Larmor rotation’, which he made 
famous by applying it to quantized electron 
orbits?. 

None the less, parts of the book are fascinating, 
for both historical and contemporary reasons. First, 
he gives a masterly analysis of the history of ideas* 
relating atomic matter to the macroscopic electric 
continuum ; and secondly, he shows (though he did 
not know this himself) how far his mind could reach 
out towards issues which are still obscure sixty years 
later, on the basis of the facts and theories of 1898 
dargngly interpreted in terms of fundamental physical 
ideas. This second aspect is the one with which I 
am here concerned : ‘‘Aether and Matter” as evidence 
that a perceptive application of basic ideas can point 
beyond established theories. 

There is no need to describe the facts and theories 
of 1898. The fundamental ideas which Larmor 
employed in interpreting them can conveniently be 
expressed in five antitheses: atomic discontinuity/ 
macroscopic continuity, matter/electricity, scale- 
fixed molecules/scale-free similarity in the macro- 
realm, chiral/non-chiral phenomena, and reversibility/ 
irreversibility. By using these ideas to analyse the 
physics of the time, Larmor was led to fdentify the 
following issues, and to make comments on them 
which are still valid: the need for a characteristic 
length providing definiteness of scale in atomic 
theory ; the existence of pure numbers of importance 
for fundamental theory ; the role of chiral properties ; 
the compatibility of molecular indetermmacy with 
molar de 

It is the fact that Larmor could use basio principles 
to see so far ahead that has led me back to “‘Aether 
and Matter” many times durmg the thirty years 
since these same pure numbers and the presence of 
natural lengths in atomic theory began to receive 
widespread attention. For while in 1960 we tend to 
consider these issues in terms of the characteristic 
discoveries of the twentieth century (Planck’s con- 
stant, relativistic invariance, quantized fields, new 
particles, etc.) in 1900 Larmor reached them from 
very general considerations, which in some sense may 
lie deeper. Thus something can be learnt from his 
achievement in recognizing the importance of these 
four issues. 

I will now consider each of them in turn. 


Need for Definiteness of Scale 


Larmor was the first?, known to me, to enunciate 
(pp. 189/193) the principle that to account for the 
definiteness of scale of material bodies and of their 
radiations atomic theory must contain at least one 
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constant with the dimensions of a length, or the 
equivalent. ‘These are not his words, but they express 
his idea. (Eddington, in his “Fundamental Theory”, 
1948, p. 16, called such systems ‘scale-fixed’, as against 
the scale-free systems lacking any such length.) 
Larmor regarded this necessity for scale-fixed atomic 
expressions a8 one aspect of the more general problem 
of reconciling the discreteness of material structure 
with the continuity of fields, which was the main 
theme of his book. For convenience I shall call the 
above recognition “Larmor’s principle’. 

He used the method of dynamical similarity to 
show that the use of point electrons and electric 
actions depending only on e*/m (for example, not on 
velocities) led to a “deficiency of definite scale”, 
any steady system of such electrons being alterable 
to any other linear scale, in accordance with the 
similarity property of all scale-free systems*. But 

“this indefiniteness of linear scale in a material body 
cannot exist.. Larmor reasoned that this inde 
ness might be eliminated in various ways, by mtr 
ing into the laws (a) a finite mze of the electron ; 
(6) other residual terms important at small distances ; 
or (c) actions dependent on electron velocities—all 
of which methods sre now in use in relativistic 
theories, though they may not be directly relevant 
to the structure of material bodies. 

He did not anticipate the main scale-fixing method 
which proved necessary: the introduction of a new 
constant h, representing discreteness of action or 
angular momentum, which yielded two classes of 
scale-fixing constants: (a) in combination with 
(4.7) and c, a statistically unique wave-length Am 
which is a function of the temperature, through tho 
use of the dimensionless group (he/Ak.7'); and (b) 
in combination with e*, m and c, @ series of basic 
lengths, defining (with numerical factors) the scale 
of atoms, molecules, and characteristic optical and 
other wave-le 

Yet the fact that Larmor did not anticipate the 
dimensions of the necessary constant does not lessen 
the interest of his principle that a scale-fixing constant 
absent in 1898 is indispensable. For both relativity 
theory (by employing combinations with c, for 
example, 63/mc*) and quantum theory (by introducing 
h and powers of the fine-structure constant) have 
‘incidentally’—as we may think—achieved precisely 
what Larmor asserted was necessary*. Both theories 
introduced scale-fixing natural lengths into funda- 
mental theory, and all the empirical data by which 
these theories are supported represent scale-fixed 
phenomena. Al the quantum and the relativistic 
modifications of classical theories are necessarily 
scalo-fixed, since by combining either h or c with the 
‘classical’ constants GM, e, m, natural lengths are 
introduced into the laws. 

Thus in a special, but instructive sense, Larmor 
might be called the unconscious father of twentieth- 
century physics. For Larmor did not know in what 
manner his principle would be satisfied, nor apparently 
did either Planck or Exnstein know (for they never 
referred to this mteresting fact) that the two theories 
they had tiated both satisfied a single principle 
formulated by Larmor: that fundamental theory 
must be scale-fixed. Indeed, twentieth-century 


* The following notation is used : m charge ; 
MASS ; Mi proin mass; o, veloci 
&, vitational oonatant; K, Boltzmann’s constant, 
temperatare. Also Fe charactenstic wig galoa 
diameter of any atom or moleculs ; 


be, diame 
acteristic optical radiation ; uaaa PEEP 
black-body Paalaton law; kiy ees ae 


m, electron 
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physics has ‘out-Larmor-ed Larmor’. He said: 
introduce a scale-fixing length. Physics has done this 
not once, but many times: by discovermg h, by 
employing relativistic corrections, and finally by 
discovering particles to which a series of theoretically 
arbitrary masses have to be ascribed in order to fix 
the linear scale of their respective fields and orbits. 
So the question arises: Why does contemporary 
fundamental theory employ not merely the one 
length that is necessary but very many, the ratios 
of which are (a) powers of the fine-structure constant, 
and (b) the pure numbers relating the mass spectrum 
of the elementary particles ? This leads us to the next 
point. 


Fundamental Pure Numbers 


Tt has been clear to most, from Newton onwards, 
that physics is primarily concerned with numerical 
wraġjos, and Larmor’s mterest in the dimensional 
aspects of fundamental theory, including the known 
existence of certain universal constants (e*, m, ©, G) 
and the suspected existence of others (mass of positive 
particle, characteristic electron velocities in atoms), 
led him to a remarkable achievement : the 1dentifica- 
tion of what are to-day recognized as functions of 
three fundamental pure numbers: (1) the fine- 
structure constant; (2) the ratio electron/proton 
mass; (3) the ratio gravitational/electric actions. 

Larmor did not, of course, anticipate all the funda- 
mental pure numbers now known, such as those of 
the particle mass spectrum, the ratios of the lives of 
the particles discovered since 1932, or those arising in 
nuclear and high-energy systems. But he identified, 
and used in arguments which are still valid, functions 
of the above three numbers ten years before Exnstein 
(1909) directed attention to the importance of the 
dimensionless group e'jhe, and twenty-five years 
before many workers—Eddington, Dirac, Milne, 
Jordan, and others—took up the study of these 
fundamental empirical numbers (1925 onwards). 
This achievement deserves attention, not only for the 
sake of justice and the historical record, but also 
because of the challenging question which arises in 
one case: How could Larmor identify an expression 
of the fine-structure constant before A was dis- 
covered ? 


The Fine-Structure Constant 


At any time from 1817 onwards, when Thomas 
Young had made observational estimates of both 
magnitudes, it was possible for a physicist to meditate 
on the ratio of the wave-lengths of the radiation 
from material systems to the diameters of the 
‘molecules’ of which they were composed. For 
example, Cauchy suggested that the order of magni- 
tude of the sizes of ‘molecules’ might be inferred from 
dispersion properties, but this proved wrong. After 
1880, when the conception of electrical particles was 
being established and the empirical data were more 
reliable, increasing attention was paid to this ratio’. 
But Larmor was probably the first to consider it mm 
the light of dimensional arguments applied to the 
theory of electrons moving in an electromagnetic 
continuum. 

Larmor stated (p. 233) that ‘‘the very striking fact 
that the wave-lengths of free radiant vibrations of 
molecules [in which he includes atoms] are such large 
multiples of their diameters has always invited 
explanation. .. . On the dynamical conception here 
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employed [radiation from rapidly moving electrons], 
1t involves that the orbital velocities of the electrons 
are about of the same order of smallness, exceeding 
10, compared with the velocity of radiation, as are 
the molecular dimensions compared with the wave- 
lengths”. Or: 

Fele = lef 


which corresponds to the quantum mechanical 
relation : 
B . h*/4r*me* 
BV gl O82 cee E S 
elo O . h*c/8r*met j 


where A, B, O, are numerical factors which are 
functions of quantum numbers. 

Thus Larmor correctly recognized the existence of 
a fundamental pure number, mvolved ın electronic 
systems, which (with small numerical factors) must 
determine the ratios both of characteristic lengths 
and of characteristic velocities. ‘The experimental 
facts led him to estimate this geometrical and kine- 
matic ratio as of the order of 10. Moreover, he 
gave the correct reason why Veje must be small, 
since “the energy of orbital groups moving with 
greater speeds would be through time sensibly 
dissipated through radiation, so that such groups 
could not be permanent’’. In fact, condensing 
Bohr’s statement m 1932, the concept of stationary 
states only works because a <1, and the tranajion 
coeficients therefore small enough to be negligible 
in & first approximation. 

Elsewhere (p. 346), Larmor argues that the mternal 
energy function of the atom may be separated’ from 
the energy of the radiation, “for a disturbance.in the 
aether can travel over about 10? diameters of the 
molecule during the period of a single vibration”. 

The radiative model on which Larmor based this 
analysis was that of systems of orbital negative 
electrons the net radiation of which was determined 
by the total resultant electric polarity of the atom. 
Though this model has been discarded, the dimen- 
sional relations underlying Larmor’s argument remain 
valid. We call the above ratio the ‘fine-structure 
constant’ for reasons connected with relativistic 
dynamics, but from another point of view the associa- 
tions of this name may be misleadmg. For Larmor’s 
argument emphasizes that « may be regarded as a 
geometrical and kinematic ratio, a ratio of lengths 
and of velocities, into which mags enters only second- 
arily when it is necessary to compare radiative 
(electron and photon) processes with nuclear and 
other particle processes. Larmor’s model gave the 
correct dimensional relations, but no model is yet 
known, which can account for the empirical value of 
this ratio. While Larmor’s principle asserts that a 
natural length is necessary in atomic theory, it does 
not explain why one 18 not sufficient. 

My conclusion is that ıt was possible for Larmor 
to identify the fine-structure constant before h was 
discovered because this constant has geometrical 
and kinematic, ag well as dynamical, consequences. 
This suggests the possibility that a geometrical and 
kinematic mterpretation of the constant may one day 
help to throw light on its origin and value. 


Ratio Electron/Proton Mass 


In a discussion of the Zeeman effect (p. 341) 
Larmor first assumes, for simplicity, that ejm has 
the same constant value for all the electrical particles 
involved, and then shows that approximately the 
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same result will be obtained if there are additional 
particles for which e/m is small in comparison with the 
value for all the others. “We may for example 
suppose the charges to be the same for all the ions, 
and the effective masses of the positive ones to be 
large compared with those of the negative ones... 
the velocities of the positive ones will be the smaller, 
inversely as the ratio of their masses.” 

During the 1890’s values for e/m were becoming 
available from various sources, first indirectly and in 
1897 from direct measurements; e had been estim- 
ated from 1870 onwards; and the masses of atoms 
had been determined from 1875 onwards. Thus it was 
natural during the 1890’s to infer that positive charges 
were associated with much larger masses than that 
of the negative electron. But it seems that Larmor 
was one of the first to develop dimensional arguments 
employing the ratio electron/proton mass. Indeed, 
he formulated the conditions under which the motions 
of heavier particles can be neglected relatively to 
those of electrons; for example, m calculations 
of the Zeeman effect, in which the influence of the 
magnetic field is treated as equivalent to a uniform 
(‘Larmor’) rotation of the system. 
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The Ratio Gravitatlonal/Electric Actions 


Larmor was interested in the weakness of gravita- 
giqnal relative to electrical actions and in the bearing 
of Shia on the problem of a unified theory of the two 
realms. In this connexion he posed the question, 
“Are the linear equations of the Aether exact ?” 
(p. 186). Clerk Maxwell’s equations are linear, indeed 
“they must be so if all kinds of radiations are to travel 
with the same speed in the celestial spaces”. But 
Larmor noted that the theory of the propagation of 
sound involves the neglect of terms (normally unob- 
servable) of the order of the square of the ratio 
molecular velocities/velocity of sound. He therefore 
asked: “Why then should not relatively minute 
phenomena like gravitation be involved in similar 
non-linear terms, or terms involving differentials of 
higher orders . . . which are as insignificant compared 
with the main ( ) linear terms as is the gravita- 
tion between two electric systems compared with 
their { ) alectric forces ?” 

He considers the difficulties in this assumption, and 
suggests that the smaliness of the optical dispersion 
that would arise from such non-homogeneity of the 
aether “may be estimated by comparing the electric 
force between two ions with ther gravitational 
attraction”’. JLarmor’s conclusion, on the basis of 
the facts available to him, was that “there is little 
to be urged m favour of leaving this loophole for 
the explanation of gravitation”. This in conformity 
with doubts that he and others (for example, A. N. 
Whitehead) felt as to whether a heterogeneous con- 
tinuum, without severe restrictive conditions, can 
provide a sufficiently stable basis for a theory of 
systematic measurements, that is, for the observed 
quantitative consistency between phenomena separ- 
ated in space and time. 

However that may be, we are to-day no more 
certain than Larmor was whether or not electrical 
actions correspond to the main terms and gravitational 
to residual ones in a non-linear field. 


Chiral Properties 


In a section “On ical and Material Sym- 
metry” (p. 140) Larmor considers the invariance 
properties of electrical systems under two transforma- 
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tions: time reversal, or the substitution of — ¢ for 
+ 4, and mirror reflexion, or the substitution of —æ 
for + x; invariance under changes of linear scale is 
treated elsewhere (pp. 176, 189). He is particularly 
interested in chiral’? properties, and discusses these in 
several contexts (pp. 27, 142, 208). 

Larmor enters into a detailed analysis of the in- 
fluence of motion relatively to the aether on chiral 
properties, and discusses the connexions between 
chirality, reflexion, sign of electric charge, magnetic 
fields, and optical rotation properties. Part of his 
argument was challenged at the time, and ıt is now 
largely superseded. 

Yet even here Larmor’s insight is remarkable. 
One example (p. 27) will suffice: “The duality arising 
from the assumption of two kinds of electrons, only 
differing chirally so that one is the reflexion of the 
other in a plane mirror, will present nothing strange 
to those physicists who regard with equanimity even 
the hypothesis of the possible existence of 
positive and negative matter’. This was written in 
1898. 


Atomic Indeterminacy 


Larmor divided physica into two related realms: 
Q) the fundamental ‘molecular’ phenomena (now 
called ‘atomic’) largely obscure to him, where dis- 
creteness plays @ basic role ; and (ii) the ‘mechanical’ 
phenomena of the macroscopic smoothed-out averages 
of electromagnetic actions in the aether. He believed 
(at least until 1898) that the true connexion of the 
two realms would be discovered by interpreting 
fundamental electrical particles as knots, foo, or 
small regions of strain in the esther. Though this 
model for particles may seem naive to-day, his clarity 
regarding the logical and mathematical inter-relations 
of micro- and macro-phenomena is impressive. 
Throughout the book his main concern is the nature 
of the relation of discrete actual distributions (mainly 
electric particles) to continuous macroscopic and 
directly observable actions (mainly the effects of 
currents and fields). 

An eloquent passage (p. 272) describes the advance 
of physica from the macro- to the micro-realm “by 
the graduel reclamation of an empirical fringe 
surrounding the settled domain of the science’. 
One cannot help thinking of Bohr’s Correspondence 
Principle as one reads: “Here progress has been 
effected mainly by transferring to the molecule, 
considered as itself a material system [that is, for 
Lamor, atomic], dynamical ideas the same as or 
analogous to those that hold good in the mechanics 
of sensibly continuous bodies”. He was aware of the 
contemporary ignorance regarding the atomic realm, 
and believed that the progress that was being made 
was only possible because the individual molecule is 
“a nucleus in that universal acthereal plenum that is 
the transmitter of half our impressions” and there- 
fore must in some degree conform to laws based 
directly on macroscopic observation. 

Yet “there can be an unlimited amount of molecular 
structure and function in a given system, which is 
unconnected with any mechanical effect occurring 
in that system treated as continuous matter” (p. 287). 
“Mechanical determmateness thus need not involve 
molecular determinateness’’. 


Conclusion 


By the time “Aether and Matter” was in print, 
Lermor had overcome the tendency to demand 
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mechanical models of the aether (medium with 
rotational elasticity, vortex rings, wheels with bands, 
etc.) which had been prevalent between 1860 and 
1890. Whittaker’ considered that it was “chiefly 
under the influence of Larmor [that] it came generally 
to be recognized that the aesther is an immaterial 
medium gui generis, not composed of identifiable 
elements having definite locations in absolute 

e”. 
ad contributions to electro-magnetic and 
electron theory are fully reported in Whittaker’s 
“History”. Here I have been concerned with s 
different task: to show that Larmor saw far beyond 
the typical problems of 1900 to issues that are still 
unresolved. ‘This was possible, I believe, because a 
radical theoretical analysis, applied with judgment, 
can sometimes lead beyond contemporary theories 
and help to open up new problems the solution of 
which may lie well ahead. 

rtainly the main theme of Larmor’s book, the 
relation of basic discreteness to macroscopic con- 
tinuity, is far from exhausted to-day. There is no 
golden rule for discovermg the new ideas which will 
prove fertile in relation to this problem, for example, 


NATURE 


June 25, 1960 vor. 186 


in nuclear processes. But there is a rational method 
of preparing the ground : to analyse the known facts, 
and the hitherto successful theories, with as little 
prejudice as possible in terms of basic principles 
which appear worthy of confidence. It would 
be of great value to-day to be able to identify 
issues lying as far ahead as those Larmor recognized 
in 1900. 


! Seo Bohr, N., Phil. Mag., 37, 506 (1914) (gee p, 519). 
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Dr. Andrew McKellar 


ASTROPHYSICISTS have learned with great regret of 
tho death, at the early age of fifty, of a well-known 
and very popular colleague, Dr. Andrew McKellar, 
assistant director of the Dominion Astrophysical 
Observatory, Victoria, B.C. McKellar was first 
brought into contact with astronomy as & summer 
student at the Dominion Astrophysical Observatory 
about thirty years ago, when he was an undergraduate 
at the University of British Columbia, Vancouver. 
He proceeded from there to the University of Cali- 
fornia, Berkeley, where be gained his Ph.D. and laid 
the foundations of the spectroscopic technique which 
later served him so well. After two years in the 
PE laboratories of the Massachusetts 

itute of Technology ss a National Research 
Council Fellow, he returned to Victoria, to become 
& permanent member of the staff, and spent the 
rest of his life there. 

McKellar was the first to identify molecules in the 
interstellar gas, a matter of great importance for 
problems of interstellar matter, especially in relation 
to the equilibrium between gas and dust. These 
questions are part of larger problems involving the 
formation of stars from interstellar matter, about 
which so much is said and so little understood. 
McKellar’s identification of these molecules was far 
more than an achievement of the obvious; the 
molecules are unsaturated, their bands in the 
conditions of interstellar space are reduced to 
oe or two lines only, and these are usually quite 
aint. 

McKellar was also one of the leading authorities 
on molecular bands in stellar spectra. He did a great 
deal of exploratory work in the red and near infra-red, 
discovermg and identifying hitherto unrecognized 
bands. His most noteworthy achievement in this 
field, however, was to show that the ratio of abund- 
ance of the carbon isotopes carbon-12 and -13, while 


about 90 in some stars (as on Earth) is about 34 in 
certain R stars, a significant fact for nuclear physicists 
and all who are interested in the origin of the elements. 
While working in the red region he also found that 
some carbon stars contain considerable quantities of 
lithium, an element which ıs normally present in 
stars only in very small quantities, presumably 
because it is easily destroyed by nuclear processes in 
stellar interiors. 

Among other work, McKellar made important 
contributions in the rather difficult field of spectro- 
scopy of comets. He was one of the first to aluminize 
a large telescope mirror. He took a leading part in 
the design of spectroscopic equipment at the Dominion 
Astrophysical Observatory. He was also a leader of 
the small group concerned with unusual eclipsing 
binaries such as © Aurigae, 31 Cygni, VV Cephei, 
where a comparatively small hot star is eclipsed by 
a large and cool supergiant. Absorption lines due to 
the atmosphere of the cool star appear near the 
beginning and end of eclipse and can be used to study 
the outer structure of the supergiant. Apart from 
the Sun, this is our only fairly direct neang of 
exploring a stellar atmosphere. The results suggest 
an irregular field of huge and variable prominences, 
quite unlike the stratified layers of conventional 
theory. 

Perhaps the most important feature of McKellar’s 
work wag his ability to obtain significant résults 
without burdening astronomical literature with over- 
lengthy papers and irrelevant detail. He himself 
with characteristic modesty atiributed this to 
economy of effort imposed by a very long wlness, 
which he knew must eventually prove fatal. His 
many friends will miss “‘Andy’s’” quiet humour and 
charm, and will mourn an astronomer who had the 


gift of courage as well as of scientific insight. He 
leaves & widow and a son and daughter. 
R. O. REDMAN 


June 25, 1960 


No 4730 


Mr. ds P, Pills, CSi ChE. 


Jamms Pme Murs, who died at* his home in 
Sydling St. Nicholas, Dorchester, on May 12, was 
born ın 1890. He was the son of James Edward Mills, 
was educated at Winchester and Corpus Christi 
College, Oxford, and entered the Indian Civil Service 
in 1913. He was allotted to Assam, and in 1916 was 
posted to the Naga Hills, where he occupied himself 
at once on an ornithological survey of the district for 
the Bombay Natural History Society, but was soon 
caught up in the ethnographical work which con- 
stituted his major contribution to science. His mono- 
graph on “The Lhota Nagas” was published in 1922, 
and “The Ao Nagas” followed in 1927. After an 
absence on leave and a term as deputy commissioner 
of Cachar (whence he once wrote to me apropos of 
some controversy with a difficult planter, that he was 
contemplating a monograph on “‘Scotsmen and Other 
Hill Tribes of Cachar’’), he returned to the Naga 
Hils as deputy commussioner, and ‘“The Rengma 
Nagas” followed ultimately in 1937. Meanwhile, he 
had been appointed honorary director of ethnography 
for Assam (1980), and in 1943 he was appointed 
Advisor to the Governor of Assam for Tribal Areas 
and States, a post which enabled him to gain a very 
considerable knowledge of the hill tribes on both 
frontiers of the Province as well as to make practical 

eus of his anthropological knowledge and experience. 
Before this period he had been lent to the Bengal 
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Mechanical Engineering at Manchester : 
Prof. H. Wright Baker 


Pror. H. Wriaur Barer, head of the Mechanical 
Engineering Department at the Manchester College 
of Science and Technology, will retire this summer. 
Prof. Wright Baker was educated at Liverpool 
College and in the Engineering De ent of 
the Faculty of Science, University of Manchester. 
After obtaining his first degree, he joined the War 
Victims Relief Committee and for four years was 
head of its transport department. He afterwards 
went back to his University Department as an 
assistant lecturer, being later promoted to lecturer 
and senior lecturer under the late Prof. A. H. Gibson. 
For his extensive researches into piston temperatures 
in internal combustion engines, he was awarded the 
D.Sc. degree. Prof. Baker was appointed to his 


present chair in 1939. During the War, the size of 


his Department grew steadily to cater for the training 
of Service personnel as well as of undergraduates. 
His Department continued to grow after the War to 
its present large size in accordance with national re- 
quirements ; and its range of research and teaching 
activities broadened. During the past decade his 
interests have been directed towards developing 
workshop technology as a subject worthy of academic 
aitention. Metrology was singled out as his par- 
ticular interest, and under his ægis the Royce 
Laboratory was created and stands as one of the 
finest of its kind in Britain. Prof. Baker’s interest 
in machine tools has led to special emphasis being 
placed on teaching and research in production 
engineering. He is a founder member of the Inter- 
national College of Production Engineering Research. 
Prof. Baker’s publications consist of papers and books 
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Government to recommend on the administration of 
the Chittagong Hill Tracts, and after touring there for 
two months, during which he covered some five 
hundred mules mostly on foot, he submitted a most 
discerning analysis of what was wrong with the 
existing condition of affairs and what was needed to 
improve the administration. there. 

Mills was made C.I.E. in 1941 and C.S.F. in 1947, 
in which year he retired. In 1948 he was appointed 
reader in the School of Oriental and African Studies, 
from which he retired in 1955. The bibliography of 
the ethnology of Assam which he compiled during 
this period has never been separately published 
though used by other bibliographers. In 1942 he 
was awarded the Rivers Memorial Medal of the Royal 
Anthropological Institute for his ethnographical work 
in the Naga Hills, and during 1951-53 he was the 
president of that society. 

Mills made an admirable colleague m administra- 
tion. Though not of very robust constitution he nev 
spared himself, and was always ready to go anywhere 
and tackle anything; and his unfailing fund of 
humour and tolerant good temper endeared him to 
all who came into contact with him, even the wrong- 
doers who suffered at us hands. In Assam it is 
perhaps his many friends m the Ao Naga tribe who 
will most regret the news of his death. 

He married in 1930 Pamela Moira, daughter of 
J. Foster Vesey-FitzGerald, who with two daughters 
survives him. J. H. Horron 
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on thermodynamics, metrology and education. He 
has successfully pioneered a ‘clearing house’ system 
for students seeking university places in engineering, 
and his opening of the Bronze Dead Sea Scrolls—a 
matter of courage and considerable technical skill— 
is one for which he will long be remembered. 


Prof. W. Johnson 


Mr. WorraĮm JonNnson has been appointed to the 
chair in mechanical engineering ın the Faculty of 
Technology of the University of Manchester, as from 
August 1960. Mr. Johnson was educated at the 
Central Grammer School for Boys and later at the 
College of Technology (as it then was) in the Faculty 
of Technology of the University of Manchester. 
After graduating ın mechanical engmeermg in 1948, 
and having become an undergraduate in that Depart- 
ment a year after Prof. H. Wright Baker became the 
head, Mr. Johnson joined the Army and was after- 
wards commussioned in the R.E.M.E. He served 
until late 1947 in various workshops at home and 
abroad, jomimg the Home Civil Service as an 
assistant principal in 1948. Also in 1948 he took an 
external degree of the University of London in 
mathematics. In 1950, Mr. Johnson became lec- 
turer m engineering at what was then the Northamp- 
ton Polytechnic, London, and in 1952 he moved to 
the University of Sheffield, where he became 
interested in the theory of plasticity, especially as 
applied to the forming processes. The results of his 
researches ap in a number of reports to the 
British Iron and Steel Research Association. Mr. 
Johnson was secretary of the Yorkshire Branch of 
the Institution of Mechanical Engineers between 
1953 and 1956, in which year he was appointed 
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senior lecturer in mechanical engineering in the 
Faculty of Science at the University of Manchester. 
His researches during this period in the Faculty of 
Science were extended, but especially he has made 
considerable contributions to knowledge about the 
fundamental mechanics of metal extrusion and 
forging. Mr. Johnson is editor and founder of the 
International Journal of the Mechanical Sctences. 


Botany at Newcastle on Tyne: 
Prof. Meirion Thomas, F.R.S. 


WueEn he retires from the chair of botany at King’s 
College, Newcastle on Tyne, at the end of the present 
session, Prof. Meirion Thomas will have completed 
thirty-six years service in the Botanical Department 
of that institution, first as lecturer during 1934-43, 
then as reader until 1946 when he was appointed to 
the char in succession to Prof. J. W. Heslop Harrison. 
After serving in the army throughout the First World 
War, first in the South Wales Borderers, but for most 
of the time with the Royal Engineers, Prof. Thomas 
entered Trimty Hall, Cambridge, where he remained 
untu his appointment to the lecturership in Newcastle. 
At Cambridge, he combined the study of biochemistry 
and botany with achievement in the field of sport, 
obtaming his ‘blue’ in association football. Prof. 
Thomas is distmguished for his long series of researches 
in plant metabolism, particularly im regard to the 
respiratory and allied processes in apple fruit and 
succulent plants. Many of his papers have appeared 
in the New Ph He was president of Section 
K (Botany) of the British Association at its Belfast 
Meetmg in 1952 where his presidential address was 
a masterly review of our knowledge of such metabolic 
processes in higher plants. Prof. Thomas is also the 
author of a well-known text-book on plant physiology, 
the success of which may be judged from the fact 
that it is now in its fourth edition. His friends will 
wish him a long and happy retirement. He is to be 
succeeded by Prof. J. H. Burnett, professor of botany 
in the University of St. Andrews (see Nature, 176, 
1002; 1965). 


Bacteriology at St. Mary’s Hospital : 
Prof. R. E. O. Williams 


Dr. R. E. O. Wurms, who has been appomted 
to une chair of bacteriology at St. Mary’s Hospital, 
has long mamtained an mterest in both the scientific 
and the clinical aspects of bacteriology. Dr. Willams 
was educated at Sherborne School and the University 
of London. He obtained a B.Sc. at University College 
in 1937 and read medicine at University College Hos- 
pitel, qualifying in 1940. He entered the Emergency 
Medical Service in 1941 and transferred to the 
Medical Research Council Wound Infection Unit in 
1942. In 1946 he jomed the Public Health Laboratory 
Service and was appointed director of the Strepto- 
coccal and Staphylococcal Reference Laboratories 
and of the Air Hygiene Unit in 1949. Dr. Williams 
has made a special study of hospital cross-infection, 
and the laboratories in which he has worked and has 
later directed have made notable contributions to 
this field. His name is associated particularly with 
important research into air hygiene and the typing 
of streptococci and staphylococci. In the latter 
context the energetic development of phage typing in 
the epidemiology of staphylococcal infections has 
been of prime importance and owes & great deal to 
him and his group. Dr. Williams has published 
numerous papers on sill the facets of bacteriology m 
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which he is interested. He has travelled extensively 
and is well known to scientific colleagues in many 
countries.  * 


Royal Society Tercentenary Exhibition 


As one of the functions of the Royal Society ter- 
centenary celebrations this year, & conversazione 18 
to be held at Burlington House on the evening of 
July 23. There will be on this occasion an exhibition 
in the Diploma Galleries of the Royal Academy of 
Arts, illustrating British scientific achievements 
during recent years. The exhibition will differ some- 
what from that usually arranged for a Royal Society 
sorée. There will be fifteen sections, each devoted 
to some field of science in which British contributions 
have been of outstanding importance, and in most 
cages several research centres will be represented in 
each section. The fields which have been selected 
are: calculating machines; physics of the Earth, 
ocean and atmosphere; exploration by radio; 
fundamental particles ; solvent extraction of pluto- 
nium; refined chemical separation; metals; mole- 
cular structure of biological systems; abnormal 
hemoglobins and human chromosomes; natural 
selection; microbial genetics ; antibiotics ; vitamins ; 
electrophysiology ; physiological and biochemical 
aspects of plant growth. The exhibrtion will remain 
open, from 10.30 a.m. to 8 p.m. fromeMonday, July 25, 
until Friday, July 29. On Monday, Tuesday gnd, 
Wednesday, admission will be by ticket only. Schots, 
colleges, scientific societies and professional institu- 
tions are being mformed of the exhibition and tickets 
will be issued to them. On July 28 and 29 the 
exhibition will be open to the public. 


U.S. Expenditure on Academic Research and 
Development 


A PRELIMINARY report on research and develop- 
ment in colleges and universities in the fiscal year 
1958 issued by the National Science Foundation 
shows that during 1954-58 expenditure on research 
and development in the natural and social sciences at 
colleges and universities in the United States in- 
creased from 409-7 million dollars to 735-8 million 
dollars, in which period Federal expenditure for 
research and development in colleges and universities 
proper increased from 140-7 millon to 217-9 million 
dollars. In 1958 expenditure on research and develop- 
ment in colleges and universities proper amounted 
to 327-5 million dollars; agriculture experiment 
stations, including schools of agriculture, to 119-2 
million dollars; and in Federal contract research 
centres, to 289-1 million dollars. At universities 
and colleges proper 74 per cent of this expendi- 
ture was on fundamental research, comparefl with 
35 per cent at agricultural experiment stations and 
24 per cent at Federal contract research centres. Of 
the total 735-8 million dollars, 186-4 million dollars 
was expended in inesring sciences (26:3 per cent 
on fundamental research); 262-3 million doll on 
physical sciences (49-5 per cent); 251-5 million 
dollars on biological sciences (61-7 per cent); and 
35-6 million dollars on social sciences (58-9 per cent). 
Of the 327-5 million dollars expended at colleges and 
universities proper, 67 per cent came from the 
Federal Government, 12 per cent from the Institu- 
tion’s own funds, 11 per cent from foundations, 
8 per cent from industry and 2 per cent from other 
sources. Total indirect, or overhead, costs of con- 
ducting current research are estimated at 28 per cent 
of direct costs. 
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Pauli Memorial Room at CERN 


Ar the suggestion of Mrs. Pauli, the personal 
library of her husband, the late Prof. Wolfgang Pauli, 
has been transferred to the European, Organization 
for Nuclear Research (CERN) m Geneva. 
14, following one of the meetings of the sixteenth 
session of CERN Council, a brief ceremony marked 
the inauguration of the Pauli Memorial Room, where 
the volumes composing the library of the great 
scientist have been housed. This consists of some 
700 books dealing with hterature and philosophy in 
addition to theoretical physics. Ib also includes sete 
of periodicals and a unique collection of reprints. 
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Mathematics, Educatlon and Industry 


THe successful Oxford conference of 1957 on 
mathematical education and industry was followed 
up in 1959 by a similar conference at Liverpool, 
attended by teachers, research workers and indus- 
trialists (Mathematics, Education and Industry : 
a Record of a Conference of Teachers, Research 
Scientists, and Industrialists, held at the University 
of Liverpool, April 1959. Pp. 156. London: 
Technology, The Times Publishing Co., Ltd., 1960. 
7s. 6d.). The summary of the papers and discussions 
now available ranges over a wide field; the teacher 
has now been told that while the research worker 
,iemands a high standard of mathematical technique, 
th8 needs of industry at the moment are for clear 
thought expressed through a fairly elementary 
technique. On the other hand, the teachers have 
been able to explain to the research workers and to the 
industrialists the limitations under which the school 
teacher of mathematics is obliged to work; m a 
school of moderate size, sixth-form mathematics 
cannot be splt into a very large number of groups 
and @® common core of work must be accepted, so 
that special interests cannot be sure of receiving full 
emphasis. One topic which should be further explored 
at a later conference is the place of numerical analysis 
in the school. On the present showing,.the research 
workers and industrialsts do not seem to be sure 
what they would like the schools to do, and the 
teachers do not seem to have studied available school 
texts which show what canbe done. But on the whole 
this pamphlet leaves œ very pleasing umpression of 
increasing co-operation between the two parties. 


National Museum of Canada 


mom 1957 the annual reports of the National 
Museum of Canada have been discontinued, and an 
administrative report of the Museum appears in the 
annual report of the Department of Northern Affairs 
and National Resources. To provide for the pub- 
lication of short papers, which formerly appeared ım 
the annual reports of the Museum, a series of “‘Con- 
tributions” 13 now issued. These permit of the 
grouping of the papers mto the various sciences 
coyered by the Museum, and the first three deal with 
anthropology, botany and zoology (Canada: De- 
partment of Northern Affairs and National Resources. 
National Museum of Canada. Bulletin No. 160: 
“Contributions to Botany”, 1958. Pp. ii+148 (3 
plates). 2 dollars. Bulletin No. 162: “Contributions 
to Anthropology”, 1957. Pp. iti+203 (28 plates). 
2 dollars. Bulletin No. 166: “Contributions to 
Zoology”, 1958. Pp. ii+69. 1 dollar. Ottawa: 
Queen’s Printer, 1959 and 1960). The “Contribu- 
tions? are well produced, amply illustrated and 
attain a high standard in scholarship. Typical papers 
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deal with the salt-marsh vegetation of Churchill, 
Manitoba, some freshwater fishes from north-eastern 
Quebec and Labrador, the dentition of rabbits, and 
@ description of Sadlermiut houses excavated on 
Southampton Island. i 


The Fauna Preservation Society 


THE annual report of the Fauna Preservation 
Society for the year ended December 31, 1959, 
records a deficiency of £153 on the year, but donations 
and legacies received during the year amounting to 
£4,435 have been credited to the General Reserve 
Fund and membership increased by 348 to 1,799 
(pp. 12. London: Fauna Preservation Society, 
c/o The Zoological Society of London, 1960). This 
was due considerably to the interest aroused m the 
preservation of wild hfe by ‘Operation Noah’, 
launched to help the rescue work already begun by 
the Game Preservation and Hunting Association of 
Northern Rhodesia. The rescue ship Erica has been, 
built and entered mto service, and in June the 
Society undertook the work of the Survival Service 
Commussion of the International Union for Con- 
servation of Nature. A special investigation also was 
started into the position of the African black rhino- 
coros to consider whether this rhinoceros should be 
regarded as an endangered species and special efforts 
made for its preservation. 


The Institute of Professional Civil Servants 


Tue fifteenth annual report of the Institution of 
Professional Civil Servants, for the year 1959, pre- 
sented to the annual delegate conference on May 23, 
characterizes the year as one of frustration, despite 
the 3-5 per cent pay supplement on salaries up to 
£2,000 a year, the Coleraine Committee's recom- 
mendations for the higher Civil Service, the 10 per 
cent increase in night-subsistence allowances and the 
commencement of the review of all subsistence 
allowances (pp. 64. London: Institution of Pro- 
fessional Civil Servants, 1960). Membership at 
December 31 was 51,632 compared with 52,239 in 
the previous year. The Institution continues to 
devote time and energy to publicizmg the need for 
more scientific professional and technical workers, 
and for more, and better, planned use of this man- 
power; but the Pay Research Unit surveys and 
consideration of the reports on those surveys have 
involved an enormous time-lag, and this organization 
is to be reviewed in 1960. Concern is expressed at 
proposals for dealing with staff structure in the 
Atomic Energy Authority, and the report also 
describes negotiations dealing with the use and 
recruitment of professional engineers and particularly 
with the possible redundancy among such officers 
caused by devolution. 


Isotope Information Bureau 


Tue Isotope Information Bureau, situated on the 
ground floor of the London Office of the United 
Kingdom Atomic Energy Authority in Charles II 
Street, was opened on June 16 by Sir Roger Makms, 
chairman of the Authority. The ceremony was 
attended by Sir Hugh Beaver and Sir Ralph Cochran, 
representing the Federation of British Industries, and 
by representatives of the Institute of Directors, the 
British Institute of Management, the Department of 
Scientific and Industrial Research and the Board of 
Trade. Sir Roger, in an address of welcome, said that 
the Authority felt that the stage had now been 
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reached at which radioisotopes could be regarded as 
true and tried tools and that industry would gain 
great benefit from ther widespread adoption. He 
expressed the hope that all those interested m the 
production and use of isotopes would take the oppor- 
tunity of visiting the Bureau, whore the Authority 
was putting radioisotopes m the ‘shop window’. Sir 
Hugh Beaver, actmg president of the Federation of 
British Industries, commended the Authority on the 
excellent work it had done on research and develop- 
ment mto isotope uses, and expressed the hope that 
industry would come forward and make use of the 
facilities which the Authority could make available 
in the form of advice and consultancy. The Bureau, 
which is open to the general public, is to be 
staffed by scientific personnel from the Authority’s 
Radiochemical Centre at Amersham, who will be 
able to give on-the-spot edvice to industrialists, 
doctors and research workers. Radioisotopes, the 
trade in which already amounts to nearly a million 
pounds, are widely used in industry, medicme, agri- 
culture and research in the United Kingdom, and 
the Authority's Radiochemical Centre at Amersham 
supplies isotopes to more than sixty countries in all 
five continents. Sir Roger remarked that the use of 
radiowotopes by British industry could easily be 
increased tenfold. 


International Co-operation and the Production of 
Calcium-47 


FOLLOWING & meeting of experts on the production 
of calcium-47 convened by the International Atomic 
Energy Agency in Vienna in December 1958, there 
have been successful efforts to produce this very 
useful radioisotope in Great Britain and the United 
States. Agency research contracts have so far been 
awarded to institutions in France and Sweden to 
promote research on production as well as practical 
applications of Ca-47. As reported at a second moet- 
ing held in December 1959 in Vienna, limited amounts 
of this isotope are now available from Amersham and 
Oak Ridge. Although the present Ca-45 contam- 
ination would not permit the use of this product for 
experiments on normal healthy persons, it is con- 
sidered satisfactory for diagnostic and research work 
in patients and for agricultural and other applications. 
The International Atomic Energy Agency is now 
developing @ programme to assist, through research 
contracts, users of this isotope to procure ıb and 
to co-ordinate further work on appheations of Ca-47 
as woll as its production by methods other than the 
calcium-46 (ny)—caleium-47 reaction. 


Addiction-producing Drugs 


In its tenth report, the Committee on Addiction- 
producing Drugs which was set up by the World 
Health Organization recommends that eight now 
substances derived from different chemical groups 
and all having morphine-like effects should be subject 
to international control (Technical Report Series, 
No. 188. Pp. 16. Geneva: World Health Organiza- 
tion; London: H.M. Stationery Office, 1960. 
1 Swiss franco; ls. 9d.; 0.30 dollar). These sub- 
stances are allylprodme, benzethidine, furethidine, 
levophenacylmorphan, metazodine, norlevorphanol, 
phenazocine and piminodine. The Committee feels 
that the fundamental criterion for the establishment 
and degree of control is the extent to which drug- 
induced behavioural disturbances are a risk to the 
community, for neither the chemical structure per se 
nor any definition, however descriptive, can be a 
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complete guide indicating which substances should 
be placed under control. Consequently, there is a 
need for reseérch along various lines ın the field of 
drug-addiction. In particular, to help the World 
Health Organization in carrying out its functions, 
the Committee must have at its disposal the results 
of basic and applied research in this field. So far, 
insufficient support has been forthcoming for such 
investigations. The Committee strongly urges that 
research on drug addiction should be strengthened 
and expanded, since it continues to be a serious 
international health problem. The Committee makes 
certain technical comments concerning the draft of 
the Single Convention on Narcotic Drugs. It ex- 

the view, imer alta, that only those prepara- 
tions should be retained as exempted preparations 
which constitute no risk to public health, and from 
which the potentially addicting agent is not readily 
recoverable. 
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Mud Fauna of the Stour Estuary 


OnE of the most striking features of any estuary 
is the replacement of freshwater animals by marine 
animals as tho river progresses towards the sea. In 
spite of the presence of numerous estuaries in the 
British Isles, surprisingly few accounts of thew 
ecology have been published. A study of the River 
Stour estuary was made by Fraaces Bull, Helen 
Honeyman and Susan Knott over a period of Ay Sia 
weeks during June 1958 (Transactions of the Suffolk 
Naturalists’ Society, including the Proceedings of the 
year 1959. Vol. XI, Part II. Pp. 217-288. Ipswich: 
Miss Janet C. N. Willis, Honorary Secretary, 1 Holly 
Road, 1960. 7s. 6d.). The scope of the investigation 
was limited to burrowing animals and to them dis- 
tribution in relation to salinity, substrate, and their 
level on the shore. Although no hard and fast lines 
can be drawn, the fauna of the estuary roughly falls 
into three groups, depending on where each species 
attains a maximum. density. It can be inferred that 
a maximum density implies optimal conditions for 
the life of the species. There are those species which 
have their maximum density in the upper reaches of 
the estuary, although they may occur in limited 
numbers right down to Shotley. Examples of this 
group are Corophium volutator, Nereis diversicolor 
and Streblospio shrubsolis. At the other end of the 
scale are those species which do not penetrate to the 
top of the estuary and have a maximum density 
towards the seaward end. These, for example 
Cardium edule and Nephihys hombergis, are generally 
marine species which have managed to penetrate the 
estuary. Although they can live in waters of lower 
salinity than the sea, they appear to be unable to 
survive the wide fluctuations of the upper réaches. 
Finally, there are those species with a muid-estuarine 
maximum, for example Heterctrrus sp., Scoloplos 
armiger and priapulos caudatus. A striking feature 
of the distribution of animals in the estuary is that, 
as soon as salinities become constant between high 
and low water, and the overall salinity higher, the 
total number of animal species rises, although the 
maximum density of any one is usually lowered. At 
Buck’s Horns a total of 866 Corophium volutator and 
720 Nerets diversicolor were collected from four 
stations, while an odd Scrobucularia plana and 
Cyathura carinata were the only other species present. 
The other extreme is shown by the transect at 
Shotley, where eighteen different species were found ; 
the maximum number of any one species collected 
was 137 Scrobucularia plana from six stations. 
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Scottish Geology 


TWENTY-ONE years ago the Geological Survey of 
Great Britam maugurated & new publication, the 
Bulletin, to accommodate short scientific reports by 
members of its staff, and since then more than 
seventy noteworthy papers on British geology have 
appeared within its covers. The latest number 
(Geol. Surv. G. Britain Bull., No. 16. Pp. 178+11 pl. 
London: H.M. Stationery Office, 1960. 20s. net) is 
a compilation of seven contributions to the geology 
of Scotland. Two of them describe the strata en- 
countered in deep borings sunk by the National Coal 
Board in the Firth of Forth, off the coast of Fife, to 
prove the geological structure beyond the present 
limits of undersea mining. A third presents a full 
discussion of the remarkable and lrttle-understood 
post-diagenetic replacements of coal seams by lime- 
stone, found locally in the Coal Measures of Ayrshire 
and in some other British coalfields. Other -papers 
are concerned with Carboniferous lamellibranchs, with 
the classification of Scottish Carboniferous strata, 
and with the igneous rocks of the Pentland Hills ; and 
the volume concludes with a petrological account of 
the sea-stack of Rockall, based on specimens collected 
when it was ‘annexed’ by H.M.S. Vidal in 1955. 
This almost inaccessible islet of segerine-granite, 
200 miles west-north-west of the Outer Hebrides, is 
renowned as s géochemical curiosity, and it has given 
*itm name to the rare rock-type rockallite, present in 
the granite as veins and segregations which are out- 
standingly rich in cerium and zrconium. 
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Parametric Amplification 


A REOENT issue of Philipa Technical Review contains 
an article entitled ‘‘Experiments in the Field of 
Parametric Amplification”, by B. Bollée and G. de 
Vries (21, No. 2 (1959-60), obtainable from N. V. 
Philips’ Gloeilampenfabrieken, Eindhoven, Holland). 
The principle of parametio amplification is described 
on the basis of the century-old Melde’s experiment 
(Ann. Physik u. Ohemie., 109, 193 ; Pep in which 
a taut slightly elastic string is pulled lengthwise at 
the appropriate frequency—nowadays termed the 
‘pumping’ frequency—causing the string to vibrate 
transversely at half this frequency. The electrical 
analogue is a resonant circuit in which the capacitance 
is varied periodically. One example of a voltage- 
dependent capacitance is the germanium diode, which 
has already been used by some workers as the basis 
of a parametric amplifier. The authors of the article, 
however, describe a system which uses a magneto- 
strictive resonator of ‘Ferroxcube’ as the basis of the 
variable capacitor. Longitudinal vibrations are pro- 
duced, in the core, which is centrally clamped; the 
ends of the core are ground to be parallel to each 
other, and opposite each of them is mounted a 
parallel, fixed electrode at a spacing of 80u, giving a 
total capacitance of 532 pF. With a pumping 
frequency of 22 ke./s., satisfactory ‘noise-free’ 
oscillations were obtained at half this frequency, and 
various theoretical predictions were verified. Another 
system, briefly described in the article, uses a piezo- 
electric resonator with a pumping frequency of 
3 Mc./s. This gave results similar to those obtained 
with the magnetostrictive pump. 

Index of Crystallographic Supplies 

PREPARED under the editorship of Dr. A. J. Rose 

(Université de Paris, Laboratoire de Minéralogie et 


Cristallographie), the “Index of Crystallographic 
Supplies” is the second in the series of indexes under- 
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taken by the Commission on Crystallographic 
Apparatus of the International Union of Crystallo- 
graphy (Onion Internationale de Cristallographie : 
Commission des Appareils Cristallographiques. Réper- 
toire de Metériel Cristallographique. 2e Edition. 
Pp. xxvi+ 126. Paris: Société Francaise de 
Minéralogie et de Cristallographie, 1959. 1,250 
francs; 2.50 dollars). The first, entitled “Index of 
Manufacturers of Apparatus and Materials used in 
Crystallography”, was compiled by Prof. A. Guinier 
and published in September 1956. The information 
contained in the present Index has been taken from 
manufacturers’ catalogues, and no attempt is made 
to assess the relative merits of the equipment listed. 
The volume consists of four parts. Part 1 lists equip- 
ment and suppliers, ola the material in eleven 
groups according to their fields of application and 
giving brief specifications to help crystallographers 
in ther selection; Part 2, consisting of three chap- | 
ters, quotes references to publications concerned with 
the reading and interpreting of patterns, books and 
text-books, and the names of periodicals with either 
the word crystallography or mineralogy in their 
titles or sub-titles; Part 3 consists of classified 
advertisements ; and Part 4 gives the addresses of 
manufacturers and suppliers. The table of contents 
is in English, French, German and Russian, and the 
rest of the text in a mixture of mainly English and 
French. The Index is being distributed gratis to all 
crystallographers, but additional copies can be pur- 
chased from the International Union. 


Organization for European Economic Co-operation : 
American Awards 


Tux Organization for European Economic Co- 
operation and the National Science Foundation 
recently announced award of the first twenty-seven 
senior visiting fellowships in science. These awards 
are designed to improve scientific work at the Fellow’s 
home mstitution by training the Fellows m specialties 
that the institut on desires to strengthen. The 
National Science „Foundation is administering the 
felowship programme for United States citizens. 
The recipients will study primarily in member 
countries of the Organization for European Economic 
Co-operation, and several will visit more than one 
country. They will work in Australia, Austria, 
Denmark, France, the Federal Republic of Germany, 
Italy, The Netherlands, Portugal, Sweden, Switzer- 
land and the United Kingdom. Scientists from the 
member countries will also study in the United States 
under this programme, which is supported by the 
Organization and the United States. 


The Blological Engineering Society 

A NEw Society, called the Biological Engmeering 
Suciety, was ina ted at a meeting held at the 
Royal College of Surgeons on June 10. The meeting 
was attended by doctors, physiologists, electronic 
engineers, mechanical engineers and physicists from 
many parts of the country. The purpose of the 
Society is to bring together members of these different 
disciples, from hospitals, research institutes and 
industry, to further the applications of engmeering 
to biological and medical problems. Prof. R. Woolmer, 
professor of anmsthesia at the Royal College of Sur- 
geons, was elected first president. The Council 
consists of: Dr. P. Bauwens, Prof. A. V. Hill, Dr. 
A. Nightingale, Dr. G. Pampiglione, Mr. W. J. 
Perkins, Mr. B. Shackel, Dr. N. Smyth, Dr. A. M. 
Uttley, Mr. H. 8. Wolff, Dr. B. M. Wright. The 
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acting secretary is Dr. A. Nightimgale, Physics 
Laboratory, 8t. Thomas’s Hospital, 5.E.1. 


Lady Tata Memorlal Trust 


Tue Trustees of the Lady Tata Memorial Trust, 
on the recommendation of the (European) Scientific 
Advisory Committee, have made the following 
awards for research on leukemia and allied diseases 
in the academic year beginning October 1: Grants 
Jor research expenses, Dr. B. M. Braganca (Indian 
Cancer Research Centre, Bombay); Dr. J. Pontén 
(Pathology Institute, Uppsala); Dr. M. Simonsen 
(Institute of Pathological Anatomy, Copenhagen) ; 
Dr. H. J. Woodliff (New Pathological Laboratory, 
Radcliffe Infirmary, Oxford). Scholarships, Dr. L. 
Chieco-Bianchi (Institute of Pathological Anatomy, 
Bari); Dr. J. Hastrup (Institute of General Path- 
ology, Aarhus). 


University News : London 

THE following appointments have been announced : 
Dr. H. Harris, reader in biochemical genetics at the 
London Hospital Medical College, to the University 
chair of biochemistry tenable at King’s College; 
Mr. A. F. Huxley, reader in experimental biophysics 
in the University of Cambridge, to the Jodrell chair 
of physiology tenable at University College. 


Yale 


Tas following changes in staff of the Department 
of Botany in Yale University have been announced : 
Prof. Paul B. Sears (conservation, and ecology) will 
retire as from July 1, 1960. Prof. Oswald Tippo 
(anatomy) will leave his post as chairman of the 
Department to assume duties as provost of the 
University of Colorado at Boulder as from July 1, 
1960. Assistant Prof. Theodore Delevoryas (palæo- 
botany) will leave to accept a post as associate pro- 
fessor ın the Department of Botany in the University 
of Illinois. Assistent Prof. Kenton L. Chambers 
(cytotaxonomy) will leave to accept a post as associate 
professor and curator of the Herbarium in Oregon 
State College. Prof. Arthur W. Galston (plant 
physiology) has been appointed chairman of the 
Department as from July 1, 1960. During the 
academic year 1860-61, when Prof. Galston will be 
on sabbatical leave at the Commonwealth Scientific 
and Industrial Research Organization, Canberra, 
Australa, Prof. Norman H. Giles (cytogenetics) will 
serve as acting chairman. Dr. lan M. Sussex (plant 
morphogenesis), of the Department of Biology, 
University of Pittaburgh, has been appointed associate 
professor. He will assume his post on July 1, 1960, 
and will teach courses in anatomy and developmental 
morphology. Dr. Diter H. von Wettstein, of the 
Forest Genetics Institute in Stockholm, has been 
appointed associate professor as from July 1, 1961. 
Dr. von. Wettstein will set up an electron microscopy 
laboratory in the Department, and will give courses 
im electron microscopy and in sub-cellular morphology. 
Dr. William 8. Hulman (plant physiology) has been 
appointed assistant professor. He will aid in the 
teaching of advanced plant physiology and in the 
supervision of graduate students. Dr. John H. Miller 
(developmental morphology) has been appomted 
instructor. Huis primary duties will be to take the 
elementary biology course. Dr. Derald G. Langham 
(genetics), formerly head of the Departments of 
Genetics in Caracas and Maracay, Venezuela, has 
been appointed lecturer. He will give a course in 
economic botany. 
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e 
Announcements 


Tax following were elected officers of the Royal 
Statistical Society on June 15: President, Prof. 
M. G. Kendall; Honorary Secretaries, Mr. B. Ben- 
jamin, Dr. P. Armitage and Mr. B. P. Emmett; 
Honorary Treasurer, Mr. C. T. Saunders. 


Tse Royal Aeronautical Society Man Powered 
Aircraft Group has announced that it will make 
financial contributions to one or more persons 
or organizations who submit promising projects 
designed to further the achievement of man-powered 
fhght. Submissions must reach the Royal Aero- 
nautical Society not later than October 31. Further 
information can be obtained from the Chairman of 
the Man Powered Aircraft Group Committee, Royal 
Aeronautical Society, 4 Hamilton Place, London, 
W.1. 


THE Committee on the Problem of Noise, of which 
Mr. A. H. Wilson is chairman, which was appointed 
by the Minister for Science “to examine the nature, 
sources and effects of the problem of noise and to 
advise what further measures can be taken to mitigate 
1b”, is now ready to receive evidence from persons and 
organizations with special interest or experience in 
matters relevant to the problem of noise. Anyone 
wishing to give evidence should first write to the 
secretary of the Committee, Mr. ®. 8. Matthews, 
Ministry of Health, Savile Row, London, W.1l. » » 


I~ an admirable Library Association Pamphlet 
(No. 20: The Reproduction of Catalogue Cards. By 
Philip 8. Pargeter. Pp. 48. London: Library 
Association, 1960. 88. 8d.; L.A. Members, 6s. 6d.), 
Mr. P. 8. Pargeter provides a comprehensive illus- 
trated survey of the various means used for this 
purpose, imcluding wax-stencil duplicators, spirit 
duplicators, offset lithography, metal plate, stencil 
and spirit addressing machines, microphotography, 
xerography, reflex copying, dyeline processing and 
automatic typewriter. The advantages and dis- 
advantages of each method are recognized and there 
is & list of the principal periodical articles consulted. 

A OCoUESH in practical field techniques in physical 
and cultural geography is to be held in south Devon 
during August 17-31 under the auspices of the Geo- 
graphical Association. Further information can be 
obtained from the Assistant Secretary of the Associa- 
tion, Park Branch Library, Duke Street, Sheffield 2. 

An international congress on “Biophysics” will be 
held in Stockholm during July 31-August 4, 1961. 
The meeting will be divided between a goeries of 
symposia devoted to special topics in biophysics and 
to presentations of a number of contributed papers 
in pure and applied biophysics submitted by the 
participants. Further information can be obtained 
from Dr. Bo Lindstrém at the Department of 
oe Physics, Karolinska Institutet, Stockholm 60, 

weden. 


THe fifth general assembly of the Internatidnal 
Union of Crystallography will be held in Cambridge 
during August 15-20 at the joint invitation of the 
University of Cambridge and the Royal Society. 
These meetings will be followed by symposia durmg 
August 22-24, namely, “Thermal Motion in Crystals 
and Molecules”, and “Lattice Defects and the 
Mechanical Properties of Solids”. Further informa- 
tion can be obtamed from Dr. W. H. Taylor, Crystal- 


Jographic Laboratory, Cavendish Laboratory, Cam- 


bridge. 
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NEW BIOLOGY BUILDING OF THE UNIVERSITY COLLEGE 
OF WALES, ABERYSTWYTH 


A NEW Biology Building to accommodate the 
Departments of Botany and Zoology of the 
University College of Wales was officially opened by 
Sir Keith Murray, chairman of the University Grants 
Committee, at Aberystwyth on April 27. 

The Departments of Botany and Zoology had been 
housed for many years in old-fashioned buildings too 
small for their needs, so that a move to new quarters 
was eminently desirable. The new building which now 
contains these Departments is situated on a hill 
behind the town, with an excellent view over Cardigan 
Bay, on the new College site, an area of former farm- 
land which is large enough to take as many new 
buildings as the College is likely to need in the fore- 


these classes are excollently equipped for general 
botanical work. There are also special laboratories 
for the honours students and for advanced classes 
in plant physiology. Preparation rooms have been 
provided on each floor, to serve these laboratories. 
The botany lecture room accommodates 100 students, 
and there is a seminar room which is also used as a 
herbarium. 

Specially equipped rooms for teaching and research 
in mycology, and a general research laboratory, are 
located on the second floor. The ground floor is 
allocated to plant physiology and biochemistry, apd 
includes the laboratory for advanced classes in this 
subject, and several research laboratories. There 





Fig. 1. 


seeable future. The Biology Building is the third one 
to be erected on this site, the others being a men’s 
hostel and the Institute of Rural Science. The 
College therefore now has a nucleus of a ‘campus’ 
about half a mile from the town. The architects for 
all these buildings were Sir Percy Thomas and Son, 
Cardiff. 

In general plan the building consists of four floors, 
with a large lecture theatre projecting towards the 
sea from the middle of the lowest floor. The Botany 
Department has the north end of each of the four 
floors, the Zoology Department the south end. 

Rooms shared by the two Departments are situated 
in the centre of the building; this applies to the 
joint library and staff common room on the first 
floor. The joint lecture theatre seats 190 and is 
provided with a projection room and modern equip- 
ment for showing sound films and colour transparen- 
cies. The present number of students in each of the 
Departments is about 150. 

The planning and design of the new Botany Depart- 
ment was carried out by Prof. Lily Newton, in con- 
sultation with the architects and staff. Special 
attention was given to the provision of adequate 
teaching laboratories for the second- and third-year 
classes, and the two large laboratories provided for 


The Biology Building at the University College of Wales, Aberystwyth 


are special facilities for enzymology, the use of radio- 
active materials and work on plant hormones. Four 
large growth rooms, with controlled lighting, tempera- 
ture and humidity, provide facilities for controlled 
environment studies. All the physiological labora- 
tories are served with water, gas, electricity and 
vacuum lines. The accommodation in the basement 
includes photographie dark rooms, workshop and a 
laboratory specially equipped for algological work. 

In the old building, many lines of research were 
severely handicapped through shortage of space, poor 
services and inadequate equipment. The greatly 
extended accommodation and facilities, and the 
provision of a considerable amount of modern 
scientific equipment in the new Department, now 
meet the requirements for present-day botanical 
research, 

Tho Zoology Department has been planned on the 
principle that in a small, rather remote situation it is 
better to make reasonable provision for several 
aspects of a subject than to make comprehensive 
provision for any one particular line of teaching or 
research at the expense of the others. The Depart- 
ment is therefore equipped to teach comparative 
anatomy, physiology and embryology, together with 
genetics and ecology: and for students who reach 


A 








the honours or postgraduate levels it also teaches 

entomology, parasitology and marine biology. If 
there is. any special emphasis in the equipment pro- 
_ vided, it is in the direction of ensuring that adequate 
arrangements exist for teaching and research in the 
field of comparative physiology, because the future 
of zoology is so much bound up with this that no 
department can expect to contribute substantially 
to the progress of the subject unless it is well equipped 
for such work. 

The various rooms in the Department (about sixty) 
are so arranged that the circulation of large numbers 
of students is confined in the main to the two lower 
floors, with tho result that senior students and staff 
have the two upper floors to themselves. Thus tho 
large lecture theatre opens from the basement, and 
the main students’ cloakrooms are on the samo level. 
On the floor above is the large laboratory, with tho 
zoology lecture room opening from the same passage. 
Tho floor next above this one is laid out primarily 
for senior physiological teaching and research, and 
also hag a technicians’ common room, a larger com- 
mon room for the academic staff, and the library. The 
top floor provides private rooms for the staff and for 
postgraduate research, as well as the honours labora- 
tory with an adjacent room for section-cutting. 

Several other principles have been kept in mind 
during the planning. Plonty of store-rooms have 
been provided, and also an adequate number of 
photographic dark-rooms situated on different floors, 
so that technicians, research students and academic 
- staff do not need to use the same ones. Further, 
the teaching laboratories have been supplied with 
large and well-equipped preparation rooms opening 
into them, and this much facilitates the handling 
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of teaching material. In connexion with the physio- 
logical section gf the Department there is an aquarium 
in which various types of work can be done, and this 
room has a circulation of sea water through six small 
tanks and a circulation of fresh water through six 
others. In the basement there is a museum, and an 
innovation on the same floor is a visitors’ research 
laboratory in which are four cubicles, each of which 
can be used by a visiting scientist, as well as genoral 
facilities which visitors can share. There are also 
two constant-temperature rooms: and compressed 
air is laid on throughout the building. A laboratory 
properly equipped for the use of radioactive materials 
has boen provided on the roof. 

The whole planning of the internal detail of the 
Zoology Department was done, in consultation with 
the architects and the staff, by Prof. and Mrs. T. A. 
Stephenson. 

Aberystwyth is in many ways very favourably 
situated for biological studies, since there are close at 
hand a wide variety of habitats, which include not 
only the sea and shore for marine studies, but also 
inland rivers and lakes, woodlands, bogs, moorland, 
sand-dunes and salt-marsh. Moreover, there is a 
large botany garden very close to the new building. 
In the past the Biological Departments were handi- 
capped by inadequate laboratory accommodation ; 
but with the large new laboratories and the close 
proximity of a wide variety of natural vegetation awd 
fauna, the College can now offer opportunities for 
biological teaching and research which compare 
favourably with those provided elsewhere in the 
United Kingdom. 

T. A. STEPHENSON 
P. F. WAREING 


BOUNDARY-LAYER RESEARCH IN FLUIDS 


HEN a body of streamlined shape moves 
through a fluid, the latter is disturbed, but in 
the main it is not carried along with the body. 
On the surface of the body, however, the fluid shares 
the body’s motion, because viscosity prevents any 
slip oceurring. | 
fiuid at the surface adhering to it and the fluid in. the 
external flow takes place in a thin layer, called the 
boundary layer. Boundary-layer flow has been 
intensively studied because many important practical 
effects depend on the nature of this flow. The fluid 
exerts a frictional retarding force on the body. This 
drag depends on the way in which the fluid speed 
varies. across the boundary layer, and it tends to 
decrease as the boundary-layer thickness increases. 
It is increased if the flow in the boundary layer, 
instead of being completely smooth or laminar, is 
turbulent, with a small-scale eddying motion super- 
imposed on the mean motion. Much work has thers- 
fore been devoted to the conditions which provoke 
the transition from laminar to turbulent flow in the 
boundary layer. 
Another important practical problem is boundary- 
layer separation. Relative to the body, the boundary- 
. layer fluid has Jess momentum than that in the 


<- external flow. Hence if over the surface of the body 


the pressure rises in. the stream direction, the bound- 
ary-layer fluid may be brought to rest, because it 
will tend to be retarded relatively more by the pres- 
sure gradients than the fluid in the external flow. A. 





The change in speed between the 


piling-up of fow-speed fluid near the surface may 
therefore accur, which may make the streamlines in 
the external flow depart markedly from the shape of 
the body. A low-pressure region over the rear end 
of the body sometimes results, with a consequent 
large pressure-drag. Here again turbulent boundary 
layers behave very differently from laminar ones, 
being much less prone to separation. In recent years, 
with the advent of high-speed aircraft and missiles, 
aerodynamic heating has become of great importance. 
This is largely a boundary-layer effect, because it 
is mainly due to the kinetic energy of the free-stream 
air being converted into heat when, relative to the 
body, the air is slowed down by friction inside the 
boundary layer. Associated with their greater 
frictional drag, turbulent boundary layers tend to 
produce greater rates of heating than laminar ones. 

It can be understood from the foregoing that the 
study of boundary layers as a special department of 
fluid mechanics has itself become specialized into 
several sub-departments. These specialist interests 
are exemplified by the papers presented at the 
meeting on “Boundary Layer Research” arranged 
by Dr. W. P. Jones of the Aerodynamics Division, 
National Physical Laboratory, on behalf of the 
N.A.T.O, Advisory Group for Aeronautical Research 
and Development and held in London during April 
25-29. The topics discussed were grouped under the 
following headings: (1) effects of roughness on 
boundary-layer stability; (2) boundary-layer con- 
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trol : (3) stability of shear layers; (4) mechanism 
of transition and boundary-layer stability ; (5) three- 
dimensional boundary layers ; (6) turbulent boundary 
layers; (7) heat transfer. 

About forty papers were read by authors from 
Belgium, France, Germany, Great Britain, Italy, and 
the United States, and it is obviously out of place to 
attempt to summarize them all here. It may, 
however, be profitable to discuss the topics of some 
of the above headings in broad terms, in the light 
of the papers presented at the meeting. 

The position at which transition to turbulent flow 
-»-o¢enrs on a smooth surface depends on several factors. 
‘If the surface is a flat plate parallel to the flow, it 
- might at first sight be expected that the only factors 
affecting the distance ay of the transition position from 
the leading edge of the plate would be the density p, 
the viscosity u, and the velocity V of the oncoming 
fiow. Then 9 V2;/u, which is a dimensionless quantity 
of the kind known as a Reynolds number, would 
take a definite value at transition. However, in 
practice the Reynolds number of transition is not 
uniquely defined. It is very dependent on the magni- 
tude of any small disturbances present in the stream 
or on the nature of any imperfections in the surface. 
Small wave-like disturbances introduced into the 


No. 4730 


~Jamimaer boundary layer by these means can become 


amplified and glistorted until eventually the flow 
‘becomes turbulent. These processes have been for 
„Many years and still are. the subjects of theoretical 
and experimental investigations, and many papers 
at the meeting were concerned with them. The 
initial small wave-like motions can be treated with 
some success mathematically because the problem 
can be linearized. The disturbance velocities are 
superimposed on those of the undisturbed flow, 
and any products of the disturbance terms in the 
equations are neglected, the first-order terms only 
being retained. A further simplification usually 
introduced is to consider only two-dimensional 
disturbances, such that the disturbance velocities 
do not vary along lines perpendicular to the flow 
across the flat plate on which the boundary layer is 
formed. The justification for this is that it can be 
- shown that such two-dimensional disturbances are 
more rapidly amplified than three-dimensional ones. 
However, three-dimensional disturbances that are not 
too oblique can be amplified, and this process has 
recently been studied because experiment has 
emphasized that the final process of breakdown into 
turbulent flow is essentially three-dimensional, with 
disturbance velocities in all directions superimposed 
on the mean flow. However, the disturbances 
considered by linear theory, even in its three-dimen- 
siondl form, are different in character from those 
which immediately precede the breakdown into 
turbulent flow, and to help to bridge this gap in our 
theoretical understanding, other workers have taken 
into account some of the higher-order non-linear 
terms in the equations. Another difficult problem 
has been the extension of the linear small-disturbance 
theory to high-speed flow. It has recently been 
discovered that the earlier version of this extension 
is in some respects unsound, and a more adequate 
theory is now being developed. 

Surfaces such as aircraft wings are never perfectly 
smooth, and it is therefore important to investigate 
what effects randomly distributed elements of rough- 
ness are likely to have on transition to turbulent 
flow. This problem is too complicated to study 
theoretically, and its experimental investigation is 
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not easy, because it is complicated by the large 
number of factors defining the roughness—the spac- 
ing, height, and shape of the excrescences may all 
vary. For a band of roughness elements of given 
geometry situated transversely to the flow, transition - 
will be provoked immediately downstream of the 
band if the roughness size exceeds a certain minimum. 
This critical size can be defined: by a Reynolds number 
based on the height of the’excrescences and on the 
velocity, density, and viscosity in the oncoming 
boundary layer at a distance from the wall equal to — 
the height of the excrescences. There is some evidence 
that such a critical Reynolds number tends to be 
constant irrespective of the free-stream Mach 
number (the ratio of the speed to the local speed of 
sound), and also irrespective of heat transfer between 
the stream and the surface. If this is so, cooling a 
surface with distributed roughness would tend to 
provoke earlier transition, since it would increase the 
roughness-element Reynolds numbers. This is gn 
contrast with the behaviour of boundary layers on 
smooth surfaces, where cooling delays transition. 
Results of wind-tunnel investigations of transition 
may not be in all respects valid for free-flight condi- 
tions. Turbulence in the free stream outside the 
boundary layers may be much higher in a wind tunnel 
than in flight, where small-scale turbulence is usually 
negligible. In low-speed wind tunnels this free- 
stream turbulence may be reduced to a low level by 
the provision of a large settling chamber containing 
gauze screens through which the air is made to pass 
upstream of the working section, where the model 
under test is situated. However, in high-speed wind 
tunnels the free-stream turbulence cannot be so 
readily got rid of, since in the main it comes from 
acoustic radiation from the eddying motions in the 
turbulent boundary layers on the tunnel walls. A. 
tentative partial explanation of why this radiation is 
greater at supersonic than at subsonic speeds is as 
follows. Eddies in the boundary layer move along A 





with the local speed, so that the external flow moves 


past them. In effect, from the point of view of the 
external flow an eddy may form a moving local 
excrescence or depression. When the speed of the 
relative motion between the external flow and the 


eddy is less than that of sound, the disturbance 
“generated in the external flow would be expected to be 


diffuse, tending perhaps to cancel with contributions 
from other eddies. On the other hand, when the 
speed of the relative motion exceeds that. of sound, 
the effects of the disturbances are presumably con- 
centrated along shock waves, and they might tend 
to persist without cancellation in the external flow. 
If this explanation is correct, it implies that the bulk 
of the radiated energy comes from the eddies’ in the 
inner part of the boundary layer, moving at supersonic 
speeds relative to the external flow, and not from 
eddies in the outer part of the boundary layer, where 
the relative motion is subsonic. In any event, the 
radiated energy is associated somehow with the 
turbulent motions in the boundary layer. If the 
tunnel could be run at sufficiently low pressures it. 
would be possible to have laminar boundary layers 
on the tunnel walls, which would greatly reduce the 
free-stream turbulence-level. Under these conditions, . 


however, the tunnel could not readily be used to study ~~ 


transition, because the boundary layers on any model - 

in the tunnel would normally be entirely laminar. 
It is still a matter for conjecture as to how similar 

turbulent boundary layers in supersonic flow are to 














turbulent eddies, at least up to moderate supersonic 
speeds. The energy radiated to the free stream, dis- 
cussed above, may not play a very big part in the 
overall energy balance. 

A disturbing feature that has been noticed in tests 
of supposedly two-dimensional turbulent boundary 
layers is the presence of three-dimensional effects. 


= Sych characteristics as the boundary-layer thickness 


have been found to be non-uniform for the boundary 
layer on a flat plate along lines across the plate 
perpendicular to the flow. These effects are not to be 
traced to any small imperfections in the leading edge 
of the plate, but they seem to depend on the condition 
fo the sereens in the settling chamber of the tunnel. 
It has been shown that characteristics such as the 
frictional drag, as calculated from the rate of growth 
of the boundary layer, are considerably affected by 
taking into account the spanwise variations. 
Spanwise variations of a somewhat similar kind have 
been observed in regions where a laminar boundary 
layer re-attaches itself to a surface downstream 
of a region of separation.. Liquid which, after being 
smeared on to the surface, evaporates most rapidly 
from regions where the skin friction is highest, reveals 
a streaky pattern with streaks parallel to the flow. 
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This is suggestive of a number of parallel vortices in 
the boundary layer, with their axes in the direction, of 
the stream, Sfich vortices are formed when a fluid 
flows over a concave surface, as has been known for a 
long time. The laminar boundary layer on such a 
surface is unstable because if a relatively fast-moving 
particle of fluid gets displaced nearer to the surface, 
where the general speed of the fluid is less, it comes 
into a region where its centrifugal force exceeds the 
restoring force exerted by the local pressure field, 
which is such as to balance the local, smaller, centri- 
fugal forces. Thus the motion is unstable, and pairs 
of counter-rotating vortices result. It would seem 
at first sight reasonable to expect a similar instability 
in a re-attachment region, where the streamlines tend 
to be concave even when the solid surface is flat. 
However, it was found that the streaky pattern per- 
sisted even when the surface on which the re-attach- 
ment occurred was made convex. This would pre- 
sumably darmp out any instability of the concave- 
surface type, so the cause of the streaky patterns 
remains at present a mystery. 

Many other topics were considered at the meeting, 
but there is no space to describe them here. It will 
already be evident, however, how abundantly fruitful 
has proved the concept of the boundary layer, first 
thought of by Prandtl more than fifty years ago, in” 
1904. In the decade following that year scientific 
papers on boundary layers appeared at the rate of 
about one a year. The current rate has been estimated 
to be about 160 a year, and this rate is still increasing. 
Despite all this effort, we are still a long way from 
understanding many boundary-layer phenomena. 
The attempt to solve these problems is one of the 
most interesting tasks of present-day aerodynamics, 
a task which is likely to take at least another fifty 
years to complete. G. E. GADD 


THE BRITISH LEATHER MANUFACTURERS’ RESEARCH 
ASSOCIATION 


HE British Leather Manufacturers’ Research — 


Association held its fortieth annual open days 
during May 3-5 at Milton Park, Egham, the Surrey 
mansion where the laboratories of the Association have 
been established for the past ten years. More than four 
hundred visitors attended, mostly from the industry, 
but including representatives of university depart- 
ments, research associations, government depart- 
- mentssand other bodies. 

E The Association, which was one of the earliest to be 
= established under the Department of Scientific and 
Industrial Research scheme for co-operative research 
in industry, has an income of £65,000 p.a., and applies 
its effort in roughly equal proportions to background 
research, technological investigations and member 
services, Studies of the composition of skin have 
been maintained since Dr. Joane H. Bowes, the 
Association’s chief biochemist, worked out the 
overall amino-acid composition of collagen some 
. fifteen years ago; in this year’s exhibition the 
> decrease with increasing age of the animal in the 





proportions of serum and other non-collagenous— 


proteins in the skin was shown. The Biochemistry 
Department is making a fundamental investigation 





(sponsored by the U.S. Department of Agriculture) . 
on the mechanisms of the deterioration of leather by 
various agencies such as heat, moisture and perspira- . 
tion. A survey of the rates of deterioration of 
different kinds of leather was shown, together with 
an exhibit of the more fundamental aspects of the 
work, which involve the use of continuous paper 
electrophoresis and liquid-phase chromatography, to 
identify the breakdown products of the protein fibres 
and the tanning agents, and the use of isotopic 
labelling, to follow the movement of tanning agents 
out of the protein phase. 

In the Physics Department, under Dr. R. G. 
Mitton, work on waterproofing of leather was showh. 
While the intrinsic water-resistance of leather is 
adequate for many purposes, there are increasing 
demands for special leathers with improved per- 
formance. Results obtained with a variety of treat- 
ments designed to improve water-resistance without 
reducing the porosity of leather were shown. An 
important objective of the work of the Physics 
Department is to devise laboratory tests for assessing 
the complex physical properties of leather in its 
many uses; a number of test machines constructed 







natural organie tannins ; 
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in the Association’s laboratories were exhibited. 
= Performance trials under controlled conditions also 
- prove valuable. Studies of the mecharfical properties 
of collagen and leather fibres were also displayed. 
. The properties of leather depend on those of its con- 
>o ptituent fibres and on their mode of interweaving. 
-= An electrobalance for weighing very small fibres and 
an extensiometer for determining their stress/strain 
¿o relation in different controlled atmospheres have been 

=o constructed at Milton Park for this work. 
The Biology Department, under Dr. Mary Dempsey, 


n; one of the items on show was the album of 
_ photomicrographs (Hides, Skins and Leather under 
the Microscope’), published by the Association, 


which has had a wide circulation among investigators 
-~ In other fields concerned with the structure of animal 


skins, 


Other exhibits showed the influence of 
abnormal skin conditions such as mycotic dermatitis, 
hyperpigmentation and melanomia, on the resulting 
leather. 

In the Chemistry Department, under Dr. D. E. 
Hathway, exhibits summarized the work done during 
the past five years, which has contributed substanti- 
ally to the understanding of biogenesis and structure 

< of the condensed and the hydrolysable groups of 

the aromatization of 
glucose yields gaflic acid and other phenolics (includ- 
eing ellagic acid formed by oxidation of gallic) ; these 
by esterification with glucose form the hydrolysable 
tannins, which are converted to condensed tannins by 
oxidation in the plant. A variety of non-tannin 
extractives from trees were also shown, for example, 


taxifolin and dihydropiceatannol from barks of native 


conifers (supplied by the Forestry Commission) and 
< hydroxystilbenes from the heartwood of Eucalyptus 
-redunca. The Chemistry Department is also respons- 
- ible for work on leather dyeing, and has developed 
= the application to leather of the ‘Procion’ range of 
dyestuffs introduced a few years ago by Imperial 
Chemical Industries, Ltd. These dyes combine 
-with the substrate by a covalent link giving improved 
- fastness in comparison with other types of dye, which 
in general become attached by less-specific links. 
The use of a resist, of the same chemical type, to 
_ modify the fixation of ‘Procion’ dyes on leather, was 
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¿is pre-eminent in the study of the fibre structure of 


also shown. This material, now manufactured by 
Imperial Chemical Industries, Ltd., under the 
designation ‘Lissatan PA’, was first prepared in the 
Association’s laboratories. 

Enzyme treatments have been used by the leather 
industry for many years for softening skins before 
tanning, and proteolytic enzymes have been used to a 
very limited extent for loo z hair in the pre-tan- 
ning treatments. Mr. K. G. E. Wyatt demonstrated 
current work by the Association on the proteolytic - 
treatment which, if it can be made practicable for 
full-scale operation, will have several operational — 







advantages over the customary treatment with milk- - 


of lime and sodium sulphide, for hair-loosening. In 
the Chemical Engineering Department, under Dr. 
F. E. Humphreys, investigations on drying leather — 
were displayed. The best drying conditions (air 
temperature, humidity and flow-rate) for combining 
fuel-economy and satisfactory leather characteristics 
have been worked out for the more important typeg 
of leather, and a simple drying tunnel with air re-cir- 
culation, suitable for most kinds of leather, has been 
devised. In many of the processes of leather manu- 
facture, accurate control of simple physico-chemical 
factors such as pH value, electrolyte concentration 
and temperature is desirable and the Department is 
studying methods for making the necessary measure- 
ments inside revolving drums ; continuous determina- 
tion of pH value of the liquid i in a drum was demon- 
strated. 

Following Procter’s application of the Gibbs- 
Donnan theory of membrane equilibrium to the 
gelatin/acid system, much work has been done by the 
Association and in other laboratories on the swelling 
of collagen in. water mostly by acid or alkali, but the 
addition of any electrolyte, one ion of which ean be 
fixed or adsorbed in the collagen phase, will set up a 
membrane equilibrium or modify an existing one. - 
An application of this was shown by Mr. E. F. 
Nattrass in the use of a polymeric phosphate, the 
anion of which combines with collagen, to control the 
swelling in acid pre- tanning treatment, so that the 
maximum practicable leather thickness is obtained ; 
but the swelling is kept below the level at which 
practical difficulties, such as retarded absorption of 
tanning agent, would occur. K. W. PEPPER 


REACTOR FUEL ELEMENT TECHNOLOGY 


COURSE of ten lectures in reactor fuel element 
: technology was given in the Department of 

Chemical Engineering at the Imperial College of 
Seience and Technology, London, during February 


ae ‘and March. The lecture series, which formed part 
of the postgraduate diploma course in nuclear 
technology (chemical), was designed to lay em- 


phasis on the industrial problems of reactor fuel 
_ element technology and to appeal to scientists and 
technologists interested in the metallurgical aspects 
of nuclear power development. All the lecturers, who 
were from the United Kingdom Atomic Energy 
Authority, were specialists in their subjects and spoke 
from personal experience about the problems inherent 
in fuel element manufacture. 

The course was arranged by the reader in nuclear 
technology (Mr. G. R. Hall) in collaboration with 
Mr. L. Grainger, chief metallurgist at the Atomic 
Energy Research Establishment, Harwell. 


Mr. Grainger gave the introductory and concluding 
lectures. He described various types of reactor fuel 
eloment, the qualitative requirements of a sabis- 
factory fuel element, and future developments in 
fuel element design and fabrication. In Mr. Grainger’s 
opinion, progress in fuel element performance was 
now the most vital factor in the economie utilization 
of nuclear power; experimental irradiations would 
determine the rate of advance for some years to 
come, — 

Dr. J. F. M. Bishop, deputy head of laboratories at 
Springfields, discussed the theoretical evaluation of a 
fuel element. He outlined the general methods of 
procedure, illustrated by examples, anddeseribed 
the effects of irradiation and other factors which 
require consideration. The first stage in the evalua- 
tion of a fuel element is to see if it will endure for 
the proposed charge life under the conditions of 
stress and temperature imposed. If so, the effects of 
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changes induced by irradiation are then considered in 
detail. During his second lecture, special attention 
was paid to ratcheting and irradiation creep. 

J. Harper, head of laboratories, Spring- 
fields, described the Springfields manufacturing 
process from ore to machined bars for Calder and 
Central Electricity Gene 
The emphasis was placed on the metallurgical stages 
in the process. He pointed out that the efficiency of 
slag/metal separation in uranium billet production is 
a major factor in the quality of a fuel rod. Each fuel 
rod has its case-history recorded on a punched card. 

. Mr. D. O. Pickman, deputy head of laboratories, 
Springfields, described the design and manufacture 
of Calder-type fuel elements, assembly and testing 
procedure, and out-of-pile. proving tests. In the 






course of his second lecture he reviewed performance 
experience’ in Calder and irradiation proving of 


Central Electricity Generating Board fuel elements. 
Qut of the 90,000 fuel elements loaded up to mid-July 
1959, only twenty-seven failures have been observed. 

Mr. L. M. Wyatt, late deputy head of laboratories, 
Culcheth, and now with the Central Electricity 
Generating Board, described fuel elements for the 
advanced gas-cooled reactor and fast reactors. He 
considered the design and expected performance of 
these uranium dioxide fuels with stainless steel, 
beryllium and other canning materials. The design 
of similar fuels for light water and/or heavy water- 
cooled and moderated reactors was also briefly 


ating Board fuel elements. | 
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referred to. In his second lecture, Mr. Wyatt 
described fast reactor fuels and, cans and expected 
operating conditions.. He concluded by briefly com- 
paring British, American and Russian fuel elements. 
Design drawings of the advanced gas-cooled reactor 
fuel elements aroused great interest. 

Mr. H. Lloyd, leader of the Fuel Element Fab- 
rication Group at Harwell, discussed the fabrication 
of Dido-type fuel elements including the Mark III 
version, and considered their application to power 
reactors. Possible variations and improvements in 
fuel materials and design were mentioned and com- 
parison was made with. similar American fuels. 
Although various power reactors employing plate- 
type fuel elements have been built in the United 
States, only design studies have so far been made in 
Great Britain. Mr. Lloyd displayed samples illus- 
trating various stages in the fabrication of the Dido 
fuel element, and these aroused much interest. 

The course was well attended and it was particu- 
larly pleasing to see about forty representatives from 
industry. Each of the lectures provoked a stimulating 
discussion. Although the lecturers would have liked 
to answer the questions put to them fully, they were 
occasionally prevented from doing so by commercial 
security regulations. “This applied mainly to ques- 
tions concerning throughput and costs. 

In view of the interest the lectures aroused, it is 
hoped to hold a similar series early in 1961. ee 

S. HARTLAND 





THE LEVERHULME TRUST 


REPORT FOR 1956—58 


HE third report of he Leverhulme Trust*, 

which covers the period 1956-58, in which commit- 
ments of £593,000 were undertaken, is the first of a 
series of triennial reports. Of this sum, 33 per cent 
was devoted to universities and centres of “higher 
education, 8 per cent to learned societies, 30 per cent 
to medical research and 12-5 per cent to grants to 
individual scholars. Of those to British universities, 
the largest grant, £30,000, was to Liverpool for 
fellowships in general research, mathematics, physics 
and town planning. The University of Manchester 
received £14,900 for research fellowships and student- 
ships at Jodrell Bank Experimental Station, Nuffield 
College, Oxford, £14,100 for a study of industrial rela- 
tions with particular reference to the history and 
problems of the trade union movement, collective 
bargaining, the appointment and responsibilities of 
shop stewards and so forth, and St. Antony’s College, 
Oxford, £12,500 for the study directed by Lord Ismay’s 
committee on the changes in the international 
status of the United Kingdom since the Second World 
War and of its position as a Colonial power. £6,000 
went to Birkbeck College, London, for research by 
Dr. N. Pevsner on the buildings of England, and 
£16,950 te the London School of Economics for 


miscellaneous scholarships and research awards: 


The University of Leeds received £7,500 for a research 
fellowship, scholarship and lectureship in the history 


_* The Leverhulme Trust. The Third Report of the Leverhulme 
Trustees. Pp, 55. (London: The Leverhulme Trust, 1959.) 





and philosophy of science ; the Institute of Common- 
wealth Studies, London, £6,000 for research fellowships 
in economic development in the Colonies; and the 
University College of Rhodesia and Nyasaland £28,000 
to finance inter-collegiate conferences. 

Of the grants to learned societies, research institu- 
tions, ete., those of £4,500 to the British Association 
for the Advancement of Science for an inquiry, 
under Sir Patrick Linstead’s direction, into the 
broadening of the education of those intending to 
become scientists and technologists, and of £8,400 to 
Political and Economic Planning for a study of the 
effects of economic planning on governments and 
administration may be mentioned; in nfedical 
research, the Royal College of Surgeons received 
£42,000 for research fellowships and scholarships in 
dental surgery; the Middlesex Hospital Medical 
School, £35,000 for scholarships at the Institute of 
Clinical Research ; the London School of Hygiene 
and Tropical Medicine, £14,000 for research in indus- 
trial medicine over four years ; the London College 
of Osteopathy, £12,500 for scholarships ; the Institute 
of Laryngology and Otology, £9,100 for research 
fellowships ; King’s College Hospital Medical School, 


University of Durham, £8,700 for a research fellow- 


ship and the Department of Education of the Deaf, 
University of Manchester, £2,000 for research in 
connexion with the design of hearing aids. St, 
Mary’s Hospital Medical School received £9,500 for 
biochemical research. 














No. 4730 


NATURE 





SICKLE-CELL ANAMIA 


NVESTIGATIONS into sickle-cell anemia in 
Nigerian children by R. G. Hendrickse, of 
University College, Ibadan, shows significant. dif- 
ferences from experiences recorded by American re- 
search workers (Central African Journal of Medicine, 
6. No. 2; February 1960). 
In Africa the age at onset of severe symptoms is 
4 arli ier; anæmia tends to be more severe; the in- 
ence of. splenomegaly is higher, and spleens seem 
y be larger; gross hepatomegaly and evidence of 
hepatic dysfunction generally occur at an earlier 
age ;. ‘limb swellings, especially those involving the 
fo “hands and feet, are common in the early years of 
life, whereas they are rarely reported by American 
authors ; radiological evidence of bone involvement 
is more frequent and the ultimate prognosis appears 
to be worse. 

These differences in general reflect the more rigorous 
conditions under which children live in Africa, but 
certain features of the disease may be attributed to 
specific environmental factors. Spleen sizes are 
probably related to endemic malaria, and the earlier 
“onset of liver dysfunction may be related to dietary 
protein deficiency. The characteristic swellings in 
— tl hands and feet of African infants may well result 
_ from the customary manner in which African mothers 
carry theire babies. The child is placed astride the 
mother’s back, its legs encircling her waist. | The 
position is maintained by a wrapper whick 4 
the child and is tied in front of the mother. In this 
position the child’s limbs are pinioned to the mother 
and subjected to steady pressure which probably 
“slightly impairs the peripheral circulation. Such 
s npairment, while of no consequence in normal 
children, may be sufficient in sickle-cell anaemia to 
provoke intravascular sickling in the extremities, 

* 
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Solar Furnace Glass 


O explore the suggestion that tektites are formed 
by fusion of terrestrial material we have fused 
some rock samples in a solar furnace. These samples 
were collected from the regions where tektites have 
been found in Texas and Georgia in the United States. 
The Texas sandstone was taken from a stratum in 
the Wellborn formation in which embedded tektites 
— tedly had been seen. The black top-soil was 
- taken from a location where tektites had been found 
in Grimes County, Texas. The Georgia sandstone 
was collected immediately below the top soil near a 
place where several tektites were discovered. 
The sediments were fused in the solar furnace of the 
U.S. Army Quartermaster and Engineering Center, 
Natick, Massachusetts', made available to us through 
the courtesy of Mr. Eugene 8. Cotton. At the time 
_ of the experiment, November 20, 1959, 1000 a.m., 
E S.T., the flux of energy at the focus was 83 calories 
em." sec.-!, as determined from the rise in tempera- 
ture of a blackened metal disk. Each specimen was 
placed in a graphite crucible in the form of a plug. 


with resultant capillary blockage and reactionary 
swelling. 
While differences in the « 
cell anzemia in Africa and America may be attributed 
to environmental factors, the apparent difference in 
the severity of the disease in different parts of Africa 
cannot be readily explained in the same way. Dif- _ 
ferences in the age incidence in the Belgian Congo 
and Nigeria are of particular interest. In the Belgian 
Congo more children show signs of the disease 
between the ages of three months and one year than 
at any other period. It has been shown that for 
infants in hyperendemic malarial areas., the mean» 
paragite-rate rises from about 2 per cent at three — 
months to 80 per cent at one year. In the Belgian 
Congo, therefore, it appears ‘that the period durin® 
which children acquire their first infection with 
malaria coincides with the age during which sickle- 
cell anzemia is most frequently diagnosed. This 
suggests that malaria should be considered as a 
possible factor determining the age at which sickle- 
cell anemia presents in the Belgian Congo. 









nical picture of sickle- 


some of the cases in the Belgian Congo were examples 
of primary malarial anemia in persons with the 
sickle-cell trait. The clinical and hematological 
findings in such cases can closely simulate those 
encountered in sickle-cell anemia. None of the cases 
reported from the Belgian Congo by the Lambotte- 
Legrandes was confirmed by electrophoretic studies 
of the hemoglobin. 

The apparent differences in the clinical manifesta- 
tions of sickle-cell anemia in different parts of Africa — 
merit closer study. There are no grounds at present 
for contending that these differences have a genetic 
basis, though this poe should be borne in mind. 


TE KTITES 


To ee the plug the material was crushed, mixed 
with water, moulded and then baked at a temperature 
of approximately 150° C. We added 5 per cent by 
weight of ferric oxide to samples 2 and 3. Sample 1 
weighed 100 gm., samples 2-5 weighed 50 gm. 

The exposure time of the samples varied from 59 
to 240 sec., the Georgia samples being heated for a 
longer period of time than those from Texas. Immedi- 
ately after the water-cooled shutter of the solar 
furnaces opened, vapour could be seen rising from 
the sediment, while the front surface of the material 
became himinous and reached white heat in approxi- 











Table 1 
Stee ae Tee : , 
l Ex- Weight | Weight) 
Sample | posure loss | glass | Fusion 
l (sec.) 4 per cent) | (Em) | (ergin) 
"| (1) Texas sandstone | 59 11-1 20-9 | 1-9x 10" 
(2) Texas sandstone 72 13-6 14-0 | 1-7 x 1G" 
(5) Texas topsoil 70 H& 10-2 2-83 x70 
i (3) Georgia sandstone 120 | 206 14-6 28x10% 
7 Georgia sandstone | 240 | 204 282 | 2-9 x 104 
i i Í ł 
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possible explanation of these age relationships*is that =- 
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mately 10 sec. Bubbling began after approximately 
20 sec. followed immediately by a forward slumping 
of the viscous material. In sample 1, where the glass 
was allowed to pour out of the radiation beam, the 
-drips stiffened and solidified within 2 or 3 sec. The 
-results.of the experiment are summarized in Table 1. 

It.can be seen that the Texas material decreased in 
weight by 12 per cent and the Georgia material by 
20 per cent owing to the vaporization of water and 
other constituents. The energy required to fuse 1 gm. 
of glass varied between 1-7 and 2-9 x 10" ergs 
gm.-', After fusion engh sample showed a glassy 
surface with large bubbles, underneath which was a 
hard porous layer. There was also a considerable 
quantity of soft, dry material that had not been fused. 
The specific gravity, of the glass droplets, including 
bubbles, from sample 1 was 1-980 gm.-*. The 
scoriacious layer was considerably lower in density ; 
but no measurements were made on this or the par- 
tially fused material. ~  — 

There is, of course, no definite temperature at which 
glass melts, and no definite latent heat of fusion. 
We may define the heat of fusion as the energy 
required to raise the temperature of 1 gm. of silica 
glass from 20° C. to 2,000° C., at which temperature 
the glass would be liquid and incandescent.. This heat 
of fusion may be estimated by extrapolating the tabu- 
lated values of specific heat* and performing an 
integration. We find the heat of fusion to be 2-1 x 
10° erg/gm. The values determined in the solar 

experiment are ten times higher, the difference 
being largely due to the losses of heat involved in the 
fusion process by radiation, conduction, convection 
and vaporization of material. Nevertheless the effect 
of heat of fusion as determined here is of con- 
siderable interest to any theory of the formation of 
tektites by external application of heat because it is 
the value one might expect when radiation and other 
heat losses occur. 

A photomicrograph (reduced to }) of a thin section 
of the solar furnace glass, taken with crossed polariza- 
tion at x 60, is shown in Fig. 1. The glass showed 
flow lines and bubbles, but we have, as yet, found no 
evidence for lechatelierite particles. Light was still 
transmitted through the specimen when viewed with 
crossed polarization, indicating that the solar furnace 
glass was under considerable strain. Texas and 
Philippine tektites, on the other hand, show extine- 
tion when viewed with crossed polarization. The 
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. 
tektite glass may have cooled more slowly than solar 
furnace glass, or may havo annealed at ordinary 
terrestrial temperatures over the long period of time 
that it had rested in the sediments. 

Taking the effective heat of fusion as 2 x 10" 
ergs/gm., one finds that approximately 5 min. must 
elapse before a sphere some 2 em. in diameter could 
be fused by passage through the upper atmosphere at 
a velocity of 10 km./sec. Single tektites could not be 
fused in the atmosphere, therefore, since an object 
of this size would decelerate in a matter of a few 
seconds. There is sufficient energy for tektites to 
form as drops from the surface of a much larger object, 
but glass objects have never been recovered from the 
590 stone falls already observed*. A meteorite with 
velocity of 20 km./sec. has a kinetic energy of 2 x 10" 
ergs/gm. Thus a meteorite of mass m striking the 
Moon would produce about 10 m (1 — 2) gm. of glass, 
where x is the fraction of energy dissipated in shock 
waves, crater formation and vaporization of the 
meteorite. A study of terrestrial craters shows that 
v is close to unity. Only a small quantity of glass 
would be produced on the Moon and only a portion 
of this would reach the Earth. Nor do the craters 
seem to be deep enough for the meteorite to have 
uncovered molten material below the Moon’s crust. 
It is more probable for an energy of 2 x 10" ergs/gm. 
to be supplied by terrestrial pheaomena such as 
volcanic activity or lightning. Po 

This work was made possible by a research grant 
from National Aeronautics and Space Administra- 
tion. 
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* Condon, ten and Odishaw, H., “Handbook of Physics” (McGraw- 


* Prior, G. T., and Hey, M. H., “Catalogue of Meteorites” (British 
Museum, London, 1953). 


High-Temperature Fusion of Possible 
Parent Materials for Tektites 


BAKER! has recently presented very strong ‘evi- 
dence for an extra-terrestrial origin for australites 
and, by implication, for all true tektites. Once an 
extra-terrestrial origin is established, then the local- 
ized distribution of. tektites (particularly the aus- 
tralites) is most readily explained if they have 
originated close to the Earth**, In these cireum- 
stances, the most likely origin for tektites is that they 
are portions of the Moon’s crust which were fused 
during large meteorite impacts and then ojected 
from the lunar surface to fall on the Earth‘, 

Certainly as far as their very young ages, most 
physical properties and terrestrial distributions are 
concerned, & lunar origin for tektites would seem to 
be preferred. However, the most serious stumblihg 
block to this theory? is the rather unusual com- 
position of tektites, which some authors consider 
shows that tektites are most likely to be fused 
sediments®. The most probable terrestrial sediment 
from which tektites might have formed is a shale, 
and if terrestrial-type shales are the only likely 
parent materials then a lunar origin would seem to 
be out of the question. On the other hand, other 
authors have shown that certain acid igneous 
(granitic) rocks could well have been suitable parent 
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materials for the formation of tektites’. In view of 
the strong possibility that igneous rocks of granitic 
composition may exist on the lunar surface, then a 
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= lunar origin for tektites would not be unlikely in 


these circumstances. Clearly it is extremely impor- 
tant to establish what rock types are suitable parent 
materials for tektites. 7 a ae : 


Although some types of terrestrial shaly sediments® 
and some types of acid igneous rocks* have com- 
positions similar to those of tektites, the composition 
of the average tektite shows considerable differences 
from both the average terrestrial shale and the 
average granite (Table 1), so that neither appears to 
be an entirely satisfactory parent material. Of 
- course, the assumption that a lunar granitic rock 


would have the same composition as the average 
>. granite found in the Earth’s crust at the present day 
is unlikely to be completely true since many terros- 

- trial granites are probably granitized sediments, and 


almost certainly all terrestrial granites have assimi- 
lated varying amounts of sedimentary and other 
rocks. However, if there is some material of granitic 
composition on the lunar surface, it would most 
likely have formed as a differentiation product during 
a partial or complete melting of the Moon. There is 
some geological evidence which suggests that the 
Earth’s primitive continental masses were composed 
Of granitic material formed during an early-stage 
_ partial or complete melting of the mantle, although 
nO uncontaminated samples of this material are 


available for comparison with tektites. In the search 


for possible parent material for tektites, another 
approach would be to compare possible lunar surface 
rocks with acid igneous rocks which are believed to 
form as the result of differentiation of more basic 
magmas in the Earth’s crust. In these cireumstances, 
perhaps, a suitable rock type would be the acid 
granophyres often found associated with basic 
magmas, and which many petrologists believe are 
-acid differentiates of these magmas, although some 
granophyres may be sedimentary and other rocks 
mobilized during intrusion of the magmas. Analyses 
of thirty-five acid granophyres from the available 
literature have been averaged in Table 1, and in 
many ways these rocks do appear to be more suitable 
“parents for tektites than the average granite, par- 
< ticularly in that the total iron content of the average 
granophyre is much closer to that of the average 
tektite. However, the datain Table 1 also indicate 
that the sodium monoxide and potassium monoxide 
contents of the granophyres are higher, and the 
calcium oxide and magnesium oxide contents lower, 
than that of the average tektite. 
In all comparisons of tektites with the various 





D | S ~~ possible parent materials, the tacit assumption has 
=o been made that the process of tektite formation has 


mple melting, so that both parent 
rould have the same overall com- 





-rock and tekti 


=O position. However, if tektites have, in fact, formed ~ 


at the site of large meteorite impacts then tem- 
peratures up to 100,000° C., far in excess of simple 
melting temperatures, have operated over consider- 
able areas around the impact site'®. Under these 
conditions it would seem likely that selective 
volatilization of certain elements could have taken 
place during the formation of tektite glass, so that 
parent rock may well have had a composition 
significantly different from that of the tektite glass. 
It is reasonable to assume that tho relative volatilities 
of the elements during the formation of tektites would 
correspond to the boiling points of their normal 
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reaction with an enclosing crucible. 
‘sample chosen was collected at Fenton, Northern 
‘Yerritory, Australia, crushed to -—100 mesh and 


Table 1. AVERAGE COMPOSITION OF TEKTITES, TERRESTRIAL SHADES, 


GRANITES, AND ACID GRANOPHYRE DIFFERENTIATES OF- BASIO 


MAGMAS 










l = 
H |; JH IV 











| i i 

| | Average | Average | Average Average acid 

| tektite =| shale granite granophyre 

miaran cat inntnnsnnie ananin fn pam re 

| S10, 73-4 | 63-9 72- 

i ALO, | 12 4 i i7 gt 13 Q a" 
FeO, | 06 | 44 09 2-1 
FeO 4-4 2:7 1-7 19 
MgO 2-1 2-7 0-5 0-4 
CaO 2-5 l 3:4 1-3 12 
Na,O 1-3 i 1-4 31 3:4 
K,O 2-3 36 5-4 4-2 
TiO», 0-9 0-7 0-4 Q4 
P.O, os 0-2 0-2 O-1 
MnO et tr 0-1 0-1 


I, average composition of 62 tektites calculated from data collected 
by Barnes (ref. 7). l l 

Tl, average composition of 78 terrestrial shales, recalculated on a 
water and carbon dioxide free basis from Clarke (ref. 8), 

ILI, average composition of 72 calc-alkaline granites (ref. 9). 2 

1V, average composition of 35 acid granophyre differentiates of 
basic magmas calculated from published, analyses. oe 


oxides, or, where boiling points are not available, 
can be ‘interpolated from their melting points. 
Consequently, the order of volatility of the major 
constituents of tektites might be expected tobe 
approximately magnesium oxide, calcium oxide < 
alumina < silica, ferrous oxide < sodium monoxide, 


potassium monoxide, so that it might be predicted’ a 
that tektite glass would be impoverished in“sodium’ - 


monoxide and potassium monoxide, and enriched in 
magnesium oxide, calcium oxide and possibly also 
alumina relative to the parent rock. If the concen- 
trations of the major elements have changed in this 
way during the formation of tektites, then the data 
in Table 1 indicate that although the average shale 
is not a suitable parent material for tektites, the acid 
igneous rocks could perhaps be converted into tektite 
material. i = 
To establish whether high-temperature fusion of 
granitic rocks would form: glasses the compositions 
of which were changed: in, this way, a powdered 
granite was subjected to.a series of fusions in a solar 
furnace at temperatures within the range 1,500- 
3,000° C. A solar furnace was chosen for the experi- 
ments because it provides relatively high tempera- 
tures simply, quickly and cheaply and with no 
possibility that the melts could be contaminated by 
The granite 


placed in & large porcelain crucible at the focus of a 
solar furnace which was situated in the grounds of 
the University of New South Wales at Broken Hill, 
New South Wales. Only a small, centrally situated 


- area of the surface of the granite sample was fused 


during each run, and in this way small glassy buttons, 


3 em. across, 0-8 cm. deep, and weighing about 


13°gm., were formed. 

The first glassy buttons formed by melting the 
original granite sample (melting stage 1) were found 
to contain a considerable amount of unmelted 
material. To ensure complete melting, a number of 
melting stage 1 buttons were prepared from the 
powdered granite, and then these buttons were 









crushed and their powder used to form a further | 2 


series of buttons (stage 2). 
complete rock analysis was kept of each melting. 
stage and the process was continued until samples at 
each of five stages of melting were prepared, after 
which no material was available for further heating. 
Careful analyses were carried out by A. J. Easton on 
samples of the original granite and glass from 


Enough material for a — UTA 


- “directions established in these experiments. 





melting stages 3, 4 and 5, but since only small 
amounts of material were available for analysis, only 
single determinations of each constituent could be 
made. The uncertainty of a single determination of 
any constituent is given by the relative deviation of 
that constituent calculated for the particular analyti- 
cal method used. These data had previously been 
determined for each constituent from replicate analy- 
ses of a standard granitic rock (for example, silica, 0-2 
per cent relative deviation ; alumina, 1-4 per cent ; 


~ a ferrous oxide, 0-6 per cent ; magnesium oxide, 3-3 per 


cent ; calcium oxide, 3-1 per cont; sodium monoxido, 
C-7 per eent; potassium monoxide, 2:0 per cent). 
On the basis. of these uncertainties the results of the 
analyses of the granite and the glasses (Table 2) are 
strong evidence for the progressive loss of sodium 
monoxide and potassium monoxide, relative enrich- 
ment in magnesium oxide, calcium oxide and 
alumina, and little change in silica and ferrous oxide 
during progressive ‘high-temperature meltings of 
granitic rock. The elemental fractionations observed 
in these experimenta have taken place at terñperatures 
„of only about 2,000° C. so that at the aite of meteorite 
impacts where temperatures up to 100,000° C. have 
operated there is ample opportunity for extensive 
fractionation of the constituent elements in the 
; I may 
© be concluded that rocks of general granitic com- 
position, and particularly the acid granophyre 
differentiates of basic magmas, are suitable parent 
materials for tektites if they have formed at relatively 
high temperatures at, the site of meteorite impacts. 
This conclusion is not.at.all inconsistent with a lunar 
origin for tektites.. 

These experiments, together with new data on the 
distribution of certain trace-elements in tektites, will 
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Table 2. CHANGE IN COMPOSITION OF GLASSES FORMED BY THE 
PROGRESSIVE HIGH-TEMPERATURE FUSION OF A GRANITIC Rock * 
i e | 
| Granite | Glass 
| (Fenton, Gaerne E went 
Northern Stage 3 | Stage 4 Stage 5 
| ‘erritory, Melting | Melting Melting (partial | 
Australia) | FE | analysis} | 
sios | 75-06 | 7577 | mags | — 
AlO; | +1252 1307 | 13-23 —— 
FeO 2'27 2-21 2°22 2°23 
MgO 0:63 | 0-70 0-88 ~— 
Cad 0-74 0-79 0:79 oon 
1 NasO 2-10 i 2-00 1°99 1-04 
| K,0 | 5:38 | Sti D05 5:05 
| TiO, | 0-24 0-25 0-25 0-26 
| P.O, | 0-07 | 0-10 0-11 015 
| < 0-005 | < 0-005 < 0-005 < 0-005 
t t 


| P.O, 
| MnO 











* All analyses reeaiculated on a water-free basis and total iron 
recalculated as ferrous-oxide. Analyst, A. J. Easton. 


be discussed at greater length in a paper to be pub- 
lished elsewhere. The solar furnace fusions were very 
kindly carried out by A. Segal, and the co-operation 
of Prof. C. J. Milner, University of New South Wales, 
is gratefully acknowledged in making the furnace 


available for these experiments. 


J. F. Lovering 


Department of Geophysics, 
Australian National University, 
Canberra. 
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POLYINOSINIC PLUS POLYCYTIDYLIC ACID: 
A CRYSTALLINE POLYNUCLEOTIDE COMPLEX 


By DR DAVID R. DAVIES 


National Institute of Mental Health, Bethesda, Maryland < a 


 ECENT investigations by Doty et al! have 
. demonstrated the existence of secondary struc- 
ies within the ribon eie acid molecule in solution. 







Although it seems evident that the secondary stiic: 





ture is the result of hydrogen bonding betv 
bases, the structural arrangement of the molecule i is 
not known. X-ray diffraction studies on a variety of 


natural ribonucleic acids were carried out by Rich © 


and Watson’. Although the. diffraction patterns 
obtained were poorly oriented, they were essentially 
the same regardless of the source of the ribonucleic 
acid, and were identified as characteristic of ] lical 





: nis “produced by the. same ascondary mie 
ho as observed in solution. 
“The synthetic polyribonucleotides; 


been shown to interact in oon to form a L zd 
sheet poly (i + ve y 





polyinosinic © 


~ acid (poly I) and polycytidylic acid (poly C) have ~erystalline material is 35 








were found to resemble closely those of natural 
ribonucleic acid. The structure giving rise to these 


« patterns we shall call the B form of poly (I + ©). 


Extensive model building has failed to provite a 


> satisfactory explanation for this poly (I + ©) dif- 


fraction pattern, and it was felt that this was 
partly because of the poor orientation of the fibres, 
leading to uncertainties in the dimensions of the 
molecule. 

= Attempts have therefore been made to obtain 
better diffraction patterns of this complex, and in 
the course of this investigation fibres were, obtained 
which exhibited a new type of pattern (Fig. 1). This 
differs from the B pattern in that the molecules are 
now packed in a crystalline array with somewhat 
different spacings. 


dimensions consist of a translation of 3-0 A. „and a 
rotation of 31°. This crystalline form we shall 
the A form of poly (I + C). 





The layer-line spacing for the ` o 
„ and the unit screw ` 
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Fig. 1. X-ray diffraction photograph of the A form of poly (I+C). 
The fibre is tilted éo show more clearly the upper layer lines on 
and near the meridian 

© 


Poly I was polymerized with polynucleotide phos- 
phorylase isolated by methods previously described‘. 
It was dialysed successively against 0-01 M versene 
at pH 7-0, 0-01 M sodium chloride, and ion-free dis- 
tilled water. Poly C was a gift from Dr. Leon Heppel. 
It had been dialysed against distilled water. 

The polymers were dried and weighed. 3:0 mgm. 
of poly C and 3-3 mgm. of poly I were then dissolved 
in 1 ml. of 0-01 M sodium cacodylate buffer at 
pH 6:7. They were mixed thoroughly and the 
solution lyophilized. Fibres were then pulled from 
small amounts of the lyophilized material dissolved 
in distilled water. Examination of these fibres (of 
thickness around 0-1 mm.) showed them to be highly 
negatively birefringent with An < —0-05. 

X-ray diffraction photographs of these fibres were 
taken in a closed fibre camera with specimen to film 
distances of 3-0 and 4-0 cm. Helium was blown 
through the camera to reduce the amount of scattered 
radiation, and the relative humidity of the helium 
was controlled by passing i + through a gas dis- 
persion tube placed in a saturated salt solution. 

Model building studies indicate that this crystalline 
diffraction pattern (Fig. 1) can best be interpreted in 
term# of a deoxyribonucleic acid-like structure. The 
complex formed is a two-stranded helical structure 
with the ribose phosphate backbones of the two 
strands running in opposite directions as in the 
Watson and Crick structure of deoxyribonucleic 
acid’. The hypoxanthine bases of one strand form 
two hydrogen bonds with the cytosines of the 
opposite strand (Fig. 2) compared with three between 
the guanine-cytosine pair of deoxyribonucleic acid. 

The intense non-meridional layer lines with spacings 
between 3 and 4 A. suggest that the bases are not 
perpendicular to the fibre axis, but are tipped at an 
angle of about 7° to the horizontal. This amount of 
tipping would still enable the fibre to possess strong 
negative birefringence. 

A peculiar feature of the diffraction pattern is the 
absence of strong intensity close to the meridian on 
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Fig. 2. The arrangement of the bases for the A form of poly (I +0) 


the second and third layer lines. This may be 
tentatively accounted for by the presence of sodium 
cacodylate in the fibres. The strongly scattering 
cacodylate ion placed regularly in the crystal lattice 
can account for the obseryed absence of strog 
intensity. This region of the diffraction pattern is 
very sensitive to the ionic content of the fibre. If 
magnesium chloride is allowed to diffuse into the. 
fibre the main features of the diffraction pattern are 
retained, but the near meridional region of the second 


layer line now becomes strong relative to the first — 
layer line, giving an intensity distribution on the — 
first three layer lines which is very similar to that — 


observed for the A form of deoxyribonucleic acid. 
Fibres of deoxyribonucleic acid show a reversible 
humidity-controlled transition from the A to the B 
form. Since it was suspected that the A and B forms 
of poly (I + C) bore a similar relation to each other 
as the A and B forms of deoxyribonucleic acid, 
attempts were made to obtain such a transition from 
the crystalline poly (I + C) fibres. However, over 
the range of 20-90 per cent relative humidity there 
was no major difference in the diffraction pattern. 
At 98 per cent relative humidity the fibres dissolved 
and at 0 per cent relative humidity the pattern 
became amorphous, but could be changed back to 
the crystalline A form on raising the humidity. 
However, from poorly oriented fibres it was possible 
to obtain a non-crystalline pattern which was similar 
in many respects to the B pattern. The innermost 
regions of these patterns were weak in intensity, and -~ 
this again might be due to the presence of sodium 
cacodylate. Well-oriented fibres inevitably crystal- 


The fact that the A and B forms may be found in 
fibres pulled under almost identical conditions sug- 
gests that the B form of poly (I + C) (and therefore, 
presumably, the helical regions of ribonucleic acid) 


“may have the same configuration of the base pairs as 


the A form. However, direct evidence for the struc- 
ture of the B form is not at present available and 
will have to await the production of better X-ray 


fibre patterns of this form. Further investigations 


are now being carried out to establish reproducible 
conditions for the production of the two forms of 
poly (I + C). 

I wish to thank Dr. Leon Heppel for the gift of 
some poly C. I am also indebted to Drs. F. H. C. 
Crick and Martin Gellert for many stimulating dis- 
cussions and suggestions. 

g Doty, P., Boedtker, H., Fresco, J. R., Haselkorn, R., and Litt, M., 

Proc. U.S. Nat. Acad. Sci., 45, 482 (1959). 
and Watson, J. D., Proc. U.S. Nat. Acad, Sci., 40, 759 
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n methods, has a half- life at room 


nn chloroacetophenone, ferrous or 
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A NEW TYPE OF AUTOXIDATION REACTION 


Cause of the Instability of Cytochrome c 
Reductase 


HE majority of flavoprotein enzymes are reason- 

ab ble; two, however, show an exceptional 
degree of instability, which makes their purification 
and study difficult. Bach, Dixon and Zerfas' found 
that the lactate dehydrogenase of yeast was so highly 
unstable as to prevent them from completing its 
purification, although Appleby and Morton? later 
sticceeded in erystallizing it. The cytochrome c 
reductase of heart musele.is likewise very unstable, 
as has been noted by a number of workers since 
its: first isolation by Mahler, Sar kar, Vor non and 
Alberty?. 


We have investigated the cause of iho instability 














< . of the cytochrome reductase of pig heart. Simultane- 


ously and independently; Prof. Morton et al. have 
studied the instability of the yeast lactate dehydro- 
genase, as reported in the following communication. 
- It will be seen that the instability of both enzymes is 
due to the same cause, namely, a new type of autoxida- 
tion of the flavoprotein. 

We find that cytochr ome 
reductase, either in crude. ex 
tract or purified by the: method 
-of Mahler et al2 or by other 100 i 





temperature of about 5 hr., and 
even at 0° it is markedly s 
unstable. In unsuecessful at- 
tempts to stabilize the enzyme 
we have tested the. effect .of 
adding a considerable number 
of substances which are known 
“to stabilize other enzymes, or 
< which for various reasons might 
have been, set ee to prevent 


Activity (per cent of original) 









the inactivation. Albumin, z 
glycerol, sucrose, _ histidine, ees 
_ glutathione, catalas y < cyto- 0 
chrome c, reduced. coenzyme I, 

ag cyanide, . Versene, | 

ammonium ê 





ns, koo ero., 





i e ao farin 


mth alec resallang | in an 

ible . inactivation with release of the. 
om the protein. Removal of oxygen. 
e stable: ifa solution of the enz 











t t-tube. and the other in an evacuated Thunbg 
ube, and both are kept at 0° for 4 days, the former 
~ found to be inactive while the latter suffers nò loss 
activity. The inactivation in the presence of © 
is d he by the i hae of the tyka] 










755 mm. Oxygen 
bi 


50 100 
| (he, ) | a 
(a) (b) 










o two portions, one is placed in an opon 










fluorescence of free flavin and under certain conditions, 
with strong solutions of purified enzyme, by the forma- 
tion of a white protein precipitate. 

Fig. la shows a series of inactivation curves with 
different oxygen pressures ab 0°, from which it is 


clear that the rate of inactivation is proportional toco a 


the oxygen pressure (Fig. 1b). Fig. 2 shows the 
dependence on temperature, with a constant oxygen 
pressure (air); the Q,, is about 2-5, showing that the 


inactivation is not due simply to denaturation of the Pa 


enzyme. | 

The results supgest that the protein part of the 
enzyme contains some autoxidizable group which is 
connected with the binding of the prosthetic flavin 
group, that this group exists in the reduced form in the 
intact enzyme, but that when the group becomes 
oxidized by oxygen the protein can no longer bind 
the flavin. The state of oxidatiog of the flavin 
group itself seems to be immaterial ; the inactivation 


occurs at about the same rate in the presence $f °. 


reduced coenzyme I (which would keep the flavin 
reduced) as in the presence of cytochrome ¢ (which 
would keep it oxidized). 


0 mim Oxygen 


40 


a 


pT 


e 


14 min Oayger, 


20 


75 min Oxygen 


150 mm Osygen 


Initial destruction-rate (per cent/5 br.) 





200 400 600 800 
: Oxygen (mm.) 





Fig. la and be. Effect of oxygen pressure 2 ae of inactivation of cytochrome reductase 
sae aes int a > Fn ‘ 


The nature of the Sitoxidizable group remains 
determined. -—-SH groups come to mind, but such 
Oupsin other proteins are not nearly so sensitive 


to oxygen; moreover the addition of glutathiore 
(which should keep —SH groups reduced) fails to 
* stabilize the enzyme. 
iton, which might catalyse the autoxidation of —-SH 


The enzyme contains some 


groups, but if so cyanide, versene or dipyridy] 


would be expected to inhibit the inactivation, which 
, is not the case. 
: «measured during the inactivation, but this was to: be 
' expected. 
“required per molecule of enzyme (m.w. 


No uptake of oxygen could be 


Assuming that 1 atom of oxygen is — 
6,000, 
with 1 flavin group per molecule), as much, a8 
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z 
5 mgm. of the pure enzyme would take up less than 
l gl. oxygen. - 

The inactivation is not due to the destruction of a 
~ factor which is necessary only for the reduction of 
©- eytochrome ¢; in other words, it is not. merely a 
is conversion of cytochrome. reductase int iaphorase 
=T as suggested by Mahlerfas a possible origin of 
diaphorase. All activity of cytochrome reductase 
_ (including its diaphorase activity) disappears in air, 

while that of diaphorase itself (which has no cyto- 
chrome ire activity) is quite unaffected, as 
hown in Table 1: The instability of cytochrome 

cta » eds. oxygen contrasts markedly with 
> flavoprotein diaphorase, obtained 
110, which suffers no loss of activity 
| ‘to 4 atmospheres of oxygen for some 
a ‘at 38° (ref. 5). 















“°°. Table 1. COMPARISON OF STABILITIES oF D 


CHROME REDUCTASE O 
a (Activities in arbitrary units)” 
 Pime of 
standing in Diaphorase Cytochrome reductase 
air at room tested with tested with 
temperature indophenol cytochromee indophenol cytochrome e 
0 80 0 725 540 
18 hr. 80 ğ ü 0 


+ 


eA addition to the inactivation by oxygen described 


“above, cytochrome reductase is also inactivated by 


light, and for this oxygen is not required. Even the 
ordinary lighting conditions of the bench are sufficient 
to bring about appreciable inactivation. In all the 
above experiments the enzyme solutions were kept in 


< darkness. 
100 
a : 
z k>} w £ 4° r 
= o 17° 
Meg = 
3 | 2" 5 
c8 o Š 
E 50 30° at 
fame : G one 
7 b e 
. 5 
pe 






“oxygen ae different temperatu 


It is possible that the inactivation of cytochrom 


; | reductase by oxygen may be important in connexion” : 
<= with the ‘oxygen poisoning’ produced by breathing ` 
oxygen at pressures exceeding 1 atmosphere, which 








has been ascribed to damage to the respiratory system 
xf the tissues. Dickens? studied the stability t 

oxygen of several respiratory enzymes, the most 
| 6 proving to he the succinate dehydrogenase 


‘This, however, is far less sensitive than 


NATURE 


ORASH AND CYTO- | 


If-life of 3 hr. at 38° with 1 atmosphere - pi 
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cytochrome reductase, which has a half-life of only 
6 min. at this temperature and pressure of oxygen: | 


_ MALCOLM Dixon 
” J. M. MAYNARD 
P. F. W. Morrow 


Department of Biochemistry, 
University of Cambridge. 
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Flavin Dissociation and. Inactivation, o 











CYTOCHROME b the Tf: 4 lactate dehydrogenase of 
baker’s yeastt, is.rapidly inactivated in the presence. 
of airt. The inactivation occurs in the presence of 
substrate, and also with added hydrogen peroxide, © 
and is decreased when, catalase'is added?,*, 





cytochrome 6, (ref. 5). Cytochrome b, is inactiva 


by cupric ion and by the sulphydryl reagent p-chloro-. 


Ra 


mercuribenzoate, as well as by oxygen?, 
these reagents, the enzyme becomes fluorescent. 
fully active enzyme, which contains both riboflavin 
phosphate and protoher as ‘prosthetic groups, is not 
fluorescent,3,4,. The inactivation caused by oxygen. — 
or by cupric ion is apparently irreversible. Neither 
monoiodoacetate (10°* M): nor | 
iodoacetamide (10-? M)" causes 
any substantial: bpiscaisaaie 3 








Eo that the flavin of 


enzyme by @ sulphydryl group ~ 
of the protein, and that this- 
‘masked’ group does not react 
with iodoacetate or iodoacet- 
amide?4, The following obser- 
vations give further support to ~ 
i thesis and suggest 
xctivation by oxygen 
to rapid oxidation . 
tein, thiol groups to 
form disulphide bonds. Un- 
less otherwise specified, solu- 
tions were. ihn cae bia 













“ig. or; 5 
olarity of dissolved 





E of ere “of this gas. mo 
ofo oxygen were probably 





present. E 
C roaroa ba sedimented i in the bask anal vt 


be odberg units fests erent were observed 
above. 





in addition to ‘the component menti 














_ Hydros o 
gen peroxide is not formed in any large ‘amounts: 
during short-term aerobic oxidation of lactate: Foe 


cytochrome. b, is bound to the ` 
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this has not yet been established 
with certainty. There are approx- 
imately 18 half-cystine residues/ 
mole of hem in cytochrome b, (ref. 
8). 

Other workers have recently 
shown that the flavin adenine 
dinucleotide prosthetic group of 
D-amino-acid oxidase is bound by 
its flavin to the protein via a 
sulphydryl group’. In this case, 
however, there is also bonding 
between the protein and the adenine 
portion of flavin adenine dinucleo- 
tide. As compared with the few 
known flavoproteins having ribo- 
flavin phosphate as the prosthetic 
group, many of the flavoproteins 
containing flavin adenine dinucleo- 
tide are rather stable and resist 
dissociation of their flavin prosthe- 
tic group. 

Since the apoprotein of D-amino- 
acid oxidase is fairly readily reac- 
tivated by flavin adenine dinucleo- 
tide, it is possible that the oxidation 
of unmasked sulphydryl groups to 
disulphide bonds is prevented by 
steric effects. Theorell™ suggest®d 
that the riboflavin phosphate of old 
yellow enzyme of yeast was bound 
to the apoprotein by a hydrogen 


Fig. 1, Sedimentation behaviour of cytochrome bs. Recrystallized cytochrome b, (0-4 to 
l x10 M hem) in 0-3 M sodium lactate, 0-05 M tetra-sodium-pyrophosphate ; 
ethylene diamine tetra acetate, 10 M: adjusted to pH 6°8 with hydrochloric acid ; 
ionic strength, 0-63; temperature, 2°-6" C. A, Under anaerobic conditions; B, the 
same preparation after brief exposure to air: C, preparation treated with 1 x 10-* M 
p-chloromefeuriphenylsulphonate and then exposed briefly to air; D, preparation 
exposed briefly to air and then p-chloromercuriphenylsulphonate (1 x 107* M) added. 
The photographs were not taken at equivalent times of centrifugation 


bond involving the isoalloxazine 
nucleus and a tyrosine residue of 
the protein. In this enzyme no 
sulphydryl group was detected. 
The requirement of a p-chloromer- 
curibenzoate-sensitive thiol group 


The supernatant was yellow and had a characteristic 
flavin fluorescence (Fig. 1). 

The addition of p-chloromercuriphenylsulphonate 
at about 10-* M to a freshly prepared solution of 
enzyme (approx. 0°7 x 10-* M hwm) résulted in the 
appearance of strong flavin fluorescence after about, 
20 min. The enzyme sedimented as a single com- 
ponent with approximately the same sedimentation 
coefficient as intact cytochrome b, at the same 
concentration, and the supernatant was yellow and 
strongly fluorescent. When the enzyme treated with 
p-chloromercuriphenylsulphonate was exposed to 
air no further sedimenting components were formed 
(Fig. 1). 

Treatment with N-ethyl maleimide (10-* M) for 
about 45 min. caused about 45 per cent inhibition of 
the lactate—ferricyanide reductase activity of cyto- 
chrome b, and a corresponding appearance of flavin 
fluorescence. 

It appears, therefore, that exposure of cytochrome 
b, to oxygen may cause a rapid dissociation of some 
of the riboflavin phosphate, accompanied by aggrega- 
tion of the protein. The dissociation of flavin and the 
prevention of aggregation by p-chloromercuriphenyl- 
sulphonate provide further evidence that the flavin 
is bound to the protein by sulphydryl group(s). The 
aggregation caused by air is attributed to the forma- 
tion of intermolecular disulphide bonds, with a con- 
comitant displacement of the flavin group. Although 
it seems highly likely that the intermolecular disul- 
phide bridge is formed by oxidation of sulphydryl 
groups previously masked by riboflavin phosphate, 


for enzymic activity has been 
reported for a number of other flavoproteins'.". 
One of us 4J. McD. A.) was supported by a Com- 
monwealth Scientific and Industrial Research Organ- 
ization senior post-graduate studentship during the 
course of this work. 
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ai . part of the universe 10° light years. away in the 
= < opposite direction, then, if the universe is static, 
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cOSM OLOGY 





We have to postulat that every. Mesy of. the 


universe interacts, directly or indirectly, ‘with évety 
other part. We are probably justified in assuming 
© that all fundamental interactions are propagated 

_ with the speed of light. It follows that we see all 
: other parts of the universe in the state in which they 
| : : 2 part of the universe now. There- 
ciple predict the immediate future 


A situation is quite different as regards any 
remote part P of the universe. We see no other part 
“of the universe in the state in which it influences P. 
- For example, if P is 10° light-years i 


whatever influence Q has on P when we observe P 
depends upon the state of Q at a time 2 x 10° years 
before Q was in the state in which we observe Q. But 
the universe is nob static, and so we know nothing 
: from observation about the stato of Q when Q 
influenced the state of P in which we observe P. 


s he universe a finite system, we could over- 
e oe ua vor E ure RoN, . observational surprises. 
come the situation by continuing our observations for 


a sufficiently long, but finite, [time and then making 
predictions for still later times. But we almost 
certainly have to regard the universe as unbounded. 
Therefore, even in principle, we cannot predict the 


NATURE 


-~ Measured by 1 
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significant, we seem to be driven to infer that the 
unavoidable uncertainty in any prediction about the 
part of the universe out to any particular distance is 
-+ z, where z is the cosmological red- 
shift-at that distance: (The usual definition is 1 + z 
= wave-length observed + wave-length emitted.) 





Now the difference baiween the predictions of 





evolutionary and steady-static cosmologies i is only in ee 


factors (1 + z), as was recently shown, licitly by 
P. S. Florides and met, Thus an immediate con- 
sequence: of the present view is that. the difference 
between these’theories:loses any meaning. In fact, 
all problemsconcerning the creation of matter as 
hitherto formulated ela to ies Apr 



















Following these. fe the ‘cosmological sarees 
would now assert that the universe as seen hy a . 
distant observer is like the universe as seen by. us’ 
only to within a factor of uncertainty (1 + z) in the 


descr ‘iption, 


ae ge 


Thus we should 2 asserting: alinpat ee 


distances (in space OF, time). 
cosmology that essentially leaves room. for endless 


of the ‘whole’ universe has already: been discovered, 
: | VW. H. McCrea 






ie Colleg os o | 


behaviour of a remote part of the universe with as Royal Holloway 3 
much assurance as we can predict that of a nearer (University of London), ~ ae 

. part. Englefield Green, ©" 3 ® 
- This reveals a v fontiine that ought to be built into sass hie ie Tie ER oe 
any satisfactory theory of cosmology. Moreover, it yF wey oe Be ro 


agrees completely with our intuitive notion that we 


2 — should be able to make predictions about sufficiently 
- “small parts of the universe, sufficiently near in space 


: and time, but that we should be able to do no more 


“than describe when we come to deal with regions sö 


large that the uniqueness of the universe becomes’ — 
relevant. ey 

It thus appears that ther 
cosmology, which may be sa 
the fact that the speed ó 
complementary to thea 







cor ainty in atomic physics, 








a ‘the quantum. aopn is not Zero. 





Limb surge 

















o Date i Time (0.%,) [Note J ie 
| | May 8,1959 | 6.58—(7.26)+-7.53—(8.02) : 5 eS i | ‘ 
oco |o May 13, 1959 8.56—9,01—{9.23) | 5 2. E 
CS |. May 13, 1959 (9.23)-—(9. 36)— 2 | 5 ; 
| June 9, ese | ~ 16.52 p | 5 4: 
July 10,1959 | (15.02)—15. i515, 30) ‘ | 1 pe 
| July 11,1959 |  12.47—12.48-—13.3 | 3 3 
Aug. 8, 1959 | 14,05 —14.09 +14. se? | | 1 | 





Eaa niente baile ee ree Hare menea 


? Florides, P, 8., and MoCrea, v. Hy 











n uncertainty n 
» be occasioned by é 
“not infinite, that is: 


which may. be said to be occasioned by the fact that“ a 


, f what has been said is s 
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P rivets 


“Solar Limb. ‘Surges accompanied by X-Ray : 


Emission 


olar“ flares!. The extra ionization of the 


, Th emitted from the disturbed solar rasion 


















[Reliability Reliability: “Note | 





"This provides a view. rof $ 


nhancements of atmospherics are: recorded k 


wer D region at these times is:brought about by 


| Tt séems more satisfactory : 
than the recent trend towards a belief that the nature. ~ 





















Second column : beginning (approximate)—maximum-—end o 
mospherics. Sixth column : degrees of reliability ; fifth. 
ents. 41) 231 Me./s. (Ondřejov), 200 Mc./s. (ref. 5): By 
dela: (ref. 5); 2, siti ‘Me,/s, (ref. 4), 1,500 Mejs, (ref. 6), 


Fourth column ` ‘beginning—maximum—end of sudden. enhatice- eo 
iabilitv. Seventh column: notes refer to eventual accompany- 

); (3) 536° Me./s. (073 (4) 69,760 Me./s. (ref. 4), 9,400- Mejs, 
f. Ba 200 ae ie. ean 5); (5) 808 Me. = (0); (6) 200 Mels. 
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-of aidan E ETP of atmospherics with surge 













- appearances? ‘Projected on the disk the surges are, 
as a rule ected with some bright H, event in 
the unde chromosphere (flare, plage brighten- 
ing). We selected from our observations only those 
limb surges the disturbed underlying chromospheric | 
region ch was behind the limb on the back side: 


on the ‘Sun, in order to eliminate ambiguity. The 


© list of the remaining limb surges accompanied by 


» sudden enhancements of atmospherics and eventually 
by radio radiation is given in Table 1. 

We conelude that the sudden enhancements of 
atmospheric “accompany it ing.the limb surges could be 
interpreted as X-ray radiation emitted by the 
adjacent ay of the solar corona. 






J. Kame 
p a a tee L. Kkrvsxy 
Astronomical Institute, 





Ondřejov; ~ 
Czechoslovakia: ` 
; Feb. 19. ; 
4 Bilison, M. A., J. Brit, Astro. Assoc., 69, 127 (1959). 


% Friedman, H., Joint Discussion on Astro. Observations by Artificial 
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è Solar Geophysical Data, Netherlands PEP,- 
gepepolpepungeergobaliag, Heinrich-Hertz-Institut. 


Rocket and Satellite Ohesrvatiom of the 


Solar Ultra-violet Spectrum 


THe Lyman lines of hydrogen, as well as the 
aperroronding lines“of He I and He II, are of interest 
both as tools for analysing the solar atmosphere and 
as energy, sources for the terrestrial ionosphere. So 
far, interest. in these lines has centred mainly around 
the Lyman-« lines because of their greater strongth. 

“Rocket and satellite programmes are under way 
for the continuous monitoring of the energy-flux 
“and the accurate determination of the profiles. of the 
Lyman-a lines. It is the purpose of this communication 





_ Parallel observations of the Lyman-f lines. _ 
“In the Doppler core of a line, the source-f 
$ 8, may be written in the form: z 


yB 
as=-% FE 
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From these limb surges we excluded. , leo | 
ling in time with some other H, event... 
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the ‘local’ con. att = 1 in the solar sees oe: 
For this reason, data for the Lyman-§ lines present 
a much stronger supplement to Lyman-a data than 
if the two lines behaved in the same way, and the 
analysis of one line will be greatly facilitated if data 
for the other li 3 bl 
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PHYSICS 


Silver -activated _ Nitrocellulose as Recording 
Material for X-Ray Microscopy 


ELECTRON optical enlargement of X-ray absorption © 
micrographs has been discussed by Pattee’ and 
Asunmaa’. A contact micrograph is recorded on a ~ 
thin layer of material sensitive to X-rays in which 
the absorbed radiation promotes physical or chemical 
changes that modify the areal electron density. For 
example, there may be a decomposifion resulting in 


, soluble products which are afterwards removed. 
A relief image with details of submicroscopie scale 


then shows an electron optical contrast. For electron 
optical enlargement of an X-ray absorption micro- 
graph (instead of a replica of it) certain conditions 
are necessary, particularly if the electron miero- 
graph is to reproduce the quantitative properties 
of the X-ray absorption images?. e 

Most film materials thin enough for recording ~ 
X-ray images with good resolution and suitable for 
use in transmission electron microscopy as specimens 
with so-called characteristic thickness are radio- 
graphically slow. Recording speed can be inereased 
by additional’ absorbents and by selection of radia- 
tion-induced reactions with considerable quantum 


yield. 
to direct attention to the unusual importance. of E 

ooo (inorganic crystals or organie degradative dyes in 
n Zalkaline or acidic media) meets the requirements for 
recording speed and has been found to possess other 
= suitable properties such as reduced sensitivity after 


Nitrocellulose activated by a radiation trap 


development of the X-ray record. The irradiated 


A D areas of the film are efficiently destroyed, because 


of the sensitivity of the 8-glucosidic bond of cellulose. 


to ultra-violet and X-ray energy, and because of these 


a, autocatalytic degradation of the celhilose nitrate, 





Lyman- 3 lines (38)-1 as 2. Thus, th 

near the centres. of the Lyman-« Lines’ aed influon 
by the temperature structure throughout a- 
range in +, whereas the intetigities near the. ce 
of the ten lines are deter mined primaril yb 








rö which is accelor ated by radiation, to form products 
of low ds 





; ae X-ray absorption by the polymer is favoured, 


in a so- -called Goldberg emulsion, known wll its fine 5 










molecular woight through depolymerization; 
ration and hy drolytic degradation. A subsequeér 
onated extraction removes the main part of the 
dation products from the polymer matrix and 
-small molecules diffuse readily in the solvated 











by the uniform distribution of compounds sensitive 
to radiation, namely, tetrazolium chloride in previous 
experiments’, or submicroseopic silver halide crystals- 





i a nitrocellulose component. ` 3 : Pn 


toa emulsion was A by mixi i 
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. 
nitrocellulose (10:8-12-2 per cent nitrogen) in a 
mixture of ethanol and ether. Uniform films, about 
1000 A. thick, were cast and irradi&ted on a glass 
surface under atmospheric conditions as well as in 
high vacuum through test objects in direct contact 
with the recording film. The X-rays originated in 
a 10-30-p focal spot 2 mm, from the recording 
material in a microfocus X-ray tube or from an 
electron beam (‘Hitachi HU-10°) using its diffraction 
stage as target holder and 20 kV. acceleration. 
Exposures ranging from 10 min. to 1 hr. were used, 
dependent on the spectrum and intensity of the 
X-rays. Mainly aluminium K and nickel L radiation 
were used. 

Radiolytically reduced metallic silver gave a 
direct visible image, but this optical contrast does 
ag correspond to differences in electron scattering. 

e electron optical contrast was produced by treat- 
ment of the film with a 2 per cent solution of sodium 
cyanide in 20 per cent methanol. The silver and the 
silver salts were removed as water-soluble cyanide 
- eomplex compounds. Lithium chloride and the main 
fraction of the degradation products were dissolved 
‘away through the methanol-swollen film. The re- 
maining solvent-resistant polymer produced a relief 
image with differences in mass thicknesses. This 
relief film was less sensitive to subsequent electron 
bombardment than the corresponding image recorded 
@i pure nitrocellulose. 

The X-ray records were magnified in an electron 
microscope using a low-intensity 50-kV. or a 30-kV. 
electron beam (‘Hitachi HU-10’). The rendering of 
the edges of the X-ray records of metallic objects 
(bars of a 1,500/in. silver grid) and of silica diatoms 
was fairly sharp in the electron micrographs (Figs. 
l and 2), showing that the X-ray effect was well 
confined on film areas receiving radiation. An energy 
transfer along a polymer chain to its most sensitive 
links thus did not limit the resolution. Gradations 
of photographic density in Fig. 2 correspond to 
graduated X-ray dosage ; this makes X-ray absorp- 
tiometry possible, if suitable calibr&ition can be 
employed. Fig. 3 shows an electron optical enlarge- 
ment of an X-ray absorption micrograph of one 
diatom hole. The submicroscopic net bars, respect- 
ively about 600A. and 300 


600 A. is obviously attained. These dimensions-are 
still more than one order of magnitude larger than 
the electron optical resolving power applied, and the 
net bar images therefore are suitable for the study 
of scattering contrasts (Streuabsorption®). 





Fig. 1. Electron optical enlargement of an X-ray absorption 
micrograph of a 1,500/in. silver f aag Over-exposed to X-rays, 


supporting roken 
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A. wide (as illustrated — 
in Fig. 4), are resolved, so a resolution better than- 


| r 





Big. 2. Electron optical enlargement (x 1,600) of an X-ray 
absorption micrograph of a pee of a diatom. Note the graduated 
X-ray effect 
Fig. 3. Electron optical enlargement (x 19,000) of an X-ray 
absorption micrograph of a one encore net in the hole of a 
atom 
Fig. 4. Electron micrograph (x 6,400) of submicroscopie nef 
structures in diatom holes 


The acceleration of the -irradiation-induced. re- 
action by the inorganie components is probably 
produced by photoelectrons and by re-radiation when 
silver ions trap electrons which have been liberated 
by X-ray absorption. Since oxidation is negligible, 
the method can be applied to irradiation in air as 
well as in high vacuum. The reduced sensitivity to 
radiation of the final record is probably produced by 
an initial overall polymerization during the induction 
period of the main irradiation reaction. There has 
been no attempt to measure the submicroscopic 
distortion which ‘development’ and irradiation pro- 
cesses may cause in the dimensions of the record. 
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Intrinsic Recombination Radiation in 
Diamond 


DETAILED observations have been recently reported 
of radiation emission in germanium and silicon, which 
has been interpreted in terms of exciton recombina- 
tion with emission and absorption of phonons’, In 
view of the similarities between these substances and 
diamond, it is of interest to look for analogous emission 
in the latter. 

The. visible luminescence spectrum of diamond 
consists mainly of a broad blue band, having its 
maximum at about 4400 A. (2-8 eV.) and a complex, 
green-red system. The distribution of energy between 
these two regions depends markedly on the speci- 
men, and the emission is thought to be connected with 
vacancies and substitutional impurities. Recent ultra- 
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Spectrum. of ‘intrinsic “rvombination radiation from 
w. diamond, i 


violet absorption measurements? indicate that the 
` threshold energy for indirect transitions. between the 
_ Nalence and conduction bands -is approximately 
» #4 eV. at room temperature. This is: some five 
times greater than the energy-gap for siliéon, and it. 
is to be expected that intrinsic radiative recombina- 
„tion will be an improbable process when compared 
with:recombination. via the centres mentioned above#. 

We have observed ultra-violet emission from a 


ATURE 


strongly blue-luminescent..diamond which showed: 


weak, ultra-violet .transthission up to a quantum 
energy of 5-50 eV. The luminescence was stimulated 


by direct carrier injection; using an ‘alternating — 


_ potential of 150 ‘volts at 50 c./s. applied between 

electrodes of colloidal graphite painted on to opposite 
faces of the crystal, which were 1-5 mm: apart. The 
diamond was mounted directly over the entrance slit 
of a Hilger medium quartz spectrometer, The 








ie spectrometer slit, and it is presumed: : 
a-violet. emission also originated at this point. 





i the 


Unfortunately, no other diamond was available which: 


showed intense electroluminescence at voltages suffi- 
ciently low for measurements to be carried out at 





„region 8-40 keV. 
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beam to excite the free carriers. Attempts to assign 
phonon energies to the transitions will be delayed 
until these médasurements and more unambiguous 
ultra-violet absorption data are available. 
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Detection of Negative lons formed by i 
Charge Transfer 


WE have reported recently the results of a series 
of measurements of the electron loss cross-section for 
hydrogen atoms of 5-40 keV. energy in various 
gases'*. The method employed is capable of some 
precision, and the cross-sections obtained are accur- 
ate, we believe, to within 2-3 per cent. As a result 
we have been able to determine that in hydrogen 
and in carbon monoxide the cross-section does not 
vary smoothly with energy, but has a number of 
large fluctuations. In the carbon monoxide cross- 
section, for example, there are nine maxima in the 
The magnitude of the oscillations 
is of the order of 108 cm.? in a total cross-section of 


=the order of 1-5 x 10°78 em.. 


te 


atmospheric pressure without. interference from air” 


discharges. However, it is hoped to carry out- farther 


investigations in the near future, using an electroti 





On the other hand, the cross-section shows no 
such variation for argon. Thus it seems likely that 
the sudden increases which occur in the cross-section 
for electron loss are associated with a process which 
leaves tho electron attached to the target molecule 
or a fragment of it after the collision rather than in a 
free state. The lack of resonances in argon indicates 
that this iş the cause of the increases rather than 
some other inelastic process such as excitation of the 
target molecule, which might also reduce the chance 
that the electron emerge from the collision still 
attached to the incident proton. 

Furthermore, we have constructed a model of a 
collision process which results in the formation of a 


negative ion of the target gas, and seems to give 


rather impressive numerical results. According to 
this model, an extra electron-loss channel is opened 
leading to the formation of negative ions when the 
target molecule has a positive electron affinity. As 
a hydrogen atom approaches a molecule the electron 
to be captured first makes a transition to the con- 


tinuum. This leaves it travelling toward the target 
¿molecule and somewhat faster than the proton with 
a velocity Vy + AV, where Vg ig the initial velocity 


of the hydrogen atom in the laboratory. The kinetic. 
energy of the electron in the laboratory is then 
mV ay + AV)*/2, and it behaves in the rest of the 
collision just as a free electron. There is a high 
probability that it can be captured i 
sufficient to produce a negative ion state of the target 
molecule in accordance with the operation of the 
Franck-Condon principle. The cross-section sheuld, 


_ however, be very much larger than ‘the analogous 


free-electron process because of the proximity of the 
“proton. Energy and momentum balance can readil 


¥ 
7 
a 






be achieved. 


if this energy is ~~ 
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Hy Biectron energy Appearance tentials 
drogen energy (oV.) (ova 
1338 H 9-68 OP) +0- 
14°45 11-08 10 92 D)+0~ 
38-60 1746 At So 
28°77 20 65 20 -08 or ie 
32 4 28 -30 23 40 or 23-83 
85:40 25 25 
86°09 26 12 26:26 Ct(*P)+0~-+-¢ 


It was found that if AV was assumed to be a linearly 
increasing function of Vy—and the same function 
for hydrogen, carbon monoxide and water impuri- 
ties in the hydrogen experiment—almost all the 
cross-section peaks could be associated with the 
various possible negative ion states of hydrogen, 
water and carbon monoxide. Table 1, reproduced 
here from a previous communication’ for the sake 
of completeness, shows the predicted appearance 
potentials of various negative ion states of carbon 
monoxide, and the observed thresholds in terms of 
the energy of the hydrogen atom and the agsociated 
electron-energy computed on the bagis of our model. 
A particularly notable feature of Table 1 is that the 
peak m the cross-section near 10 keV. must correspond 
to the formation of the bound molecular 10n CO- 
since the electron-energy is less than 9-66 eV., the 
Cyssociation energy of CO-. It is to be remarked 
also that only one peak appears to correspond to the 
formation of C, namely, that at an energy of the 
hydrogen atom of 33-82 keV. 

We have constructed a simple mags-spectrometer 
designed to detect whatever ions are produced in a 
gas through which a fast atomic or ionic beam is 
passed. We have found that negative ions are in 
fact formed in certain gases by fast hydrogen atoms. 
These gases are hydrogen, carbon monoxide, water 
and oxygen. No negative ions could be detected in 
helium, argon or nitrogen. In hydrogen we have 

aa ; in carbon monoxide, C~, O- and CO-; 
in water, H- and O-; and in oxygen, O-. The cross- 
sections for the formation of negative ions appear 
to be very lerge, as we expected. In fact in CO- 
we have found them to be of the order of 10-1* cm. 
at the maxima and to vary in the same way as the 
cross-section for electron-loss for the hydrogen 
atoms; that is, maxima and minima occur for the 
same hydrogen atom energies. The relative variation 
is much larger in the cross-section for formation of 
negative ion. There are, of course, other processes 
which contribute to the cross-section for electron-logs. 

In Table 2 we present an analysis of the ions found 
at various atomic beam-energies. The relative rate of 
formation for the various species is obtained by an 
extrapolation to zero carbon monoxide pressure. At 
most energies it was found that a weakly bound CO- 
was formed which imevitably broke up into C and 
O- before reaching the magnet of the mass spectro- 


Table 2, NEGATIVE IONS FORMED BY THE PASSAGE OF HYDROGHN 
ATOMS THROUGH CARBON AIONOXIDE AT VARIOUS ENERGIES 


The relatuve rates of production of the various species and the cross- 
sechons for formation of negative ions where they have been measured 


are also given 

Eydrogon energy Tonio species Cross-section 
(keY.) (em.*) 
12.00 CO- (98 per cent) Go. 10 xig” 
18-07 0- + O- 
18 75 O~ (98 par cent 00- O~ 1-1 x 10-78 
14 +34 O- (91 per cent) CO- Q-22 x 10-7 
16-20 O- (90 per cent) CO-— O~ 1 26 x 1071" 
17 42 O- (82% per cent) CO-— O~ 0 38 x 107" 
30 71 Met = 20 COz— Q07 
83 82 met. = 20 CO-— 07,- 
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meter. This species is denoted by the. symbol 
CO-— O- in Table 2. On the other hand, as pre- 
dicted, the predominant ion in the 12-keV. peak is a 
firmly bound CO- ion. C- is found at one energy 
only, namely, at 33-82 keV., again as predicted. 
The total cross-sections for formation of negative 
ions are given where they have been measured. 

It appears that this process is by far the most 
effective yet found for formation of negative ions. 
It ought to play an important part in the upper 
atmosphere—particularly during asaurore—end in 
stellar atmospheres. It should be noticed that such 
processes AS: 


H + 0—0- -+ E 


would also appear to be possible because of the 
presence of the proton. Fmally, the results of the 
10n analysis appear to confirm the validity of the 
model we have presented. The nature of the Abas, 
leading to the formation of the loosely bound C 
species remains, however, unknown. 

The work reported here wag supported in part by 
the Office of Naval Research and the Office. of | 
Ordnance Research, U.S. Army. 


T. M. Donanun® ` 
F. HU8SHFAR 


Physics Department, - 
University of Pittsburgh, ` 
Pittsburgh, Pennsylvania. 


* John Sim Fellow, Service d’Aeronomle, Observa- 
totre de Meudon, 8.-ot-)., France. 
l B., and Donahue, T Phys. “Rev. 
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GEOLOGY. 


West-Pacific Stratigraphic Correlation 


THE development of reliable methods of world-wide 
stratigraphic correlation, involves the gradual replace- 
ment of empirical and traditional ‘index fossils’ by 
zonal index species selected on the basis of carefully 
analysed factors concerning their evolution and 
distribution. This approach favours abundant 
fossils to which statistical methods of population 
study can be applied, such as Foraminifera ; rapidly 
evolving lineages, such as larger Foraminifera; and 
widespread forms, relatively independent of facies, 
such as planktonic organisms. It also necessitates a 
major effort to clarify stratigraphic terminology and 
classification which is expected to be significantly 
advanced soon as a result of the work of the Commis- 
sion on Stratigraphy of the International Geological 
Congress. The framework of the conventional strati- 
graphic subdivisions of geological time, dating back to 
the time when geological knowledge began to accum- 
wate long ago in Europe, is found to lack precision and 
to suffer from other deficiencies when attempts are 
made to accommodate in it the results of precise 
stratigraphic correlation in previously unknown parts 
of the world. Patient co-operative work of strati- 
graphers and palzontologists in different contments 
is required in order to overcome the difficulties and 
misunderstandings resulting from an over-extension 
of weakly founded terms and concepts. As Gignoux 
has stated, it is essential first to establish focal 
stratigraphic sequences (on a rock stratigraphic and 
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zonal biostratigraphic basis, I might now add) and 
to generalize them only cautiously. 

“Much of the correlation of mid-Tertiary Indo- 
Pacific foraminiferal assemblages depends at present 
on the recognition of the Globigerinatella tnsueta— 
Globigertnoides bisphertcus zone. Its significance for 
the Pacific region was first recognized by Todd et al.*, 
who found it represented on Sarpan. The subsequent 
publication of the geology of Saipan by Cloud et al.® 
now enables the stratigraphic relations of this fauna 
to be examined more closely‘.” In a recent contribu- 
tion to a stratigraphic handbook’ I mentioned briefly 
an alternative view of the relations of this zone fauna 
from the Mariana Islands which links the Tertiary 
of the West Pacific with that of the West Indies. It 
appears now that the original assumptions have led 
to confusion m the interpretation of important 
further discoveries. A brief discussion of the problem 
and its solution is therefore here presented. The 
G, wmsueta-fauna, was found in tuffs (later named the 
Fina-Sisu formation) which were stated to dip 
beneath sub-horizontal limestones (Tagpochau Lime- 
stone) that contain larger Foraminifera considered to 
be of Tertiary e (early Miocene) age. The fauna 
found ım the vicimty of the tuff outcrops, as quoted 
in the original paper by Todd ef al. and later described 
by Cole’, does not contain restricted 6-stage species. 
Only Cycloclypeus eidae Tan, ““Korupertia semiornata 
(Howechin)’”’ (not figured from this locality), Lept- 
docyclina sumatrensis (Brady), L. verbeekt Newton 
and Holland, Mtogypsina thecideacformis Rutten, 
Gypsena mariannensis Hanzawa and Marginopora 
vertebralts (Quoy and Gaimard) occur at the relevant 
localities. This is definitely not an e-stage but an 
jJ-stage assemblage, in terms of the letter-classification 
of the Indonesian Tertiary. Older faunas were found 
elsewhere in the Tagpochau Limestone, and for this 
reason Cole placed the entire formation in the e-stage 
which he considered as Lower Miocene. The tuffs 
representing the zone of Globigerinatella insueta were 
accordingly placed in the Oligocene. This dating 
agreed with the then accepted correlation of this 
unit in the zonal sequence of the West Indies, but 
disagreed with subsequent revisions of the dating of 
the Tertiary of the West Indies by Eames, Drooger 
and others, according to whom the tnsueta-zone is 
either upper Aquitanian? or upper Vindobonian. 
This disagreement disappears if the Fina-Sisu tuffs 
in the southern part of Saipan are considered, as they 
should be on the evidence of published data, as over- 
lain not by the basal part of the Tagpochau Limestone 
(this waa assumed implicitly by Todd et al.) but by 
its highest portion which is to be placed in the f-stage. 
Interbedding of tuff and limestone is an alternative 
which does not appear to be inconsistent with the 

‘detailed map. 

A close association of the planktonic Foraminifera 
of the G. btsphertca zone with f-stage larger Foramini- 
fera has just been described by Cole, Todd and 
Johnson? from Yap in the Caroline Islands. The 
previous assignment of these two groups of fossils to 
different zones, stages and even series on Saipan made 
it necessary for the authors to consider carefully 
possible alternatives, but these did not include a 
revision of the field relations, and their concluding 
statement (p. 91) reads as follows: ‘These rejected 
possibilities leave us with scarcely anything more than 
the conclusion that we cannot explain the conflicting 
evidence of age from the larger and smaller Foramini- 
fora on Yap”. Actually, the evidence from Saipan 
as re-interpreted here, together with new data from 
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Australia and old records from Borneo’, indicate 
that the distinctive benthonic larger, Foraminifera 
characterizing the f-stage and the planktonic smaller 
Foraminifera of the G. btsphertcus zone (= upper 
Globigerinatella insueta zone) are closely associated 
throughout this region. They also indicate the post- 
Aquitanian age of these assemblages‘. A discussion 
of the discrepancy between this datmg and the placing 
of the same zone in the Aquitanian?’ must await 
publication of fuller details. 


M. F. GLAHSSNER 


University of Adelaide. 
South Australia. 
May 19. 
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GEOCHEMISTRY 


Exposure Ages for Iron Meteorites 


THE rare gases in iron meteorites induced by 
cosmic rays can be used to obtain estimates of the 
exposure ages of the meteorites. The rare-gas 
nuclides are formed by the nuclear reactions induced 
by high-energy cosmic-ray particles at a presumably 
constant rate in time and space. The rate is, however, 
dependent on the depth at which the sample being 
investigated is below the surface of the meteorite in 
its flight through space. This depth is dependent on 
the absorption of the cosmic-ray particles by the 
meteorite. 

In. general, in order to estimate an exposure age, 
one needs a rate of production of a given nuclide and 
its total content in the meteorite. The activity-level 
of a radionuclide with a half-life short compared to 
the exposure age (usually 100-1,000 x 10° years) 
furnishes a measure of the rate of production ; while 
modern mass-spectrometric techniques make possible 
the measurement of the rare-gas content of meteorites 
using of the order of 0-1 gm. per sample. However, 
the present methods being used for detection of padio- 
active products require of the order of 100 gm. per 
sample. As a result there are considerably more 
rare-gas measurements than radioactivity measure- 
ments. Recently such rare-gas measurements have 
been used to estimate exposure ages! by assuming all 
meteorite specimens are in the same cosmic flux. 
That is, it is assumed that the depth of a sample in 
the original body in space 18 never sufficiently large 
to cause @ great variation in the production-rate of 
cosmic rays. While there is some evidence that this 
is the case for stone meteorites, it is certainly not the 
case for the iron meteorites, and any estimate based 
on & constant production-rate can, in a given case, 
be in error by more than an order of magnitude. It 
would clearly be desirable to have a method of 
estimating the praqduction-rate from the rare-gas 
contents alone. Helium is formed with good yield 
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by low-energy reactions while a product such as neon 
or argon is wy found by relatively high-energy 
interactions. For this reason a ratio sach as helium-3/ 
argon-38, for example, ıs dependent on the ratio of 
high- to low-energy particles producing the inter- 
actions. In turn, this ratio is dependent on the depth 
below the surface. With increasing depth, relatively 
more low-energy secondaries are formed. In this 
way a ratio such as helium-3/argon-38 will furnish a 
measure of the depth. 

There is a complication ; if the meteorite should 
contain calcium, the argon-38 would also be produced 
in good yield by low-energy secondaries. However, 
one has available in addition to this ratio the ratio 
helium-3/neon-21 and helium-3/helium-4, both of 
which should show a similar dependence on the depth 
below the surface. Again, each of these ratios can be 
affected by the presence of an impurity. The presence 
of magnesium will alter neon-21 production markedly, 
while the presence of lithium or uranium will alter the 
ratio helium-3/helium-4. If the ratios helium-3/ 
helium-4, helium-8/argon-38 and neon-21/argon-38 
are used to derive a scale of depth, then it should be 
possible to pick out ratios that are anomalous. 

It is thus possible to establish a scale of the produc- 
tion-rate of a given nuclide as a function of a rare-gas 
ratio. For example, the production-rate of helium-3 
can be estimated from the ratios helium-3/argon-38 

d the measurements of argon-39 and chlorine-36*-* 
for meteorites, the rare-gas contents of which have 
been determined on adjacent pieces, that is, at the 
same depth. The relations involved are : 
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(1) Production-rate of helium-3 = production-rate of 


38 
chlorine-36 : (Ho/"Ar) teas 


(2) Production-rate of helium-3 = production-rate of 
. 3 38 o(*Ar) 
argon-39: (*He/ Ar) (ss Ar) 
where (*He/**Ar) represents the ratio of the rare-gas 
content of the meteorites. The ratios of cross-sections 
are obtained from the bombardment by high-energy 
protons of iron (see ref. 7, also Fisher and Schaeffer, 
unpublished work). These cross-sections are not very 
sensitive to the energy and so should be practically 
independent of the depth of the sample in the 
meteorite. 

When the results in the literature are treated in 
this way, one can obtain the plot shown in Fig. 1. 
While the data show the usual spread when accumulat- 
ing results from a number of independent laboratories, 
there is none the lesa a definite change in the produc- 
tion-rate with the ratio helium-3/argon-38. It should 
be possible to use this figure to interpret some of the 
results on the rare-gas contents of iron meteorites. 


Table 1. MWTHORITES Listep IN ORDBR OF INORBASING DEPTH 











Helium-3 x 10-8 | Heltum-3 | Helium-8 | Neon-21 
Meteorite |(c.0. N-T.P./gm.)| Helium-4 | Argon-38 | Argon-88 
Washington 
Co. 193 + 20 0 0867 0-28 
Tucson 18 +1 0:09 1°5 
Forsyth Co 48 + 6 0-32 0-28 
Oanon Diablo 05 +9 0 80 0 -28 
mithland 58 + 4 0-25 0 25 
pe Rose 47 +5 0-26 0-19 
Catherina 57 + 6 0-25 0-19 
Tombigbee 
yer A7 £1 014 0:12 
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He? PRODUCTION RATE IN 10° scG/gm-myr 
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ng. 1. Production-rate of helfum-8 plotted against raho of 
helium-8/argon-88. The circles are calculated from chlorine-3@ 
data, the from argon-39 data. G, Casas Grandes (ref. 5); 

te- (ref. 5); Sy, Sikhote-Alin (ref. 4); D, Canon 
CO, Oarbo (ref. 6); Ti, Treysa re 10), Ta 


Sı, Sikho 
Diablo (ref. 5); 
W, Williamstown (ref. 5 


Treysa (ref. 4); 


Recently the rare-gas contents of several meteorites 
have been measured’. These are listed in Table 1 in 
order of increasing depth as determined from, the- 
ratios helium-3/helium-4, helium-3/argon-38 and 
neon-2] /argon-38. 

It can be seen that not all the ratios vary uniformly, 
and it is suggested that the presence of small amounts 
of impurities may be influencing the ratios. For 
example, the low values of the.ratios helium-3/helium- 
4 in the Washington County, and Tucson. meteorites 
are probably due to the presence of radiogenic helium 
from uranium or primordial helium!’.® ; while the high 
ratio neon-21/argon-38 in Tucson is probably due to. 
the production of neon-21 from magnesium and 
silicon, which are known tobe present to the extent 


. of several per cent in this meteorite. 


Table 2. OOSMIO-RAY EXPOSURE AGES 


Moteorlte Age Meteorite Age 
(million years) million goes 

Toluca* 75 Smithland* 11 
Toluca 110 Treysat ,500 
Casas Grandes* 120 Williamstown * 1,900 
Arispe* 840 Santa & 120 
Odoassa* 250 Santa Catherina 140 
Sikhote-Alin* 145 Carbo 1,200 
Washington Oo 290 Henburyt 1,200 
Tucson 20 Imulact 740 
Forsyth Co. 05 Cerros del Buel 
Canon Diablo 190 Mueitot 72 


* From the data of Schaeffer and ZAhringer (see ref, 13 
{yom the data of Gentner and Z&hringer (see ref. 12). 
From the data of Kistner (see ref. 8). 


By the use of Fig. 1, the ratio helium-3/argon-38 
and the helium-3 content, it is now possible to 
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Fig. 2. Cosmio ray exposure ages of the iron meteorites 
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estimate ages for all the meteorites in Table 1, as well 
as a number which have been reported in the litera- 
ture. These are tabulated in Table 2. 

The data have been arranged in a histogram in 
Fig. 2, from which it can be seen that the exposure 
ages show & variation extending to nearly two 
thousand mullion years, with a most probable value 
near 100-200 million years. This can be interpreted 
as characteristic of a continual breaking-up process 
of bodies in space, leading to freshly exposed surfaces. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 


OLIVER A. SCHAEFFER 
Davin E. FISHER 


Brookhaven National Laboratory, 
Upton, 
Long Island, 
r New York. 


1 Urey, H. C., J. Geophys. Res., 64, 1721 (1059). 

* Singer, S. F., Nuovo Cimento, 8, 589 (1958). 

7 Ebert, K. H , and Wanke, H., Z. Naturforsch., 12, A, 766 (1957). 
‘Fireman, E. L., Nature, 181, 1618 (1958). 

! Sprenkel, E., Ph.D. thesis (1959) (unpublished). 

t Kistner, G., Ph.D. thesis (1058). 

’ Schaeffer, O. A., and Zahringer, J., Phys. Rev., 113, 674 (1959). 

* Fisher, D. E. A and Schaeffer, O. ce Geochim. Cosmochim. Acta 


On the I press 
* Schaeffer, 0. i and Fisher, D. E., Nature, 183, 660 (1959). 


1 Wanke, H., and Vileask, E., Z. E , 14, A, 929 (1959). 

n Schaeffer O. A., and Zanrmger, J , Geochim, Cosmochim. Ada 
(to be published). 

12 Geniner. W., and Zahringer, J., Geochim Cosmochim. Aca, 11, 60 


CHEMISTRY 


Effect of Solvent Polarizability on the 
Ultra-Violet Spectral Shifts of Aromatic 
Compounds 


Ir is generally recognized that non-polar solvents 
cause a long wave-length shift of the optical spectral 
maxima of absorbing solutes, and that this shift 
tends to increase with the polarizability of the solvent. 
Bayliss! has proposed that : 


3e? 
8rc*c*m 


J n? -— l 


Av(cm.71) == Ja Py it LB T 3 


(1) 





where Av is the long wave-length shift, compared to 
the dilute vapour spectral position, f is the oscillator 
strength (that is, the number of ‘classical’ absorbing 
electrons), a is the radius of the absorbing molecule, 
n is the refractive index of the solvent, and the other 
symbols have their usual significance. Longuet- 
Higgins and Pople? have proposed the relationship : 


(2) 


where the shift is expressed in energy (frequency X h); 
aa and ag are the molecular polarizabilities of the 
solute and solvent, respectively, and M and Æ are the 
dipole moment and energy of the transition. Each 
solute molecule is regarded as being surrounded by 
z solvent molecules at a mean distance R. This 
relationship predicts that the long wave-length shift 
will be proportional to (n? — 1)/(n* + 2). Both 
equations predict that Av(cm.—!) or Ad (AA = a — Ag, 
where the subscripts refer to solvent and vapour 


red shift = es apzR-* (+ Eaa +M) 
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(n? — 1)/(a* + 2) 


Fig. 1. The long wave-length shift A, — å, (A. dy compared to 

ta of the ultra-violet spectral maxima four aromatic 

dg in solvents of refractive index n, Plotted as a function 

of opie on rt -+ ra ; ©, benzene; A, phenol; gd, fluoro- 
benzene ; (], benxzotrifluoride 


respectively; over the very short wave-length 
range to be considered here, AA = Av)? to a high 
degree of approximation) will approach zero only 
in the vapour state, and that in any solvent a sub- 
stantial shift should be observed. Similar but more 
elaborate theoretical treatments have been given by 
Ooshika? and McRae‘. 

There appear to be very few data on ultra-violet 
and visible spectral shifts in non-polar solvents which 
permit a test of these equations. Lauer and Oda! 
found the shift of the benzene spectrum tended to 
increase with solvent refractive index, but the 
scatter of their data is too large to permit a test of 
any definite relationship. In addition, the reported 
vapour maxima positions are in error. Shepard‘ 
presented data for a merocyanine dye in four solvents. 
A linear plot of A\ vs. n appeared to pass through the 
origin; but the extrapolation was rather long. <A 
recalculation of these data by Bayliss gave a plot of 
Av(em.-!) vs. (n! — 1)/(2n* +1) which did not 
pass through the origin; a similar plot for solutions 
of bromine likewise did not pass through the origin. 
Phibbs? observed that solutions of atomic mercury 
in water and several organic solvents did not obey 
Bayliss’s relationship. Ham?! found that complexes 
of iodine with benzene, mesitylene, and hexamethyl- 
benzene gave shifts which were linear in (n* — 1)/ 
(2n? -+ 1), and McRae‘* observed similar behaviour 
for phenol blue, but in both cases the vapour position 
is indeterminate. 

In the course of an investigation of the ultra-violet 
spectra of proteins and protein models’, we have had 
occasion to measure varefully the ultra-violet spectral 
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shifts of benzene, phenol, fluorobenzene, and benzo- 
trifluoride in solvents of varying polarity and polar- 
izability. A particular feature of this study is the 
inclusion of two solvents of very low polarizability : 
a cyclic perflnoro-C, ether, C,F,,0, manufactured 
by Minnesota Mining and Manufacturing Co. 
(n*#* = 1:2775), and perfluoropentane (np = 1:2390). 
This enables the relationship of 4, — A, to n to be 
extended to considerably lower n than im previous 
studies. A Cary model 11 spectrophotometer was 
employed, l-cm. cells with quartz windows being 
used for all solutions and a 5-cm. cell for vapour 
samples. The solution of benzene in petrolatum was 
measured using quartz plates with 0-015-cm. glass 
spacers ; the refractive index of the petrolatum was 
1-4858. The spectrum of a 6 per cent solution 
of benzene in the cyclic perfluoro-C, ether was 
recorded using a thin liquid film squeezed between 
quartz plates without spacers. 

In Fig. 1 are shown the long wave-length shifts 
Ay — Ay (in A.) for benzene (0:0050 M, 2529 A. 
vapour band), fluorobenzene (0-00115 M, 2644 A. 
vapour band), phenol (0-00080 M, 2685 A. vapour 
band2*) and benzotrifiuoride, (0-00390 M, 2645 A. 
vapour band) in perfluoropentane, cyclic perfluoro-C, 
ether, water, ethanol, tscoctane, chloroform, carbon 
tetrachloride and petrolatum, plotted vs. (n? — 1)/ 
(n? 4- 2). The fefractive indices of the solvents and 
their positions along the abscissa of Fig. 1 increase 
in the order given. The spectral shifts for benzene 
he on a nearly straight line which appears to extra- 
polate to an intercept of about 0:18 on the abscissa. 
Fluorobenzene shows very similar behaviour. Benzo- 
trifluoride, which is quite polar (up = 2°63 D.U.) 
but presumably does not form hydrogen bonds, 
shows somewhat larger shifts in water and ethanol, 
for which there appears to be no obvious explanation. 
Phenol shows a very large shift in ethanol (probably 
largely the result of hydrogen bonding, with the 
phenol acting predominantly as the hydrogen donor) 
but a ‘normal’ value in water’ (where it may act 
equally as donor and acceptor). The slope of the line 
for phenol is somewhat greater than that for benzene 
and fluorobenzene, corresponding to its greater oscilla- 
tor strength. All four give approximately straight 
lines for the solvents of higher refractive index, but 
the curve evidently bends sharply below about 
0:15-0:17 on the abscissa, since it appears that it 
must pass through the origin. Therefore, none of the 
proposed relationships between a, — A, (or Av) and 
n is even approximately correct, at least for these 
systems. 

The apparently nearly zero polarizability of the 
fluorecarbon solvents with respect to these aromatic 
solutes is of some interest, and is probably quite 
general. Although it is well recognized that the 
polarizability of fluorocarbons 1s relatively low, it is 
clear that it is far from zero. For example, the van 
der Waals forces between fluorocarbon molecules are 
large enough so that their boiling points do not 
differ greatly from those of the corresponding hydro- 
carbons!!, The van der Waals forces between 
fluorocarbon and hydrocarbon molecules are appar- 
ently peculiarly low, as judged by their low mutual 
solubility##. The very small spectral shifts may be 
in part another aspect of this anomalous behaviour. 
The problem seems to be broader than this, however, 
for the observed shifts for all the other solvents lie 
close to the same nearly straight line, which does 
not have the slope or origin imdicated by theory. 
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Fig. 2. The ultra-violet spectrum of benzene im tsooctane (a), 
eyche perfluoro-C, ether (b), and vapour (approximately 70 mm.) (c) 
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The fluorocarbon systems represent in an accentuated 
and stmking form an anomaly which is to some 
degree shared by the other systems. 

A possible explanation for these results is that in 
dilute solutions the solute molecules may exist in 
part in cavities or holes in the solvent, and that 
therefore the factor R in equation (2) may be larger 
than expected. Simoe the shift is predicted to be 
dependent on R-*, only a relatively small cavity would 
need to be postulated. The equilibrium distribution of 
solute between cavities and the ‘true’ solvent medium 
might be imagined to favour the ‘true’ solvent medium 
increasingly with increasing solvent polarizability. 
For fluorocarbons, the solute might then be thought 
of as being almost entirely in the cavities. We have 
found, however, that for a 5 per cent solution of 
benzene in cyclic perfluoro-C, ether the spectral 
MAXIMA are un ed in position compared to the 
500-times more dilute solution represented in Fig. 1. 
It appears most unlikely that cavities could be 
provided for these many solute molecules. 

In Fig. 2 are compared the spectra of benzene 
vapour (approximately 70 mm.) and of benzene 
solutions in cyclic perfluoro-C, ether and in tso- 
octane. It is of mterest experimentally and theoretic- 
ally that, because of the small interaction between 
solute and solvent, the spectrum in the fluorocarbon 
solvent shows a marked increase in resolution over 
that observed for the hydrocarbon solution; many 
features of the vibrational fine-structure visible in 
the vapour spectrum are clearly seen. Fluorocarbon 
solvents may thus provide vapour spectral positions 
and considerable fine structure for relatively non- 
volatile substances for which it would be incon- 
venient or impossible to obtain a true vapour spec- 
tram. 

We wish to acknowledge the able experimental 
assistance of Mrs. Lucy Klos and Mr. Floyd Vincent. 
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We are also grateful to Dr. G. V. D. Tiers for several 
stimulating disoussions. 
Note added in proof. After this paper had been 
submitted, Dr. John Foss (University of Oregon) 
directed our attention to a paper by Sverdlova!*® in 
which similar data are presented for benzene and 
chlorobenzene. In general, these data agree with 
ours ; but they are plotted in such a way as to obscure 
the disagreoment with theoretical prediction. 
F. A. Bovuy 
S. S. YANARI 
Central Research Laboratories, 
Minnesota Mining and Manufacturing Co., 
St. Paul, Minnesota. 
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Absorption Spectra of Diatomic 
Radicals containing Boron or 
Silicon 

Various workers have used methods of time- 
resolved absorption spectroscopy to study the 
formation and decay of free radicals produced in 
pulsed electric discharges. These investigations have 
been, confined to the use of a single parent substance 
which normally flows through the discharge tube 
at a rate such that the parent substance is not 
completely replenished before each discharge pulse. 
In this way the absorption spectra of OH (ref. 1), 
CN (ref. 2) and of several halides such as BBr, BCI, 
AlBr, AlCl, AlI and SiCl 3+ have been observed. The 
main, limitation in this work was low intensity of the 
background sources used, and a large number of 
exposures were needed to obtain an adequate record 
with both high dispersion and good time resolution. 
The use of a flash tube filled with an inert gas as back- 
ground source greatly reduces the number of ex- 
posures needed to obtain an adequate record and 
this removes the difficulty of studying systems where 
the discharge tube has to be refilled after each 
exposure. 

An apparatus of this type has been constructed, 
and has been used for studying the absorption spectra 
of free radicals which have not previously been 
detected-in absorption and which would be expected 
to have appreciable concentrations at the tempera- 
tures reached when a pulse electric discharge is 
passed through a suitable gas mixture at low pressure. 
In typical experiments a 1-5 uF. condenser at 
10 kV. is discharged between, tungsten electrodes 
25 cm. apari n a 5-cm. diameter glass tube contaming 
the parent mixture at a few mm. mercury pressure. 
A 100 J argon-filled quartz capillary flash tube with 
a duration of 7 usec. is used to photograph the absorp- 
tion spectrum on a 3-metre grating spectrograph. 
The firing of this lamp 1s controlled by an electronic 
delay circuit which is initiated by light from the 


TURE 


June 25, 1960 


discharge. With the optical arrangement used, the 
amount of light reaching the spectrograph from the 
discharge is small enough by ne pean with 
intensity of the spectroscopic flash to make the use of 
shuttering unnecessary at wave-lengths above 2800 A. 

To date experiments have been concentrated on 
systems containing boron or silicon. For the former, 
either boron trichloride or trimethyl borate has been 
used, either alone or mixed with oxygen, nitrogen or 
bydrogen. In these systems, the absorption spectra 
of BC] (41 — X18), BH (A — X £+), BN PA — 40), 
BO (A311 — X*S+)® and the “boric acid fluctuation 
bands”: have been observed. Of these, the observa- 
tion of the triplet but not the singlet bands of BN 
(ref. 7) in absorption is of particular interest, since 
they suggest strongly that BN has a 3i] ground-state, 
whereas the iso-electronic species C, has recently been 
shown to have a ‘2+ ground-state with its con- 
figurationally excited *{] state only about 610 cm.-} 
higher*, This difference in behaviour can be attri- 
buted to the fact that ground-state B(?P) and N(4S) 
atoms can only give triplet and quintet states, 
whereas singlet, triplet and quintet states can arise 
from two normal carbon atoms (°P). Attempts are 
being made to observe the gas-phase absorption 
spectrum of BeO which is iso-electronic with BN and 
C, with the view of determining the relative positions 
of its lowest singlet and triplet states. 

Preliminary experiments with sihcon tetrachloride 
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either alone or mixed with hydrogen or nitrogen have 


yielded the absorption spectra of SıC1 (B*2 — XT), 
SiH (4A — X11) and SiN (B£ — XX+). In 
addition to observing most of the B*E — XO bands 
of SCl listed by Jevons’, the (2,1) and (3,1) bands 
have been identified. The identification of these 
bands and the strong appearance of the (2,0) and 
(3,0) bands in these experiments confirm Jevons’s 
assignments, about which he expressed some doubt. 
Under conditions when the 7A — 3I] band of SiH was 
most intense, a weak, slightly diffuse system appeared 
in absorption between 3900 and 3750A. This spectrum 
has been tentatively identified as the +5- — 4] 
transition pf SiH to be expected in this region by 
analogy with CH. An attempt is being made to 
obtain this spectrum with enough intensity to permit 
a rotational analysis. No band system of Silt 
corresponding to the 3143 A. 15+ — *II transition of 
CH has yet been detected. 

Jt can be seen that this technique provides a 
relatively simple method of studying the absorption 
spectra of species Lkely to be present at high tem- 
peratures without the use of large quantities of 
material or of elaborate apparatus to produce the 
high temperatures. A detailed account of this work 
is bemg prepared for publication. : 

I wish to thank Prof. R. G. W. Norrish for helpful 
discussions and the Government Grants Committee 
of the Royal Society for a grant, part of which was 
applied to this work 

B. A. TERUSE, 
Department of Physical Chemistry, 
Lensfield, Cambridge. 
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Analysis of Anzsthetic Mixtures by 
Gas Chromatography 


Dorma anesthesia, and in respiratory research, 
there is a need to analyse mixtures of permanent 
. gases and organic vapours on a routine basis. Physical 
methods are being mcreasingly used for this type of 
work, but the equipment required tends to become 
complex when the analysis of several components is 
desired. Chromatographic analysis is discontinuous 
in nature, but, provided that this can be tolerated, 
the use of gas chromatography offers several ad- 
vantages of which simplicity and versatility are the 
most important. 

For the separation of oxygen and nitrogen we have 
employed a column 12 in. long and } in. internal 
diameter packed with 52-60 B.S. mesh Linde 54 
molecular sieve at room temperature. Samples can 
be analysed at 30-sec. intervals. 

Carbon dioxide and nitrous oxide are commonly 
encountered in respired anesthetic mixtures since the 
majority of anssthetics are based on nitrous oxide 
and oxygen. None of the common adsorbents, such 
as silica gel, alumma and charcoal, will give an 
adequate separation of these gases. However, we 
have found that a G.U.C. column 24 ft. long by } in. 
internal diameter packed with 28-6 per cent of 
propylene carbonate on 52-60 B.S. mesh ‘8STL-0-CEL’ 
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CYCLOPROPANE 
© 
O2, N20, CO7, AND CYCLOPROPANE 


cO2 
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FLUOTHANE 


SAMPLE 
IN IN 


| TFA 


me 1 Chroma of a respired anmethetic mixture. 
Co 1, 20 ft x 4 in. 20 cent dimethyl sulphoride on 
oe ee a a ea T5’ car nat 1 Ghthelate 
umn x cent dinonyl p 
on 62-40 mesh ‘SI-0-CBL’ at 75° ge inliet pressure 40 mm. 
mercury. Flow-rate, 30 ml./min. H, in both columns 


NATURE 


1045 


firebrick will separate these gases at room tempera- 
turo. A mixture of oxygen, carbon dioxide and 
nitrous oxide can be analysed in about 24 min. on 
such a column. By overlapping the samples the 
analysis may be repeated every 2 min. Recently 
we have found that dimethyl sulphoxide is an even 
better stationary liquid for this work. A 20-ft. by 
}-in. column containing 20 per cent of dimethyl 
sulphoxide on 52-60 mesh ‘SIL-O-CEL’ at 20°C. 
will separate a mixture of oxygen, nitrous oxide and 
carbon dioxide in 1 min. 

When ether and fluothane are present, a 2-ft. by 
ł-in. column containing 15 per cent of dinonyl 
phthalate on firebrick is used in parallel with the 
dimethy] sulphoxide column. Automatic valves! 
inject different-sized samples simultaneously mto both 
columns. The dinonyl phthalate column is heated 
to 75°C., allowing the light gaseous components to 
pass through unresolved but retaining ether and 
fluothane long enough to give complete separatiox. 
The gases and vapours from the two columns pass 
through opposite channels of a thermistor thermal 
conductivity detector. The recorder in the bridge 
circuit is modified so that a negative signal actuates 
& reversing switch and consequently all the peaks on 
the recorder chart are in the same direction. Fig. l 
shows the separation of a respired anmsthetic mixture 
analysed in this way in approximately 44 min. 

We wish to thank Prof. R. F. Woomer, of the 
Royal College of Surgeons, and the Directors of 
“Shell” Research, Ltd., for their encouragement, and 
for permission to publish this communication. We 
also wish to thank colleagues at the Koninklijke/ 
Shell-Laboratorium, Amsterdam, who suggested the 
use of dimethyl sulphoxide as a stationary liquid. 


E. R. ADLABRD 
“Shell” Research; Ltd., 
Thornton Research Centre, 
Chester. . 
D. W. Him. 


Research Department of Anæsthetics, 
Royal College of Surgeons of England, 
London, W.C.2. 
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RADIATION CHEMISTRY 


Radiative Life-time of-the Pyrene Dimer 
and the Possible Role of Excited Dimers 
in Energy Transfer Processes 


Tam absorption speotra of certain dye solutions 
exhibit a marked dependence on, concentration. over 
a rango in which the corresponding fluorescence 
spectrum remains unchanged ; this is attributed to 
absorption by non-fluorescent dimeric complexes at 
higher concentration which reduces the overall 
fluorescence yield of the solution'. The relative in- 
tensities of absorption by the dye in its monomeric 
and dimeric forms suggest that the radiative life- 
times of the corresponding excited species are both of 
the order of 10—10! sec. (ref. 2). 

On the other hand, Förster and Kasper? have 
observed that, whereas the absorption spectrum 
remains unchanged, the violet fluorescence of dilute 
solutions of pyrene is replaced by a blue emission at 
higher concentrations ; in this case the excited dimer 
responsible for the blue fluorescence is formed 
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Fig 1. onn of slow fluorescence of pyrene in solution photo- 
graphed through phoaphoroscope (1), and of total fluorescence a 
consisting of violet (monomer) and blue (dimer) bands A an 


collisionally from excited and unexcited pyrene mole- 
cules and, according to cryoscopic data, does not 
exist in the ground-state. Since measurement of the 
delay between absorption and emission observed in 
the vapours of pyrene and other aromatic hydro- 
carbons indicates that excited dimers formed in this 
way have a life-time of the order of 10-* sec. even 
at temperatures of more than 200° C. (ref. 4), ıt would 
not be surprising if the radiative life-time of the 
Pren dimer in solution were at least of the same 
order. 

We thoroughly outgassed a 10-8 M solution of 
pyrene (Lights, white puriss.) in B.D.H. spectro- 
scopically pure cyclohexane in a ‘Pyrex’ cell and, 
using the flash photometric technique, observed a 
first-order emission component with a life-time of 
1-8 +4 0:2 x 10? sec. To confirm that this com- 
ponent originates from the excited pyrene dimer, the 
fluorescence of the same solution in the same cell 
was excited by a 250-W. high-pressure mercury are 
and photographed through a locally constructed 
phosphoroscope on a small Huger quartz spectro- 
graph. Fig. 1 shows a microdensitometer tracing of 
the exposed plate together with the total unsectored 
emission excited by the mercury 313 mu line in the 
same solution. 

A theoretical treatment’ of the optical properties 
of dimers of this type shows that the radiative: 
transition between excited and unexcited states is 
orbitally forbidden if the complex has a centre of 
symmetry, which accounts for the magnitude of the 
radiative life-time observed here. Consequently the 
corresponding absorption would be extremely diffi- 
cult to detect even if the dimer exists to an appreciable 
extent in its ground-state, and the independence of 
the absorption spectrum of concentration is clearly no 
criterion, for the non-existence of excited dimers at 
higher concentrations. On the contrary, an absorp- 
tion spectrum independent of concentration indicates 
that any excited dimers formed are of the long-lived 
variety which will not be detected in emussion or 
absorption if non-radiative processes leading to self- 
quenching compete successfully with fluorescence. In 
this case the evidence for their existence must be based 
on self-quenching itself*, extremely efficient sensitiza- 
tion, a case of which has recently been suggested’, or 
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perhaps the appearance of unidentified bands observed 
in flash absorption spectroscopy of which a recently 
reported case may be an example®. Their reversible 
formation in the vapour phase at pressures as low 
as 0:5 mm. (~ 10- mol./litre) satisfactorily accounts 
for the negative temperature-coefiicient of self- 
quenching? and the phenomenon of delayed fluor- 
escence*. 

The observation of an emission of this duration 
in concentrated pyrene solutions illustrates the 
remarkable resistance of the emitting species to 
collisional deactivation by the monomer or by solvent 
molecules. These properties of the collisionally 
formed excited dimer which has virtually the life- 
time of a triplet state and the multiplicity of a singlet 
state’ are those of an ideal sensitizer, and it is not 
unlikely that it plays an important part in the 
physical processes associated with photosynthesis 
and with phenomena dependent on concentration 
observed in sromatic solutions. Since it is not a 
primary product of absorption and does not appar- 
ently exist ın the ground-state, we suggest the term 
‘excimer’ be used to distinguish it from the short-lhved 
dimer excited directly in solutions exhibiting an 
absorption spectrum dependent on concentration. 

We wish to express our thanks to Prof. G. J. 
Hoijtink and Dr. R. N. Dixon for enlightening dis- 
cussions, and to the Royal Society fér a grant-in-aid 
and the Safety in Mines Research Establishment fer 
the loan of a spectrograph. One of us (E. H.) is 
grateful to the Department of Scientific and Industrial 
Research for the award of a maimtenance grant. 


B. Srevens 
E. HUTTON 
Department of Chemistry, 
University, Sheffield 10. 
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BIOCHEMISTRY 


Effects of Fatty Acids on the “P-Adenosine 
Triphosphate Exchange Reaction in Rat 
Liver Mitochondria ° 


Arrmnirron has been. focused in recent years on the 
effects of fatty acids on phosphate metabolism. In 
1956 it was shown! that decanoate uncouples oxida- 
tion from phosphorylation in rat kidney and brain 
mitochondria. It was also shown, in the same year’, 
that fatty acids stimulate the latent adenosine tri- 
phosphatase activity of rat liver mitochondria, 
myristic acid being the most effective. Results of 
recent work? have shown that the phosphorus-32 
turnover in Ehrlich ascites cells is markedly decreased 
in the presence of potassium decanoate; however, 
that of rat liver slices is more sensitive to decanoate 
than is the process of oxidative phosphorylation in 
rat liver mitochondria‘. In isolated rat kidney and 
brain mitochondria, 0-6 mM decanoate is needed to 
decrease the P : O ratio by 50 per cent}, and prelimin- 
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ary experiments with rat liver mitochondria have 
indicated that,decanoate is approximately as active 
m this system.” In work with rat liver slices, 1-33 
mif decanoate inhibited phosphorus-32 turnover mn 
adenosine triphosphate by 75 per cent, but the oxida- 
tion of decanoate-1-14C proceeded at a high and 
constant rate for 3 hr. at this concentration, mdicating 
that there was still sufficient adenosine triphosphate 
for the initial activation step. It was therefore of 
interest to determine if the decrease m the rate of 
labelling of adenosine triphosphate with phosphorus- 
32 in liver slices is due to a decreased rate of synthesis 
of the triphosphate, or whether it is due to the fact 
that labelling takes place by a process which is 
particularly sensitive to the presence of fatty acids. 
The adenosine triphosphate~phosphorus-32 exchange 
reaction® might constitute such & process, and the 
effects of fatty acids on this reaction were investigated. 

The methods used were essentially those described 
by Dawkins, Judah and Rees’, and a summary of the 
results obtained is given in Table 1. At low concentra- 
tions, all the fatty acids investigated cause an 
increased rate of labelling of adenosine triphosphate 
with phosphorus-32, and at somewhat higher concen- 
trations they give rise to increasing inhibitory effects. 
Decanoate, at a concentration of 0-05 mM, brings 
about a 57 per cent stimulation of the rate of exchange 
of phosphorus%2 with adenosine triphosphate. 
e Igcrease in decanoate concentration to 0:2 mM leads 
to a decrease of 42 per cent. It appears, therefore, 
that the process of labelling of adenosine triphosphate 
with phosphorus-32 in rat liver mitochondria is more 
sensitive to decanoate than is the oxidative synthesis 
of adenosine triphosphate. This is in agreement with 
the observations reported above that the process of 
labelling of adenosine triphosphate in rat liver slices 
is more sensitive to decanoate than is oxidation of 
this fatty acid, a process which is known to be 
dependent on the continued oxidative synthesis of 
adenosine triphosphate. ‘The labelling of adenosine 
triphosphate by phosphorus-33 in rat liver slices, 
therefore, probably occurs more rapidly by the 
adenosine triphosphate~phosphorus-32 exchange re- 
action than by true synthesis of the triphosphate, and 
it is the former process which is inhibited on addition 
of relatively low concentrations of decanoate to rat 
liver slices in the presence of phosphate-**P. ° 

Incubations were carried out for 20 min. at 20° C. 
in the medium described by Dawkins et al.* with 
mitochondria equivalent to 125 mgm. wet weight of 
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Table 1. EFFEOTS OF VARIOUS FATTY AOIDS AT DIFFHRHNT CON- 
OSNTRATIONS ON THE ADHNOSINE HOSPHATEH — PHOSPHORUS-82 
EXOHANGE RHAOCTION IN ISOLATED Rar Liver MITOOHONDRIA 

Fatty 
Roid con- 

centra- 

tion. 

ima) C, Cy OG Op Cie Orr Orn Cis Ore Org Ore 
0 100 100 100 100 100 100 100 100 100 100 100 
0 112 111 118 
0-01 115 127 100 118 119 
ee 150 

02, 139 112 88 105 1465 

O8 188 189 129 112 65 106 
0-04 107 18 M 98 
0-05 204 157 54 54 116 
0-075 141 11 

0-08 38 5 66 78 
0-1 114 9 

0°15 161 14 12 $86 47 
0-3 128 58 

0-25 124 188 

0°3 164 190 178 90 165 

0-45 161 

0°65 204 160 116 652 

0°6 32 
: 0°75 105 105 

0-9 76 . 

10 198 65 39 
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rat liver tissue. Under these conditions, the exchange 
reaction, in the control vessels followed a linear course 
for a period of more than 30 min. The reaction was 
terminated by the addition of 2 ml. of 10 per cent 
trichloracetic acid to the 2 ml. incubation medium. 
The radioactivity present in the adenosine triphos- 
phate was determined as described by Dawkins et al.*. 
All figures in Table 1 refer to percentages of the 
control values obtained in the absence of added fatty 
acid and are averages of 2-6 separate determina- 
tions. The average value for the control in fourteen 
experiments was 28:0 umoles **P-phosphate ex- 
changed in 20 min./gm. original wet weight of 
liver. 

The greatest inhibitory effect on the exchange 
reaction occurs with the C,, fatty acid, the effects 
of the C,,, C1 and C,, fatty acids being approximately 
equivalent to the C,,, C,, and C,, fatty acids respec- 
tively (Table 1). This may be correlated with the 
observation of Pressman and Lardy? that optimél 
stimulation of latent adenosine triphosphatase activity 
occurs with myristic acid (C,,). 

The present results are of further interest In view 
of the recent report that the ‘U-factor’, which is 
present in normal tissues and 1s capable of uncoupling 
oxidation from phosphorylation, has the properties 
of a fatty acid’. A rapid and extensive swelling of 
rat liver mitochondria is brought about on addition 
of 3 uM oleate’. It is posmble that the increased rate 
of labelling of adenosine triphosphate in the present 
experiments at the lower concentrations of fatty acids 
(5 uAL in the case of tridecanoate) may be due to an 
increase in mitochondrial permeability to phosphate 
or adenosine triphosphate consequent upon the 
swelling of the mitochondria under these conditions. 


K. AnmEp* 
P. Q. ScHoLrerietpf 


The McGill-Montreal General Hospital Research 
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3619 University St., 
Montreal, P.Q. 
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Chemical Degradation of Canavanine to 
Canaline 


Tum biologically interesting amino-acid, canaline, 
has been obtained by enzymatic cleavage of cans- 
vanine, a naturally occurring constituent of the Jack 
beant, 

No chemical method capable of effecting this step 
has, however, been reported so far. While arginine, 
a close structural relative of canavanine, is impervious 
to acid hydrolysis, the latter undergoes cleavage to 
homoserine lactone (a-aminobutyrolactone) on heating 
with strong acids?. Canavanine, on the other hand, 
exhibits extraordinary stability in alkaline medium? 
while arginine is decomposed to ornithine by alkaline 
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hydrolysis. In view of recent interest in canaline, 
it appeared desirable to re-examine the possibility of 
chemical degradation of the commercially available 
caneavanine to canaline. 


NH, 
)C—NH—0—CH,—CH,—OHOOOH—> 
NH oer, 
Cantvanine 
NH, 
So -0+H,—-N—O—OH,—OH,—CH—COOH 
NH, ka, 
Canaline 


Accordingly, an attempt was made to force this 
reaction by vigorous alkaline hydrolysis. 1:37 gm. 
D,L-canavanine sulphate was heated with 25 per cent 
barium hydroxide for 48 hr. under refluxing condi- 
tions. The excess barium hydroxide was removed by 
addition of ammonium carbonate and filtration of the 
resulting barium carbonate. The reaction mixture 
was then evaporated to dryness in order to remove 
excess ammonia and redissolved in 100 ml. boiling 
water containing two mole equivalents of picric acid. 
The solution was allowed to cool to 35° and the 
beautifully crystalline dipicrate of canavanine (2 gm.) 
which had separated was filtered. On standing over- 
night, the mother liquors deposited a second crop of 
crystalline material (0-55 gm.) which was identified as 
D,L-canaline dipicrate, m.p. 189-191° after rearystal- 
lization from water. Analysis: cale. forC,,H.,4N,0,,: 
N, 18-92 per cent; found N, 19-0 per cent. 

Treatment of canavanine with barium hydroxide 
under refluxing conditions for five days did not im- 
prove the yield of canaline. In order to prepare the 
free amino-acid, canaline dipicrate was dissolved in 
70 volumes of hot water containing 2-5 mole equival- 
ents of sulphuric acid. The picric acid was now 
removed from the solution by two successive extrac- 
tions with nitrobenzene and ether. An excess of 
‘Dowex-3 X-4 resin (free amine form) was added 
to the colourless solution, the mixture filtered and the 
filtrate evaporated to dryness under reduced pressure. 
The residue when, triturated with isopropanol yielded 
a solid which upon recrystallization from ssopropanol— 
water gave D,L-canaline, m.p. 195-198° dec. Analysis: 
cale. for C,H,, N,O,: N, 20°89 per cent; found N, 
20-82 per cent. 

Paper chromatograms of this product obtained by 
the small-scale technique of Rockland and Under- 
wood! gave Rp values of 0-67 in the methyl-butynol- 
formic acid—water (69-5: 1: 29-5) system® and 0-78 
in the ethanol-acetic acid-water (65:1: 34) system 
and indicated the presence of a trace of impurity. 
u-Canaline obtained by enzymatic cleavage of L- 
canavanine exhibited chromatographic behaviour 
indistinguishable from that of the above product. 

- My thanks are due to Mr. J. Bush of these Labora- 
tories for the preparation of L-canaline. 
H. RINDERKNSCHT 
California Corporation, for Biochemical Research, 
3625 Medford Street, Los Angeles, 63. 
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Maintenance of «-Ketoglutarate and Succinate 

Oxidation im E-Deficient Liver Homogenates 

by «-Tocophero!l, a Tocopherol Metabolite, 
Menadione and Diphenylphenylenediamine 


Rats on a Torula yeast diet deficient in vitamin E 
and factor 3 show a metabolic disturbance in liver 
slices, termed respiratory decline, 1-2 weeks prior to 
succumbing to necrotic liver degenoration!. Dietary 
supplementation of vitamin E as well as intraportal 
injection of the vitamin prevents the disturbance, 
whereas dietary factor 3 (and also selenite) alleviates 
the decline without, however, preventing it fully. 
The effects following dietary, intraportal, and in 
vitro application of a number of antioxidants have 
been analysed. A tocopherol metabolite?! as well as 
diphenylphenylenediamine® are effective, in vitro, in 
preventing the respiratory failure of liver slices. 
While mitochondria of the deficient livers show an 
accelerated diminution of succmate oxidation in the 
presence of dinitropyridine nucleotides, homogenates 
of such livers, in previous work, did not show decline 
with glucose as substrate and optimal supplements of 
adenosine triphosphate and dinitropyridine nucleo- 
tide'. In this communication, a different homogenate 
system is desoribed which shows respiratory decline 
with a-ketoglutarate or succinate, as substrates. 
The preventive effects, in vstro, of tocopherol, the > 
tocopherol metabolite (kindly supplied by Dr. Erie. 
Simon of New York University College), menadione 
and diphenylphenylenediamine are demonstrated. 

Weanling rats of the Fischer 344 strain. were fed a 
basal 30 per cent Torula yeast diet described else- 
where’. Vitamin E was supplemented as 50 mgm. of 
D,L-«-tocopheryl acetate per 100 gm. ration. Factor 
3 was introduced by the addition of 15 ugm. per cent 
of selenium (as sodium selenite). Some controls were 
fed McOollum’s wheat casein diet*. The 10 per cent 
liver homogenates were made up in 0-25 M sucrose. 
The equivalent of 50 mgm. of tissue was added to 
2-5 ml. of a medium containing the following ingredi- 
ents: 300,umoles sodium chloride, 12 umoles potas- 
sium chloride, 40 pmoles of a sodium phosphate 
buffer at pH 7-4, and 4 umoles of magnesium sulphate. 
The final volume was 3 ml. Water-insoluble supple- 
ments were added to the medium in ethanol (< 0-02 
ml.). In a separate series increased potency of 
tocopherol was achieved by rehomogenization of the 
vitamin with the liver homogenate. The additions, 
including substrates, were added at the expense of 
the medium and amounted to no more than 0-2 ml. 

Under the expermental conditions described, 
oxygen consumption declmes by approximately 
69 per cent with «-ketoglutarate and 61 per cent with 
succinate as substrates (Table 1). This is completely 
prevented by dietary vitamin & if a-ketoglutarate is 
used. In this instance a slight, significant increase of 
oxidation is geen over the 1}-hr. incubation. It is 
important that fresh homogenates be used, since 
ageing in ice for several hours will nullify the protec- 
tive effect of dietary tocopherol, so that dechne will 
ensue. In contrast to the effect of tocopherol, 
dietary selenium is without effect in these systems. 

Supplementation, in vitro, of «-tocopherol, the toco- 
pherol metabolite of Simon e al”, menadione and 
diphenylphenylenediamine prevented the decline of 
a-ketoglutarate oxidation (Table 2). As little as 0-1 
ugm. diphenylphenylenediamine afforded complete 
protection. When added directly to the medium, 
tocopherol was required at levels of about 50 ugm. 
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Table 1. H¥FHCT OF DIBTARY a-TOOCOPHEBROL AND SELENITR ON DEOLINE OF OXIDATION 


e 
a-Ketoglatarate 





Reaults given as Netcong oxygen 
chloride, 12 zmoles potassium chloride, 
glutarate 18 substrate). Final volume ee mL 


apa p per 80-min. interval. Medium contains 40 «moles sodtum phosphate 
leg magnesiim sulphate, 60 ~moles substrate, 8 umoles diphosphopyn 


H 7-4), 800 «moles sodium 
nucleotide (when a-keto- 


* Decline = (atoms OXo-39) — atoms Oeo) atoms O(o-39)) x 100. 


t Indicates increase rather than decline. 


Table 2. Erysor OF in vuro SUPPLEMENTATION OF VARIOUS COMPOUNDS ON DEOLINE OF OXIDATION 


Substrate 


le HH eth AAR re 


» 20y a-tocopherol, itis 


$? 


» 10% tocopherol Eae 


>» 10y menadione 
50y cocnxyme 


20y a-tocopherol 1 
20y tocopherol metabchte 
207 menadione 


2y diphenylphenyienediamins 


ad ae 
n onised 


enylenediamine 





Time-interval (min) Dechne 

0-30 80-00 60-00 (per cent) 

10 105 +0656 SA4+090 82404 89 + 8 
8 102 +408 108414 5:3 +40°8 48 +3 

8 1014+412 10°77 41:2 1Il{ 1-1 19 4 8 

7 91 +405 9084+405 98410 i49 

6 105 +06 11868408 108% 11 146 

6 120406 127 +408 1841's 445b 

5 95406 100408 O-7 +13 f 2+6 

8 102 +410 76 +417 32 4Æ£0'8 69 + 3 

10 127 +407 78404 49404 Gl +4 
6 115404 99404 7O40 88 + 5 

8 119 408 111405 385+40-4 2945 

5 14-8 +407 1074038 70407 52 +2 

4 130 402 129406 O44402 28 +2 


Conditions and definitions are the same as in Table 1. 


to prevent the phenomenon, and about 20 ugm. for a 
50 per cent protective effect. Rehomogenizing of 
tocopherol with the liver homogenate produced a 
merkedly higher activity. In this case, tocopherol 
prevented the respiratory lesion completely at about 
5 ugm., and approximately 2~3 ugm. gave a 50 per 
cent effect. Whether this improvement is due only to 
& better distribution of the vitamin, to a subsequent 
activation, or to a metabolic alteration (formation of 
an active metabolite) remains to be clgrified. The 
amount of tocopherol neceasary to prevent this 
respiratory legion is much less than that required for 
other in vitro systems!’ and more nearly approaches 
physiological quantities. The other supplements 
used did not ire rehomogenization for mgximal 
activity. When added directly to the medium, the 
tocopherol metabolite of Simon, 2-(3-hydroxy-3- 
methyl-5-carboxy)-penty1-3,5,6-trimethylbenzoquin- 
one, was approximately as active as tocopherol after 
it had been rehomogenized. Moenadione, added 
directly, was approximately as active as tocopherol 
or its metabolite, in spite of the fact that the animals 
did net seem to suffer from a vitamin K deficiency 
(their prothrombin times, kindly assayed by Dr. A. 
Leitner, were normal). Coenzyme Q was without 
effect on this system. 

With succinate as substrate, the same general 
picture is found. However, even in homogenates 
from normal controls (McCollum’s wheat-casein diet) 
oxygen, consumption shows a slow decline (< 30 per 
cent), sche related to accumulation of oxalacetic 

acid’®, By dietary application of tocopherol as well 
as by addition of tocopherol, the tocopherol—-meta- 
bohte of Simon, menadione or diphenylphenylene- 
diamine to vitamin H-deficient homogenates, the 
decline of succinate oxidation is brought back from 
about 61 per cent to this level of less than 30 per cent. 
However, for these in vttro effects on succinate 
oxidation, much higher quantities*of the supplements 


were required than with a-ketoglutarate. This may 
be related to the particulate nature of the succinate 
system. 
LavrRENoE M, CORWIN 
Kraus ScHwaRrz 


Laboratory of Nutrition and Endocrinology, 
National Institute of Arthritis and 
Metabolic Diseases, 

National Institutes of Health, 
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lodination of Specific Sites on Bovine 
Serum Albumin 


SERUM albumins have been widely studied with’ 
respect to their ability to bind a wide range of sub- 
stances!-3, Of particular interest are the nature of the 
binding sites and the question of whether the same 
sites are involved in binding different substances. 
Attempts have been made to elucidate the nature of the 
binding sites by determining the effect of chemical 
alteration of the serum albumin molecule on its 
binding properties*.«. Unfortunately direct chemical 
alteration does not permit evaluation of whether loss 
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of binding is due to an alteration of the site itself or 
some non-specific alteration of the molecule elsewhere, 
resulting in either a subsequent disruption of the 
site or to a non-specific effect on the site. 

In the case of antibodies against certain haptens, 
we have been able to show conclusively that the 
antibody site itself ıs affected by iodination. This 
was done by comparing antibody activity after 
iodination in the presence and absence of specific 
hapten’. Koshland et al. have recently presented 
supporting evidence. 

We have now been able to prove that iodination 
affects the actual sites on bovine serum albumin 
which are capable of binding p-icdobenzoate ion. 
This was done by iodiating bovine serum albumin 
in the presence and also in the absence of p-iodo- 
benzoate 10on. The latter has been shown to 
be bound by bovine serum albumin’. The bovine 
serum albumin used was the ‘Pentex’ crystallized 
product. The iodination was carried out in the 
presence or absence of iodobenzoate ion in glycine 
buffer of pH 9 by adding a solution of hypoiodite 
labelled with iodme-131 in the same buffers. After 
iodination the protein solutions were dialysed against 
four changes of 10 l. of buffer at 5° over a period of 
4 days to remove unbound iodide and p-iodobenzoate 
ion. Binding of p-iodobenzoate or methyl orange to 
bovine serum albumin preparations were carried out 
at pH 8-0 in the same manner as described previously 
for binding to anti-azobenzoate antibody’. Protein 
concentration was determined by Nessler reaction. 
Binding of iodobenzoate and methyl orange was 
determined by radiolabile® and spectrophotometric’ 
methods respectively. Radioactive p-iodobenzoate 
was described previously!!. The results are shown in 
Table 1. 

When iodination was carried out in the absence of 
p-iodobenzoate so that an average of 43-8 iodine 
atoms were fixed per bovine serum albumin molecule, 
there was a marked decrease in the ability of the 
protein to bind p-iodobenzoate ion. However, when 
iodination was carried out in the presence of 0-02 M 
p-iodobenzoate to essentially the same extent, that 
is, 44-8 groups per bovine serum albumin molecule, 
the ability of the protein to bind p-iodobenzoate 
remained essentially unchanged. These resulte show 
that the part of the bovine serum albumin molecule 
which binds p-iodobenzoate ion is affected by the 
iodination process and contams an amino-acid rem- 
nant capable of being iodinated or oxidized by iodine 
since the site can be protected against alteration by 


Table 1. BINDING ACTIVITY OF IODINATHD BOVINE SHRUM ALBUMIN — 
SPECI¥IO PROTECTION OF SITHS CAPABLE OF BINDING p-IODOBBNYOATR* 


Todine 
atoms per 

Treatment of | bovine 
bovine serum serum 
albumin 


Untreated 
Todinated in 
presence of 
0 62 M lodo- 
benxonte 
Icdinated 
without pro- 
tection 





* Bovine serum albumin or iodinated bovine serum albumin con- 
centration, 2 mgm./ml. 


¢ All samples were dialysed against common outer reservoir. 
t Free iodobengxoate concentration, 1'2 x 10 M. 
$ Bree methyl orange concentration, 117 x 10 M. 
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carrying out the iodination in the presence of p-iodo- 
benzoate ion. The facts that iodinatign was carried to 
the same extent for both preparations, and that 
essentially no effect on the binding of p-iodobenzoate 
was found when iodination is carried out in the 
presence of iodobenzoate, prove that the loss of bind- 
ing power cannot be due to a non-specific effect of 
iodination on the protem molecule as a whole. 

It is of interest that the ability to bind methyl 
orange dropped appreciably and to the same extent 
(with these experimental conditions) during iodination 
regardless of whether the iodination was carried out 
in the presence or absence of p-iodobenzoate ion. 
Iodmation experiments were not carried out in the 
presence of methyl o 

The fact that the binding activity of both prepara- 
tions for methyl orange was decreased equally 
indicates that methyl orange is bound at sites other 
than those at which the p-iodobenzoate is bound, and 
is a further indication that the binding of various 
substances to bovine serum albumin does not always 
involve the same sites. 

This work was supported by a grant from the 
National Institute of Allergy and Infectious Disease, 
U.S. Public Health Service. 
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5-Hydroxyindoles in Human Cerebrospinal 
Fluids 


A MODIFICATION of the method described by 
Weissbach, Waalkes and Udenfriend! has been used 
for estimating the concentration of 6-hydroxymdoles 
in human cerebrospinal fluid. This is an estimation 
by fluorescence after protein precipitation using zinc 
hydroxide. 

The first series of observations was made 6n two 
groups of patients on ventricular drainage in a neuro- 
surgical ward. Group I of these patients (Table 1) 
were all hydrocephalic and had been previously show- 
ing high concentrations of protein in the cerebrospinal 
fluid for long periods of time. The 5-hydroxyindole 
concentrations were extremely high. Group 2, con- 
sisting of patients with a history of brain injuries or 
brain operations, had not been showing prolonged 
high protein concentrations in the cerebrospinal fluid 
and the §-hydroxyindole figures were significantly 
lower than in group 1. 

In one of the samples of cerebrospinal fluid from 
group 1 it was possible to identify 5-hydroxyindolyl- 
3-acetic acid by paper chromatography, colour 
reactions and fluorescence characteristics. Attempts 
at detecting 5-hydfoxytryptamine were made in three 
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Table 1 
e of patient Noof patients Mean concentration 
oe were 5-OH indoles ngme/ml. 
Significance 
Group 1 4 818 + 51* of differance 
Group 2 4 88 + 16 P < 0 001 


* + S.K. of the mean. 


instances with negative results (concentration < 
1 ngm./ml.). ee 

A second series of investigations is in progress on 
the 5-hydroxyindole concentration in lumbar cerebro- 
spinal fluids. A comparison has been made between 
neurological patients requiring diagnostic air en- 
cephalography and psychiatric patients suffering 
from depressive psychoses. Table 2 shows a sig- 
nificantly lower concentration of 5-hydroxyindoles in 
the latter group. 


se 2 
ean concentration 
e of patient No. of patiente Pista indoles ngm. jml. 
eurological 
patients 10 322 + 2 8" By tounes 
Depressive f diference 
psychoses 9 18-2 + 2'5 °P < 0 001 


«+ SH. of the mean. 
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Vogt, Department of Pharmacology, University of 
Edinburgh, for their help and co-operation during this 
work. 
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Detection of N-Oxides of the Pyrrolizi- 
dine Alkaloids 


Reagents for the detection of alkaloidal N-oxides 
on paper chromatograms are few and sre usually 
rather insensitive or of low selectivity. Reaction 
with acetic anhydride, which is known to produce 
highly coloured by-products with the N-oxides of 
many alkaloids', provides sensitive and charact >ristic 
tests for those of the pyrrolizidine series. 

Paper chromatograms are in acetic anhy- 
dride/benzene/petrol ether (1: 4:5 viv), hung at 
room temperature for not longer than 2 min., and then 
placed in an air oven at 90-100° C. N-oxide spots 
become fluorescent in ultra-violet light and also 
develop visible colour. 

The fluorescence is excited by ultra-violet lamps 
having maximum. emission either at 3650 or at 
2536 A.; but background fluorescence is leas with 
the former and so sensitivity is greater. Maximum 
fluorescence results after heating usually for 10-15 
min., and thereafter lessens either in the oven or at 
room temperature. N-oxides of alkaloids derived 
from” heliotridine or retronecine produce a golden- 
yellow fluorescence detectable with 2-3 ygm./om.? ; 
those of supinine a medium brown, of sarracie a 
bluish-white and of anagyroidine (after 30 min.) a 
light yellow fluorescence, all detectable at 5 ugm./em.?. 
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The visible colour becomes maximal after the same 
period of heating but is permanent. With N-oxides 
of alkaloids derived from heliotridime or retronecine, 
it is dark brown, detectable at 5-10 ugm. /om.?, Supinine 
N-oxide yields a warm brown with greater sensitivity 
and sarracine and anagyroidme WN-oxides, light 
browns with less sensitivity. 

Epilupmine N-oxide, not of the pyrrolizidine 
Reries, gives & bluish-white fluorescence and a weak 
orange-brown colour, and it is hkely that N-owiles 
of some other alkaloidal groups would also bo detect- 
able. 

A. T. DANN 


Animal Health Research Laboratory, 
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Commonwealth Scientific and Industrial 
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(+) S-Met da P Sulphoxide : an 
Inhibitor of Aspartic Acid Utilization in 
Leuconostoc mesenteroides 


THe dextro (+) form of B-methyl-Lt-cysteine 
sulphoxide has been isolated from turnips! and from 
cabbages*, and its widespread occurrence in crucifers 
has been inferred from chromatographic evidenco?.?, 
The next higher homologue, methionine sulphoxide, 
acts as an inhibitor of glutamic acid utilization by 
Lactobacillus arabinosus*.‘. This structural relation- 
ship suggested that S-methyl-1-cysteme sulphoxide 
might act as an inhibitor of aspartic acid in an 
analogous manner. The two diastereoisomeric sul- 
phoxides of S-methyl-L-cysteine ((+) and (—) 
S-methyl-L-cysteine sulphoxide) were tested as 
aspartic acid antimetabolites in Leuconostoc mesen- 
teroides. The natural isomer (+) S8-methyl-t-cysteine 
sulphoxide inhibits the utilization of aspartic soid, 
but (—) 8-methyl-t-cysteine sulphoxide has no 
measurable activity. On several counts this system 
can be contrasted with the methionme sulphoxide- 
glutamic acid system. 

L. mesenteroides (ATCO 8042) was maintained on 
liver tryptone ager between trials and on liver 
tryptone broth prior to use. The complete medium 
of Steele et al.* with the exclusion of aspartic acid and 
asparagine was used in inhibition studies. In general, 
the final volume per tube was 9 mi. and growth was 
measured by titrating the acid produced after 72 hr. 
incubation at 37° C. Over a range of 0-25 ugm. 
aspartic acid per tube-growth is linear. 

With (+) 8-methyl-L-cysteine sulphoxide, consistent 
growth inhibition was apparent from turbidity 
observations and acid measurements, whereas (—) 8- 
methyl-L-cysteine sulphoxide had no detectable 
effect. An equimolar mixture of the (+) and (~) 
forms had an activity equivalent to the (+) form 
aap 1. Brrncr oF S-ALRTHYI-L-OCYSTEINE SULPHOXIDE (A[OSO) on 

¥ Leuconostoc terovdss. 


a ere tou OF L-ASPARTIC AOID B mesen 
h figure represents the mean of | three determinations 


Molar ML of 0'02 N acid produced | Inhibition” 


Y 
cs 
(+) MCSO | (—) MOSO Ge Sat). 
08 . : 8 
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Table 2. EPPEOT OF I-ASPARAGINE AND METHYL ÖYSTEINE SULPHONH 
ON THE UTILIZATION OF L-ASPARTIO ACID BY Leuconostoc mesenteroides 


Additions Growth* 
Aspartic acid 8°88 
o acid + 2 06 
O80 
Aspartic acid + 7 52 
asparagine 
Aspartic acid + 2 83 
as e+ 
MOSO 
Asparte acid + 7 58 
OBO, 





* ML of 0 02 N acid produced in 72 hr. incubation at 87° O.; final 
volume. 10 ml. per ate. 


alone. The inhibition of growth by (+) S-methyl-L- 
cysteine sulphoxide was overcome by the addition of 
more L-aspartic acid. Some typical results which 
show the magnitude of mhibition are summarized in 
Table 1. A molar ratio of 1,000: 1 is required for 
°*54 per cent inhibition. 

In the Borek and Waelsch system’, methionine 
sulphoxide, ın 35:1 ratio, inhibits glutamic acid 
utilization to the extent of 88 per cent. In direct 
contrast to the system described in the present com- 
munication, the (—) form of methionine sulphoxide 
possesses the greater activity; however, it is only 
24 tumes as active as the (+) isomer’. 

Another difference between these two systems is 
encountered in comparing the relative activities of 
the sulphone derivatives. In the aspartic system, 
methyl cysteine sulphone has shown no inhibition at 
@ ratio of 1,000:1 (Table 2); whereas Borek and 
Waelsch® observed that methionine sulphone, m 
84: 1 ratio, gave a 72 per cent inhibition of glutamic 
acid utilization. 

With L. arabinosus the growth inhibition by 
methionine sulphoxide is completely eliminated by 
replacing the glutamic acid with an equivalent amount 
of glutamme‘. It has been concluded that methionine 
sulphoxide affects the amidation of glutamic acid. In 
the L. mesenteroides system asparagine has no growth- 
promoting effects in the absence of aspartic acid ; 
however, the different manner in which aspartic acid 
and glutamic acid are utilized may be due to differ- 
ences in the organisms. If an equivalent amount of 
asparagine is added in the presence of aspartic acid 
there is no sparing effect on the aspartic acid inhibi- 
tion by (+) S-methyl-t-cysteine sulphoxide (Table 2). 
In the L. mesenteroides system (+) 8-methyl-t- 
cysteine sulphoxide is evidently affecting some 
reaction other than the amidation of aspartic acid. 
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à 4 
Non-Identity of Triosephosphate Dehydro- 
genase of Adult Male and Nymph 
Development Stages of Triatoma 
infestans . 


Waite studying the mode of action of 2,2-bis- 
(p-chlorophenyl])-1,1,1-trichloroethane (DDT) on Tri- 
atoma infestans it was found that an tn vivo dose 
of both DDT and 3,3-bt-(p-chlorophenyl)-1,1-dichloro- 
ethylene (DDE) which inhibited triosephosphate 
dehydrogenase derived from male adult specimens 
of T. infestans was without effect on the enzyme 
derived from nymph specimens (our unpublished 
observations). This different behaviour of triose- 
phosphate dehydrogenase derived from two different 
stages in development of the same insect has been also 
observed én vitro. Extracts for enzymatic assay were 
prepared as follows. The thoraces and legs of male 
or nymph specimens were ground in a mortar with 
0-15 M potassium chloride and extracted during 
60 min. at 2°; the resulting brei was filtered 
through cheese-cloth to remove pieòes of cuticle and 
the filtrate centrifuged at 20,000g for 60 min. at 2°; 
the supernatant fluid was finally filtered through 
Whatman No. 1 paper and used as such as a source 
of enzyme. ‘Triosephosphate déhydrogenase was 
assayed as described elsewhere}. °° 

Table 1 shows that DDT or DDE added in acetone, 
at a final concentration of 2-8 x 10-§ M, produced 
26 and 28 per cent inhibition respectively of adult 
male triosephosphate dehydrogenase, while no effect 
was observed on the nymph enzyme. These observa- 
tions suggested that although adult male and nymph 
triosephosphate dehydrogenase catalyse similar re- 
actions, they may not be identical with each other. 
Evidence supporting this view was obtained by the 
use of specific antibodies. Specific antisera were 
prepared according to Freund e al.*. The anti- 
serum agaipst male adult triosephosphate dehydro- 
genase markedly mbhibited the activity of male 
triosephdsphate dehydrogenase; by contrast, the 
antiserum against nymph triosephosphate dehydro- 
genase did not affect the activity of the male enzyme, 
but strongly imbibited the activity of the nymph 
enzyme (Fig. 1). 
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Table 1. Beruct of DDT AND DDE on TRIOSMPHOSPHATH DHHYDEO- 
GHNASE AOTIVITY OF ADULT MALE AND NYMPH EXTRACTS oF 
Triatoma infestans 

Additions Male extracts Nymph extracts 
Change in optical densityimind mam. protein 

None 0-300 0 119 

DDT 0-223 0-12 

DDE 0-216 0°18 


System : 100 smolea pyrophosphate buffer, pH 8-5: 2 4 oles 
diphosphopyridine nucleotide; 10 wmoles magnesium chloride ; 
10 oles arsenate; 10 wzmoles 1-cysteine; 0-5 umole 3-phoapho-~ 
glyceraldehyde to start the reaction; DDT and DDE added in 10 ul. 
acetone, final molanty, 28 x 107° AY; 005 ml. male extract and 
0-1 ml. nymph extract: the cuvettes without DDT or DDE had 
10 ul. acetone as control; the blank cuvettes contained the game 
components as the experimental cuvettes with the exception of 
8-phosphoglyceraldehyde. Final volume, 3 0 ml. 


While studies on the effect of DDT on various 
enzymatic systems have so far failed to clarify the 
mode of action of DDT, the above observations may 
have some bearmg on the problem of the resistance 
towards DDT’, since adult male specimens of T. 
infestans are quite susceptible to DDT, whereas 
nymphs are relatively resistant. 

This work was supported by grant H-2300 of the 
Division of Research Grants and Fellowships of the 





\ 





no 4730 June 25, 1960 NATURE 1053 
i Table 1. OXYGEN CONSUMPTION AND UBIO AOCID FORMATION FROM 
XANTHINE IN THE TISSUES (6TH INSTAR) 
Pz Uric acid formation 
: 2 eak 
& 
& 
E 
ti 
Pa 
me 
a 
Ps 
0-2 9-4 0-8 0-8 For the aerobic measurement**, 1 ml. of the tissue 
Antiserum/cuvette (ml) homogenate was added to the main compartment of a 


phosphate puffer, pH 8 5; 2-4 umoles 
oride , 


ot pee senate nucleotide; 10 pest a magnesium r 
ympi ex- 


eee ene o 046 per min. 

e presence of yanable 

antiserum, as nea doce min, at room tam- 

perature (26°) and then the rea cbicn sta started by the addition of 

5 pore Ole E-phosphogiyceraldenydo: Adequate controls with 
serum were carried out. Final volume, 8-0 mL 
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Xanthine siege Soa Sa aa in the Silkworm, 
ombyx mori L. 


ALTHOUGH considerable amounts of uric acid have 
been demonstrated in the silkworm larve, Bombyx 
mori'#, very little is known about the intermediary 
purine metabolism in ingects**. In the formation of 
uric acid it ıs the xanthine enzyme system which 
catalyses the oxidation of purine derivatives xgnthine 
and hypoxanthine to the acid. 

Recent studies on purine metabolism’ have dis- 
closed that the xanthine enzyme system in the silk- 
worm moth behaves as dehydrogenase just like that 
of chicken liver’. It is highly probable that in the 
silkworm xanthine dehydrogenage plays an active 
part in uric acid formation. 

The experiments described here were performed to 
establish the principal sites of xanthime dehydrogenase 
activity of the various organs and tissues in silkworm 
larve, demonstrating the existence of purine meta- 
bolic systern. 

Samples of the insect tissues were dissected out and 
wished to free them from adhering particles, and 
after removing the water with filter paper the tissues 
were weighed, then homogenized in 0:1 M pyrophos- 
phate buffer (pH 8-3) to obtain 10 per cent homogen- 
ate. 

As the xanthine enzyme catalyses the oxidation of 
xanthine by molecular oxygen and by other hydrogen 
acceptors such as methylene blue, both the aerobic 
manometric method and the anaerobic Thunberg 
method are suitable for the measurement of the 
enzyme activity. ° 


Warburg flask containing 0-2 ml. of either distilled 
water or methylene blue (0:0113 M), the side arm 
and centre well of which carried 0:3 ml. of 0:025 M 
xanthine solution in 0:005 M sodium hydroxide and 
0-2 ml. of 20 per cent solution of potassium hydroxide 
respectively, making the total fluid volume 1-7 ml. 
Oxygen uptake was measured manometrically at 37° 
C. with air as gas phase. Xanthine solution in the 
side arm was tipped in after 10 min. temperature 
equilibrium. Readings were taken every 10 min. for 
60 min., and thereafter the reaction mixture was 
adopted to estimate the uric acid formation by 
Brown’s methods’. 

For the anaerobic measurement?*1", the enzyme 
activity in the tissues was measured using the 
anserobic reduction of the colourless dye 2,3,5-tri- 
phenyl tetrazolium chloride in a Thunberg tube. 
The reaction was carried out by mixing the following 
solution (maintamed at 37° C. for 40 min.): 1 ml. of 
0-1 M pyrophosphate buffer (pH 8:3) and 1 ml. of 
tissue homogenate in the body of Thunberg tube, 
and 1 ml. of 10° M 2,3,5-triphenyl tetrazolium 
chloride sohition and 1 ml. of xanthine (0-025 M) in 
the side arm. The reaction was stopped by 0:2 ml. of 
20 per cent trichloroacetic acid, and the enzyme 
activity was expressed in optical density of the red 
formazan extracted with ethyl acetate. 

Table 1 shows the xanthine dehydrogenase activity 
of the various tissues. The result clearly was demon- 
strated that the enzyme activity occurred ın the 
digestive organ, Malpighian tube and fat-body 
preparations with methylene blue, but not without 
methylene blue. 

However, little or no activity could be detected in 
the integument and blood with or without methylene 
blue. The enzyme activity of fat body was high in 
comparison, with that of the digestive organ and 
Malpighian tube. Further, the tissue preparations de- 
scribed above could transform xanthine into uric 
acid only when methylene blue was used as hydrogen 
carrior. It is suggested that the enzyme in larve, like 
that of the suikworm moth, is essentially of dehydro- 
genase nature rather than oxidase. 

The rate of reduction of 2,3,5-triphenyl tetrazolium 
chloride using xanthine as substrate is presented in 
Table 2. The result indicates that the homogenate 
from the digestive organ, Malpighian tube and fat- 
body reduced the 2,3,5-triphenyl tetrazolium chloride, 
except that from blood and integument. Xanthine 
dehydrogenase activity in these tissues is in general 
agreement with the experiment shown in Table 1 
with methylene blue, using an serobic procedure. 

The 2,3,5-triphenyl tetrazolium chloride used in a 
Thunberg tube was demonstrated to be a satisfactory 
receptor of the xanthine dehydrogenase system in the 
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Table 2. BBDUOTION oF 2,3,5-TRIPHENYL THTRAZOLIUM CHLORIDE 
BY TAM XANTHINE DEHYDROGENASE IN THA TISSUES (5TH INSTAR) 





sukworm. The name of xanthine oxidase in chicken 
liver has been proposed as xanthine dehydrogenase 
by Remy, Richert and Westerfeld’, only because 
the catalysis from xanthme to uric acid reacts more 
slowly with molecular oxygen than with mothylene 
blue. Thus, m addition to the previous result rt is 
further substantiated that the xanthine enzymo 
system in the silkworm ig of a dehydrogenase 
character. 

I wish to express my thanks to Prof. K. Hasegawa 
Sericultural Laboratory) and Mr. A. Yoshida (Food 
and Nutrition Laboratory) for valuable advice and 
help throughout this work. 
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Body-W eight and Age in Relation to the 
Metabolic-Rate of the Young Pig 

aN animal’s maturity at birth is manifested in 
part by its degree of dependence on its environment, 
and by its changes in metabolic-rate with age as 
distinct from changes caused by its increasing size 
and varying body temperature. Some animals tend 
towards poikilothermy in the period immediately after 
birth, while others are only weakly homoeothermic?. 
Mount? has shown that new-born pigs, on the 
other hand, of ages from 1 hr. onwards, react to 
exposure to a temperature of 4° C. with a marked 
rise in metabolic-rate, thus showing characteristics 
of the adult homcotherm. Mount’s findings, how- 
ever, were not in agreement with those of Holub, 
Forman and JeZzkovaé‘, who concluded that thermo- 
genesis in response to cold does not begin to appear 
in the young pig until the ninth day after birth. 

The question to be considered here is whether 
oxygen, consumption varies with age independently 
of concomitant changes in body-weight. Holub, 
JeZkové and Forman’ have found oxygen consump- 
tion per unit body-weight to be closely correlated 
both with age and with body-weight. Because of the 
high correlation between body-weight and age, 
however, it is necessary to consider these variables 
simultaneously to determine whether oxygen con- 
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Table 1, PARTIAL REGRESSION COHFFIOIENTS AND THRIR STANDARD 
ERRORS FOR LOG (TOTAL OXYGEN CONSUMPTION ML, PHE MIN.) ON 
TOG (BODY-WHIGHT), RECTAL THHPERATYRE, AND AGH 


Rectal 
tem ture 


0-8610 +0 064 | 0:157+4-0 036 
O 66240 186 | 0 10540 029 
O 884 +0 083 | 0 15040 038 










log 
(body-weight, Age (hr.) 
kgm.) 


0-000748 -+0 000408 
0 -001106 +0 -000763 
—0 000872 +0 000126 













sumption varies with age independently of body- 
weight. In interpreting the results of the experiment 
described below, therefore, multivariate regression 
analyses? were used so that the relation with age 
could be studied when body-weight was held constant ; 
variations in rectal temperature were also taken into 
account. 

The experiment involved 98 pigs in the first five 
weeks after birth. Oxygen consumption was used as 
the index of metabolic-rate and the investigation, was 
carried out on three groups of pigs, differing in respect 
of the ambient temperature for the measurement, and 
age; these groups will be referred to aa 30° O. first 
week, 4° C. first week and 30° C. 1-5 weeks. Log 
(total oxygen, consumption per min.) was examined 
in relation to age, rectal temperature and log (body- 
weight). The partial regression coefficients and their 
standard errors for each of the three variables ‘kre 
given in Table 1, and the expressions for oxygen 
consumption-rates for single animals are given below 
for the three groups (1) 30° O. first week, (2) 4° C. 
first week and (3) 30° C. 1-5 weeks : 


(1) 0-0442 B. W700 90 1872 F. g0 000748 age 
(2) 0-7134 B.W .9 562 g0 5K g0 001106 age 
(3) 0-0598 B. W088 g0 1508 F. g—0 000372 age 


where B.W.. = body-weight (kgm.) and R.T. =rectal 
temperature (°C.); oxygen consumption-rate was 
measured in ml./min. and age in hours. 

The relatfve effects of body-weight and age on 
oxygen obnsumption have been examined by cal- 
culating from the above expressions the effects of 
differences in body-weight for pigs of a given age, and 
the effects of differences in age for pigs of a given 
body-*eight (rectal temperature was held constant at 
39° C. in all cases). The age-weight regression shows 


Table 2 (a). riti OF DUFYERENOCES IN BODY-WKIGHT ON OXYGEN 


NSUMPTION OF PIGS AT A GIVEN AGE 


30° O, firat week | 3 days 


4° ©, first week | 3 days 
30° C, 1-5 weeks | 3 weoks 





Table 2 (b). Eyysors oF DIFFERENCES IN AGE OK OxycEN Cox- 
SUMPTION OF PIG8 OF A GIVEN BODY-WHIGHT; THN AGB DIVFERENONS 
USED CORRESPOND TO THE WHIGHT DI¥FERHNOBS IN TABLU 2 (a) 


Body- 


weight Age Differ- 
(constant) (mL/min.) ences 

80° O. first week | 1 69 kgm. | 2 days 20-0 
4 days 30 +1 1-1 

4° O. first week | 1-88 kgn | 2 days 60 +7 
4 days 64 0 3-8 

30° 0. 1-5 weeks | 4-75 kgm.] 2 weeks 53 8 
4 weaks 47 °4, — Bd 
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that during the ‘period between 2 and 4 days after 
birth, body-waight increased from 1:50 to 1:86 kgm. 
(mean = 1-68 .). Thus the difference in oxygen 
consumption between 3-day-old pigs of weights 1-50 
and 1:86 kgm. was compared with the difference in 
oxygen consumption between pigs aged 2 and 4 days 
but the same weight, 1-68 kgm. A similar procedure 
was adopted for the older pigs (1-5 weeks). The 
_ results of these calculations are given m Tables 2a 

and 2b and show that differences in body-weight had 
at least double the effect on oxygen consumption of 
corresponding differences in age. Indeed, during the 
first week, it is not certain whether age affected oxygen 
consumption at all; the individual partial regression. 
coefficients for the first two groups shown in Table 1 
were not significant but, taken together, there is a 
suggestion that oxygen consumption increases slightly 
with age (body-weight and rectal temperature fixed). 
From 1 to 5 weeks, the reduction in oxygen consump- 
tion with age (body- weight and rectal temperature 
fixed) was significant; possible reasons for this 
comparatively small effect will be discussed im a later 
paper. 

As a result of this experiment, 16 appears that the 
changes in the oxygen consumption-rate of the young 
pig with age are of only minor importance when 
body-size and body-temperature changes have been 
taken into accdunt. This conclusion considered in 
ec@njunction with the vigorous metabolic response of 
the newly born pig to cooling of ita environment 
reported by Mount? suggests that thermogenesis is 
well developed at birth. 

We are indebted to Dr. J. H. Gaddum for discussion 
of the statistical analysis of this investigation. 
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Determination of Small Rapid Volume 
Changes in a Muscle during Activity 


A METHOD has been developed for measuring small 
rapid volume changes occurring in @ muscle during a 
singlo twitch. In order to achieve the necessary 
sensitivity and speed of response, a capacitance 
transducer has been developed which uses & com- 
mercially available detector-amplifier circuit (the 
‘Dynagage’, from Photocon Products). The changes 
are displayed on a cathode-ray oscilloscope. Single 
gastrocnemius and gsartorius muscles from Rana 
pipiens are used. 

Following a stimulus appled through a multi- 
electrode assembly, volume changes occur after 4 
short latent period. An mitial apparently small 
increase in volume precedes the main decrease of 
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Fig. 1. Reoord of volume changes at 18° O., in single frog sartorius 
muscle, he m is held {sometrically at reference enpas 
and 1s stimulated with a single shock, 6 stimulus point is 
indicated below the volume record. Each large divimon represents 
20 msec. on the abscissa and 0 8 x 10-* o.o. on the ordinate. 
Uncorrected for delay 


volume (Fig. 1), which is about 1:6 x 10-® c.c./gm. in 
gastrocnemius and 5 x 10-* c.c./gm. in gartorius 
muscle. 

Analysis to correct for delays in the chamber using 
& step-function volume-change from a loudspeaker 
coil movement showed that the early increase 18 
actually almost as large as the later decrease in 
volume, and has almost the same time course as 
latency relaxation (Sandow, 1944) and as early 
transparency changes in a twitch (D. K. Hill, 1953). 

The increase in volume is rapidly reversed and the 
maximum decrement m volume is reached appre- 
ciably before the peak of isometric tension. At the 
end of relaxation a decrease in volume persists 
(Fig. 1), and at 0° C. almost no volume recovery 
occurs in sartorius muscle. It therefore seems 
unlikely that these volume changes result from 
internal pressure changes due to muscle tension 
(A. V. Hill, 1948), and perhaps the time course of 
decrease in volume reflects that of the developing 
active state. 

In view of the continuing inability to demonstrate 
chemical changes during a single contraction, it may 
be well to re-estimate the information, which measure- 
ments such as volume and opacity changes can pro- 
vide, on the events both of the excitation coupling 
and on protein organization in contraction. 


B. Œ. AsBorr 
R. J. BASEN 


Department of Zoology, 
University of California at Los Angeles. 


HAEMAT OLOGY 


A Hemoglobin-binding §-Globulin in 
Human Serum 


A NUMBER of human serum proteins have the 
property of forming definite compounds with hæmo- 
globm. The term haptoglobin has been applied to 
them by Jayle1.?, who was able to isolate them by 
salt fractionation and characterize them as «,-glob- 
ulins by electrophoresis. In several studies using paper 
electrophoresis, hemoglobin-binding proteins have 
been detected in the a, region. Hemoglobin has also 
been found in the §-globulin region, especially when 
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large amounts are present, but since free hemoglobin 
itself migrates as a f-globulin, ıt has been assumed 
that this represents uncombined hemoglobin. Neale, 
Aber and Northam? found that a discrete band in the 
6-globulin region reacted with benzidine reagents, but 
did not appear to be free hmmoglobm. They sug- 
gested that a B-globulin binds hæmoglobin as well as 
an. &-globulin. 

The technique of immuno-electrophoresis* has 
certain advantages in investigating the problem since 
the effect of free hamoglobin may be largely ruled out. 
After the anti-serum diffusion stage, excess protem. 
was removed by washing the agar extensively with 
water and the preparations stamed for hmmoglobin 
with benzidine, using sodium nitroprusside as a 
stabilizing agent’. Two lines stained blue with 
benzidine, one in the a, region and one in the 6 region 
(Fig. 1). The a, line can just be seen to be doubled 
in gome individuals. Combination with hæmoglobin 
dees not noticeably affect the electrophoretic mobility 
of these components, since the same lines can be seen. 
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Fig. 1. 
Each serum contamed 200 


blue with benzidine are marked a and 8 


in the same place in hemoglobin-free serum. The æ, 
line or lines appear to correspond with the now well- 
known haptoglobins 1 and 2 of Smuthies*, while the 
fact that only two lmes can be detected lends some 
support to the hypothesis of Allison’ that thonumerous 
haptoglobins found in some individuals by starch-gel 
electrophoresis are polymers, either of the type 2 
haptoglobin with itself or with type 1. 

The line in the 8 region cannot be due to free 
hæmoglobin, both because it is readily seen in serum 
which contains no hæmoglobin and because hemo- 
globin itself gives no precipitin line with the anti- 
serum used (horse anti-human serum, Institut 
Pasteur, Paris). Burtin et al.* have reported that on 
storage the «,-haptoglobins become transformed into 
a component with 8 mobility. The hæmoglobin- 
binding §-globulin detected in immuno-electrophore- 
sis does not represent this converted form of the 
«,-haptoglobin since it is present in fresh serum. 
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Immunocelectrophoreeis patterns of four different sera after benzidine staining. 
mgm. he bin per 100 ml, The two lines which atalned 
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Furthermore in, very old sera the a,-haptoglobin has 
a much lower electrophoretic mobility, than in fresh 
sera, but gives a precipitin are quite “different from 
that shown by the hamoglobin-binding 8-globulin. 
It is possible that the 6-globulmn-antibody complex, 
when formed in the presence of free hæmoglobin, is 
capable of binding it, while the 8-globulim alone does 
not. Other ares formed in the presence of free 
hemoglobin do not show binding, however, and ıb is 
most unlikely that this was the source of the benzidine 
staining found. 

These results suggest strongly that there is a 
B-globulin in human serum capable of binding 
hemoglobin, in addition to the well-known a,-globu- 
lins. Studies in which moreasing amounts of hemo- 
globin have been added to serum indicate that the 
6-haptoglobin has a lower affinity for hemoglobin 
than the «,-haptoglobins, and it does not start to 
bind hæmoglobin until the a,-haptoglobin is substan- 
tially saturated. It has been detected in each of 
thirty sera and two cord sera so far examined, and 
unlike the «,-haptoglobins it does 
not show marked mdividual varia- 
tion, at least by this technique. It 
is not transferrin, since it forms an 
arc just inside that of transferrin in 
immunoelectrophoresis. However, 
its electrophoretic raobility on paper 
and in starch gels, solubility jn 
ammonium sulphate (just soluble 
in half saturated) and its behaviour 
on ion-exchange cellulose columns 
are all closely similar to those of 
transferrin. 

Although the 8-globulin described 
appears to have a much smaller 
capacity for hæmoglobin than the 
a,-haptoglobins, which are un- 
doubtedly the major haptoglobins 
quantitatively, its existence should 
be taken into account m determ- 
immg the hemoglobin-binding caps- 
city of serum; some existing 
methods appear to exclude it. It 
may also take a significant physiol- 
Ogical role in those individuals who 
normally have a very low level of 
&,-baptoglobin. In one such case 
the §-haptoglobin was present but 
did not appear to be elevated. 

I am much indebted to the 
British Empre Cancer Campaign 
for financial support and to the Photographic 
Department for Fig. 1. 
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Fibrinogenolysis in Joints 

THe following observations were made in the 
course of an investigation into the reasons for the 
apparent failure of blood to clot when shed into 
synovial joints. 

Growing rabbits, 3—4 months old, were used. 
Plasma was prepared from oitrated blood (two 
volumes 3:8 per cent sodium citrate to eight of 
blood). Vetermary nembutal was used as anssthetic. 
The rabbit’s knee joint was injected with plasma until 
full (2-0-2-5 ml.). A control specimen was placed in 
a siliconed tube in a water-bath at 37°C. At pre-set 
intervals 0-25-ml. samples of fluid were asprrated for 
fibrinogen estimations. At the end of the experument 
the animal was killed by excess nembutal or bleeding. 
The knee jomt was then opened, free fluid collected 
and clots thoroughly searched for. Any clot found 
was retained for estimation of fibrin content. 

Fibrinogen estimations were carried out in duplicate 
using King’s Nesslerization method! modified only by 
the use of thrombin (Maw’s, 10-20 units) to preci- 


pitate the fibrin instead of simple recalcification. The . The presence of plasmin activators in joint tissues has 


duplicate results were averaged. Plasma clots 
recovered from the joints were washed in saline once, 
and ın distilled water three times, with firm expression. 
of the contained fluid between glass slides at each 
stage. The fibrin content was estimated by Nessleriza- 
tion. 

° he findings in fifteen experiments are exemplified 
in Fig. 1. The fibrinogen-level falls to zero in 1—14 hr. 
Plasma incubated tn vitro shows no fall or only a 
relatively shght drop in fibrmogen-level over the 
same period. 

Recovery of the full volume of plasma injected was 
not achieved, about half leaking out of the joint during 
the experiment. In three experiments no clot was 
found ın explormg the joint. Analysis of the residual 
clot when present in no instance revealed enough 
fibrin to account for the observed fall of fibrinogen- 
levels in the volume of fluid recovered, let alone in 
that injected. In the experiment illustrated 0-33 mgm. 
fibrin was recovered from the joint as clot., The loss 
of fibrinogen observed in the volume of fluid’recovered 
was equivalent to 1 29 mgm. fibrin. As fibrmogen 
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Fig. 1. Ffbrinogen-levels of citrated plasma in the knee joint of 
the rabbit ° 
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was lost almost certainly from a greater volume of 
plasma than that recovered by aspiration, the total 
fibrinogen to be accounted for is greater than this 
figure. 

Although it was difficult to avoid the entry of 
thrombin and the formation of small clots, it seemed 
that the greater part of the fibrinogen in the jomt 
was destroyed by lysis. 

In further experiments it was found that fibrino- 
genolysis does not occur in the dead anımal; it is 
much slower in fully grown animals than in the 
young ; it is completely inhibited by heparin (5 units/ 
ml.) and is inhibited by crystalline soya bean trypsin, 
inhibitor at a concentration of 1 mgm./ml., but not 
at 0-13 mgm./ml. 

These experiments suggest that, in contrast to most 
in viro experiments, tn vivo conditions may exist in 
which fibrinogenolysis occurs quite rapidly while, at 
the same time, fibrinolysis occurs but slowly, 1f at all. 
The possibility that fibrmogenolysis is caused by the 
activation of plasmin is supported by the observed 
inhibitory effects of heparin and soya bean inhibitor. 


already been reported*.®. 

Intra-articular fibrinogenolysis could be one factor 
responsible for the partial failure of blood to clot 
when shed into synovial joints. 


A. J. HARROLD 


Institute of Orthopaedics, 
Royal National Orthopaedic Hospital, 
Brockley Hill, Stanmore, 
Middlesex. 
1 King, E. 


ibaa) J., “Microanalysis in Medical Biochemistry” (Churchill, 
a Astrap, T., and Sjolin, K. E., Proe. Soc, Exp. Biol., N.Y., 97, 852 
* Lack, C. He, J. Bone Jt. Surg., 41 B, 384 (10569). 


HISTOLOGY 


Localization of Amino-acids for Histo- 
chemical Estimation 


SERRA! attempted to determine total amino-acids 
in frozen tissue sections with alloxan and ninhydrin. 
However, the coloured products . diffused rapidly 
from their original sites so that localization was not 
possible. Other methods have also been found to be 
unsatisfactory for the same reason?.*, Certain amino- 
acids have been successfully fixed in stiut.45, but these 
probably cannot be used as a reliable indication of 
total amino-acids m the tissues. 

To circumvent the above difficulties, the folowing 
method was developed which prevents diffusion 
of the acids and their ninhydrin products from 
ther original sites. Kill, dehydrate and fix the 
tissue with anhydrous, peroxide-free dioxane (1,4- 
diethylene dioxide). Be sure that the dioxane 
is entirely peroxide-free because even traces of 
peroxides depress colour development. Fix the 
tissue in three changes of dioxane under partial 
vacuum over a period of 24 hr. or longer, depend- 
ing upon the size of the piece of tissue. Clear in steps 
with mixtures of dioxane and chloroform to pure 
chloroform. Infiltrate with ‘Tissuemat’. Section 
to desired thickness and mount adjacent sections on 
duplicate slides covered with a thin film of Haupt’s 
adhesive®.’?.. Duplicate slides containing adjacent 
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sections are necessary to distinguish between the 
relative contribution of protein and free amino-acids 
to the overall colour density after the ninhydrin 
reaction. Deparaffinize the sections in two changes 
of xylol. For determining protein only, dissolve out 
the amino-acids on one slide by taking the slide 
through absolute ethanol to 70 per cent ethanol and 
then to dioxane. For total amino-acids plus protein, 
take the second slide directly from xylol into dioxane. 
Change the dioxane once, and after 5 min. allow the 
shde to stand for 2 min. in a 1 per cent solution of 
ninhydrin in dioxane. Drain off the excess solution 
and place the slide in a covered Coplin jar preheated 
to 100°C. and containing a little ethanol at the 
bottom to keep the atmosphere in the jar saturated 
with ethanol. Develop the colour for 45 min. in an 
oven at 100°C. Take care that the sections are not 
immersed in the ethanol since this results in diffusion 
of the ninhydrin products. Clear the sections in 
two changes of xylol and mount in Fisher ‘Per- 
mount’. 

The colour density of one cell or a group of cells 
is determined microphotometrically with a simplified 
apparatus of the type used by Pollister and Moses®, 
using a 570-my. filter. Measurements may be made 
at any time up to 24 hr. After 24 hr. the colour 
produced by amino-acids begins to fade; but that 
produced by protein is stable for 7 days or longer 
(Fig. 1). 

The relationship between colour density and con- 
centration was determined with glycine to test the 
feasibility of the procedure. Glycine solutions at 
200, 400, 600 and 1,000 p.p.m.-were prepared. 
Sections were deparaffinized and the endogenous 
amino-acids were removed with 70 per cent ethanol. 
The slides were drained thoroughly, air dried and 
then the sections were infiltrated with glycine at 
each of the above concentrations. The glycme was 
then fixed m the tissue with dioxane and taken 
through the whole procedure. The amuno-acid 
concentration, was determined in cortical and pro- 
cambial cells, along with comparable control sections 
containing only protein background. The values after 
correction for protein background are plotted in 
Fig. 2. The results show that the optical density 
after correction for protein background is directly 
proportional to the amount of amino-acid in the 
infiltrating solution. 
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reaction product and the concentration of glycine in the solution 
added to tomato root sections. Infiltra g and reaction 
procedures are described in e t 


Since tissue sections contain a mixture of amino- 
acids in different proportions, and ninhydrin products 
with different extinction coefficients at 570 my, 
standards cannot be calculated directly to determine 
actual amounts in the cells. However, protein and 
amino-acid concentrations in different cells and tissues 


within the same section can be compared. eae 


HELEN M. NOTOVNY 
Roper G. OWENS 


Boyce Thompson Institute for Plant Research, Ine., 
Yonkers, New York. 
May 3. 
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* Rasch, B., and Swift, H., J. Histochem. Cytochem., 8, 4 (1980). 
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PATHOLOGY 


Precipitating Antibody in Trypanosomiasis 
of Cattle and Other Animals 


PREOIPIPATING antibody has been demonstrated in 
sera from animals which have been infected with 
trypanosomes, or given a course of injections of 
material of trypanosome origin, by means of a 
modified technique of double diffusion in agar gel!. 

Plates were prepared to a depth of 3-4 mm. from 
l per cent New Zealand agar in 0-85 per cent saline 
contaming 0:02 per cent sodium azide, and wells 
6 mm. in diameter were cut and lined with a thin 
fim of agar. The distance between centres of 
adjacent wells wag varied from 9 to 11 mm. to suit the 
system being investigated. Plates were left on the 
bench at room temperature (20—28° C.) and the wells 
were refilled at 24 hr. if necessary. Precipitation 
was usually present at 24 hr. and maximum in 
4 days. 

Antigens have been prepared from Trypanosoma 
vwar, T. brucei and T. gambiense. osomes 
were separated by*centrifugation from citrated blood 
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Fig. 1. Examples of precipitation patterns obtained at 24 hr. with 
T., vivax antigen reacting with sera from infected animals and 
normal (uninfected) controls. a, T. vivax antigen (TVA) t 
zera from an infected N’dama (Nd. 8), an infected Zebu (Z.4), a 
normal bovine (V8) and a normal rat (NR). b, The same antigen 
rea with sera from two other infected animals, an old 
ed N’dama (Nd,2) and a Zebu with a chronic T. moar 
infection (27.8); the same controls as above are also included 


of rats showing massive infections. Al traces of rat 
serum were removed by repeated washmg with 
0:85 per cent saline. Two volumes of sale were 
added to one volume of packed, serum-free trypano- 
somes and the suspension was shaken for 30 min. 
e V th glass ballotini (No. 12) in a Mickle dismtegrator. 
The cellular debris in the homogenate thus obtained 
was deposited by centrifugation and the concentrated, 
opalescent supernatant used as antigen. A satisfac- 
tory antigen from trypanosomes of the congolense 
group has not yet been successfully prepared. 

Serum samples from infected Zebu and N’dama 
cattle have given positive reactions; sera from 
uninfected cattle have been, consistently negative. 

The period between the begmning of & parasitemia 
and the appearance of precipitating antibody to 
T. vivax antigen has been determmed in four instances. 
Two calves, a Zebu (Z.1) and an N’dama (Nd.1) when 
first infected by Glossina morsttan# caryying a mixed 
infection of T. wwax and T. congolense, showed 
precipitating antibody 25 and 39 days respectively 
after trypanosomes appeared in the blood. Serum 
from a Zebu bull (Z.2) which was exposed to the same 
challenge contained antibody after 21 days of 
parasitemia. An old N’dama bull (Nd.2) which had 
not been exposed to infection for æ period of 2 years 
and showed no chronic infection was rechallenged ; 
antibody appeared after 11 days of parasitemia. ° 

After treatment of the infections with ethidium 
bromide, antibody disappeared from the serum of the 
calves Z.1 and Nd.1 in 28 days. Preorpitating 
antiBody may persist in the serum of an infected, 
untreated animal even when no trypanosomes can be 
found m the peripheral blood. The serum of a Zebu 
bull (Z.3) which showed clinical signs of trypanoso- 
miasis in the form of emaciation, enlarged superficial 
lymph nodes and ansemia, consistently gave a strong 
reaction with T. vivax antigen over a period of 
8 months. T. vivax has been detected in the blood of 
this anz:mal in only seven of the wet films examined 
daily throughout this period. The sporadic parasit- 
emia, persistence of antibody and the observed 
clinical signs correspond closely with the findings of 
Fiennes’ ın cryptic trypanosome infections. 

Great variation in the pattern of precipitation 
occurs ın the reactions of sera from individual cattle 
with antigen obtained from a single source. Fig. la 
illustrates the reaction betwee sera from a Zebu 
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(Z.4) and an N’dama (Nd.3) and T. vivax antigen. 
Both animals have been repeatedly exposed to 
tsetse flieg carrying a mixed trypanosome infection at 
intervals during a period of 2 years and are still 
suffering from trypanosomiasis. They_have been 
treated several times with ethidium bromide when 
dangerously ill. Fig. lb illustrates the reaction 
between the same antigen and the serum of the 
re-chalienged N’dama (Nd.2) which now has a T., 
congolense infection and the serum of the Zebu (Z.3) 
which has @ pure chronic T. vivax infection. The 
differences shown may be due either to the species of 
infecting organism or to the previous history of the 
animals or to breed peculiarities. 

Antibodies in the serum of an animal with a pure 
infection have been shown to react with antigenic 
material from several species of trypanosome. In 
these, cross-reactions the lines of precipitation are 
characteristically reduced in number, less distinctly 
defined, and may take longer to reach maximum 
development. 

Serum samples from experimental rabbits, a horse 
and a duiker have also given positive results after 
pre-infection samples were negative. Precipitating 
antibody has been detected by this method in three 
out of five cases of human sleeping sickness caused 
by T. gambiense. This work is being continued and 
extended. 

I am grateful to several of the senior staff of this 
Institute for their help: to Dr. K. C. Willett for his 
constructive criticism, +o Drs. J. Williamson and 
R. 8. Desowitz for technical advice and encourage- 
ment and to Dr. L. E. Stephen for sera from several 
of his experimental animals. 

` A. R. Gray 


Veterinary Section, : 
West African Institute for 
Trypanosomiasis Research, 
Vom, 
Northern Nigeria. 


1 Mansi, W., J. Comp. Path., 67, 297 (1957) 
* Fiennes, R. N. T.-W., Ann. Trop. Med. Parast., 44, 222 (1950). 


Non-Protein Sulphydryl Group in the 
Original Strain and Sub-line of the 
Ascites Tumour resistant to Alkylating 
Reagents 


I mavs succeeded in establishing resistant variants 
of the Yoshida ascites sarcoma and ascites hepatoma 
(AH 13 and AH 7974) to methyl-bts-(8-chlorethyl)- 
amine N-oxide, one of the alkylating agents, by 
passing tumour cells through animals treated with the 
reagents!. These resistant variants were proved to 
be cross-resistant to the other alkylating reagents, 
but not cross-resistant to the unrelated reagents*. 
Furthermore, no difference could be detected in 
cytological features of tumour cells between the 
original and resistant sub-lines. Details concerning 
the biological properties of these resistant sub-lines 
are to be found in previous papers'!~*. The mechanism 
of development of resistance to this reagent is not yet 
clear. However, it is well known that nitrogen 
mustard inactivates sulphydryl groups. Also a 
preferential affinity of methyl-bis-(B-chlorethyl)-amine 
N-oxide to sulphydryl groups has already been 
reported by Torigoe* and Ishidate*. From this point 
of view, I attempted to study the non-protein 
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Table 1. CONTHNT OF, NON-PROTBIN SULPHYDRYL GROUP IX THR 
ORIGINAL STRAIN AND ANT SUB-LINE OF THW YOSHIDA ASOITRA 
SARCOMA AND ASOITES HEPATOMA 


aM per gm. based on wet welght* 


-| Mean + S.E. | Mean + S.K. | Mean + S.E. 


Origina 2-64 +027 | 8-11 4031 | 3 96 + 0-48 

Reststant sub- 

line 6 71 +048 | 5:31 +0380 | 5 58 + 0-82 
| Probability | 


* Each value indicates average of nine rate. 





sulphydryl content of tumour cells in the original 
strain and resistant sub-line. 

In this work, the Yoshida ascites sarcoma, AH 13, 
AH 7974, and their resistant sub-lines were used. 
wll these resistant sub-lines were successfully trans- 
mitted in the absence of the reagent. <A total of 
54 rats of mrxed breed and weighing about 130 gm. 
were used, each receiving an intraperitoneal inocula- 
tion of 0-5 c.c. of undiluted tumour ascites in the state 
of nearly pure culture, that is, the tumour cells of each 
original strain or resistant sub-line were inoculated 
into rune rats respectively. They were highly sus- 
ceptible to these tumours. The tumour ascites were 
withdrawn from the peritoneal cavity when the 
state of nearly pure culture after inoculation with the 
tumour was reached, washed immediately with saline, 
and centrifuged for 3 min. at 3,500 rev.jmin. Tumour 
cells thus obtained were weighed, and with the use of 
about 500 mgm. of tumour cells in wet weight, 
non-protein sulphydryl group was determined accord- 
ing to the amperometric method described by Weiss- 
man eb al.* and Goldzieher et al.’. 

Results are shown in Table 1. A difference of 
mean value between each original stram and its 
resistant sub-lme was tested statistically. The 
average content of non-protein sulphydryl in the 
original strain of the Yoshida ascites sarcoma was 
2-54 umoles/gm. and that ım the resistant sub-line was 
5-71 umoles/gm.; that is, the average content in the 
resistant sub-line was more than twice that in the 
original strain. Furthermore, also in the ascites 
hepatoma, AH 13 and AH 7974, the average content 
of non-protein sulphydryl in the resistant sub-lmne 
was found to be moreased as compared with that in 
the corresponding original strain. The difference 
between. the original strain and its resistant sub-lme 
in both AH 18 and AH 7974 was statistically 
significant (Table 1). From these resulta it is evident 
that the sub-line resistant to methy]-bts-(B-chlorethyl)- 
amine N-oxide, which was established by passing 
tumour cells through animals treated with the reagents, 
showed a significant increase in non-protein sulph- 
ydryl content as compared with the original strain, 
whether the Yoshida ascites sarcoma or ascites 
hepatoma. 

Since alkylating reagents show an affinity for sulph- 
ydryl groups, it seems to be most probable that 
tumour cells containing a large amount of non-protein 
sulphydryl group are more endurable, owing to 
counteracting the action of the reagents, than those 
containing a smaller amount. As a matter of course, 
many factors might be related to the mechaniam of 
resistance to alkylating reagents. However, it is 
considered that the non-proteim sulphydryl group of 
tumour cells plays an important part in the mechan- 
iam of resistance to alkylating reagents, at least in 
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that of induced resistance as revealed in this 
work. . ¢ 

I wish to express my thanks to Prof. T. Yoshida 
for supplying the tumour strains and for his encourage- 
ment in many ways, and to Dr. Y. Sakurai and 
Dr. K. Kaziwara for supplymg methyl-bts-(8-chlor- 
ethyl)-amine N-oxide. I am also indebted to the 
Department of Bacteriology, Nagoya University, for 
providing laboratory facilities. 

The work was aided by a grant from the Japanese 
Cancer Society. 


Iwao Hrrono 


Department of Pathology, 
Nagoya University School of Medicine, 
Nagoya, Japan. 
Jan. 14. 
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Enhanced Resistance of Mice to Infectiog « 
with Pasteurella pestis following 
Vaccination with Fractions of Phenol- 
killed Tubercle Bacilli 


THE growing recognition that the immunological 
responses initiated by certain micro-organisms are 
not necessarily limited in their scope, but may be 
manifested towards taxonomically and antigenically 
heterologous organisms!, raises the question of 
whether many states of specifically acquired im- 
munity rest entrely on specific mechanisms. The 
increased resi ce which accrues to survivors of a 
first infection, or which follows a specific immuniza- 
tion procgdure, may not always be based on specific 
immunological reactions, that is, those involving 
antibody or tissue hypersensitivity, but may result 
from the same non-specific effects which underlie the 
development of heterologously orientated changes in 
immunity. 

This may be true not only of diseases immunity to 
which has never been proved to be associated with a 
classical immune response, but also of those where 
heightened resistance is accompanied predictably by 
the formation of antibody: the antibody response 
may be incidental to, not causative of, the acquisition 
of the immunity. An analysis of the area and 
mechanisms of the non-specific immunological abilities 
of a micro-organism may therefore contribute as well 
to an understanding of its homologously directed 
activity. 

Such & comparative approach to the problem .of 
the mode of action of specifically acquired immunities 
requires a determination of whether the mucrobial 
moieties responsible for the homologous effects are 
the same as, or distinct from, those exerting an 
immunological influence of wider implication. In the 
course of a study of the mechanisms of acquired 
resistance to tuberoulosis, an investigation was 
accordingly undertaken to ascertain whether fractions 
of the tubercle bacillus which show homologous 
immunogenicity are related to those reported to affect 
resistance to other diseases*.*, 
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Table 1 


~” 


Deaths* on followinf days 
after Pasteurelia infection : No of 
survivors ft 


466789 1218 14 15 
Methanol ax- 


4 0 0 0 | 4 of 10 


0002900 


000101 0001 
084621 10 0 0 


10 of 18 
1of 18 





* All animals after infection were found to have extensive 
lesions of the spleen, liver and mesenteric nodes. 


t All animals surviving t the fifteenth-day appeared normal; 
experiment terminated on twentieth day. , 

Initial experiments were designed to establish the 
range of experimental infections of laboratory 
animals which could be influenced by previous vac- 
cination with components of chemically killed tubercle 
bacilli. Early in the course of this investigation ıb 
was found that certain crude fractions which have 
been shown capable of enhancing the resistance of 
mice and guinea pigs to tuberculous infection*' 
bestow a marked degree of heightened resistance on 
mice against infection with a strain of P. pesis, 
EV 76%, Also of interest was the observation that, 
unhke many of the hitherto reported instances of 
non-specific resistance to infections, this immunity 

still discernible even when the experimental 
Pasteurella infection occurred some weeks or months 
after vaccination with tubercle bacillus substances. 
This communication reports on two experiments 
illustrating these findings. 

Experiment 1. Groups of Swiss albino mice 
(Rockefeller stra) were mjected intraperitoneally 
' with 1-0 mgm. quantities of a crude methanol-soluble 
extract of phenolized bacilli of the B.C.G. strain, 
suspended in saline or in incomplete Freund’s adju- 
vant. ‘Two months later, these animals, and a 
saline-injected control group, were given an intra- 
peritoneal injection of 1 x 10’ living sorganisms of 
the HV 76 strain of P. pestis. The -infection 
survival time of the animals 1s shown ın Table 1. 

Experiment 2. Groups of mice received intra- 
peritoneal injections of one of the following, in 0-5 c.c. 
quantities: distilled water; a yo ‘al ween’- 
albumin culture of the B.C.G.-Phipps strain; 1-0 
mgm. of the bacterial residue of a methanol extraction 
of phenolized B.C.G. organisms. Three weeks laper, 
the animals.were challenged by the intraperitoneal 
route with 3 x 107 organisms of the Pasteurella 
stram. The post-infection survival-time of the 
animals 18 shown ın Table 2. 

THe lower degree of survival protection bestowed 
by living B.O.G. and extraction residue does not 


Table 2 


No. of 
animals 


No. of 
survivorst 


Deatha* on following days 
after Pastew ella infection - 


per 
group (845678 111213 1415 


043320 21212 90 0 
082810 12 00 0 


7 of 28 
4 of 21 


0190100 0060 0 0 0 2 of 22 





* All animals dying after infection were found to have extensive 
lesions of the spleen, liver and mesenteric nodes. 

+ All animals surviving beyond the fifteenth day appeared normal ; 
experhnent terminated on twentieth day. * 
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necessarily indicate their inferiority vts-d-vis methanol , 
extract in initiating this non-specific immunity, but 
might be accounted for by the larger challenge dose, 
or by the shorter vaccination,challenge interval, m 
the second experiment. 

More extensive experiments on the extent and 
conditions of the effects of substances derived from 
tubercle bacilli on the resistance of laboratory 
animals to other mfections, and ‘to tumour trans- 
plants, are now in progress, and will be reported in 
detail elsewhere. ; 

I wish to acknowledge the help of Mr. Salvatore 
Margherita in certam phases of this work. 


Davin W. WsIss 


Department of Bacteriology, 
University of California, š 
Berkeley 4, 
California. 
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3 Schaedler, R. W., and Dubos, R. J., J. Ban. Med., 108, 719 (1957). 
1 Wolss, D. W., and Wells, A. Q., Amer. Rev. Tuberc (m the prees). 
* Weiss, D.W., and Wells, A. Q , Amer. Rev, Tuberc. (in the press). 
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lague infection rg G., and Grumbach, 
be . 153, 280 (1958); Hep. Internat. Plague Conf., Mukden, 
1911), 


"The KF 76 strain of P. 
et al., J. Immunol., 
n laige numbers. 


ue is relativel 
, 245 (1963) ), 


avirulent (Walker, D. L., 
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Zinc Sulphate Treatment of Parakeratosis 
in Cattle 


UnpERwoop!, discussing the nutritional sigmficance 
of trace elements, states “zme deficiency his never 
been observed m man or in farm stock, under either 
naturally occurring or experimental conditions. It 
seems very unlikely that such a deficiency could ever 
arise in grazing or stall fed sheep or cattle, because of 
the normal high content of zinc in plant materials’. 
Symptoms indicating zinc deficiency conditioned by 
high dietary calcium have, however, been reported in 


8. 
Dudi the period 1957-59 we have observed, in 
cattle on the Berbice savannahs, lesions closely 
resembling those described in rats fed on diets deficient 
in zinc. In the more acute cages, parakeratosis 
spreads rapidly over about 40 per cent of the body 
surface. The- following areas are affected, usually 
in the order given: muzzle (except when this is 
black in colour), vulva, anus, top of tail, ears, back 
of hind limbs, ‘knee fold’, flanks and neck. On this 
Station, these symptoms have occurred seasonally, 
namely, March—June; during’ this period in 1958 
there were about sıx cases, and ın 1959 upwards of 
twenty among 1,000 cattle. The over-all body 
condition of cows affected has been generally below 
average; yearlings have shown httle or no live- 
weight-gains for some months whereas very young 
calves have been otherwise normal. The stock 
affected, other than the young calves, have been 
born and reared under range conditions ; the sous are 
poor and sandy. Some of the yearlings had been 
transferred to planted, fertilized pastures of pangola 
grass (Digitaria decumbens), 2-4 weeks before symp- 
toms were observed. 

During April and May 1959 some affected animals 
have been given zinc sulphate either orally (2 gm./ 
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week) or by injection (1 gm./week); similar animals 
kept as controls have been treated later. The skin 
of two cows and four yearlings treated early showed 
new hair growth one week after treatment com- 
menced, and were normal after three weeks, while 
three cows and one yearling untreated for periods 
ranging from 2 to 8 weeks deteriorated during this 
period, but again, after treatment, recovery was 
rapid. In one yearling which finally became weak and 
had to be destroyed, the skin condition responded 
to zinc administration. On June 23, one cow with a 
newly born calf and seven in-calf cows were removed 
from Range 2, where most cases had occurred, to 
pangola grass pastures. This calf and four others 
born to the cows during June all shed the bulk of 
the hair from large areas of the body; this was 
accompanied by hyperkeratinization along the mid 
line of the back. The hair and skin rapidly returned 
to normal after oral administration of zine sulphate. 
«ahe dams of these calves showed no lesions nor were 
there any cases among other calves born on these 
pastures during the same period. Two of the cows 
moved from the Range on June 23 calved during 
July and August; one had quite normal hair and 
skim and the other only very slight parakeratosis. 

In pot trials on these soils in which the plant grown, 
had been the tomato, growth responses have been 
obtained from the application of zmo (Spector, J., 
private communication). The zinc content of various 
grass species is given in Table 1. The plant material, 
collected after the first cases of parakeratosis were 
observed, consisted of leaf cut about 1 in. above 
ground-level. 


Table 1. ZIKO CONTENT OF GRASS SAMPLES COLLBECTHD AT Hptny, 1959 


Desc aon 
of pas 


Da 
collec 





Radiochemical balance studies indicate that the 
absorption of zinc from the alimentary tract in steers 
is not greater than 50 per cent*. These absorption 
studies and the low zinc content of the fibrous 
Trachypogon indicate that cattle in these conditions 
may not always receive adequate zinc in the diet. 
Our observations add support to this view. 

We are indebted to the Director of Agriculture, 
Georgetown, for the facilities for making these 
observations and to Dr. H. Evans of Bookers Sugar 
Estates, Ltd., for carrymg out the zinc assays. 

š S. P. Leaa 
L. SEARS 
Ebini Livestock Station, 
Berbice River, 
British Guiana. 
1 Underwood, E. J, “Trace meente in Human and Animal Nutri- 
tion” (Academic Press, , 1956). 
1 Tucker, H. F., EEE B., Pron. Soo. Exp. Biol. N.Y., 88, 
168 (1955) t 
* Peaster, J. P., Hansard, S. E., Mo J. T., Skipper, F. H., and Davis, 
G. E., J. Anim, Soi., 18, 781 (1954). 
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The Sigmoid Survival Cūrve in 
Radiobiology 


A 8TRIOTLY exponential form of survival curve is 
much more rarely encountered in radiobiology than 
might be supposed from statements sometimes made. 
The form of survival curve illustrated by Fig. 1 (which 
would be sigmoid on a linear plot) has been estab- 
lished, with varying degrees of accuracy, for many 
single-cell populations, ranging from bacteria to 
mammalian cells. 

It has become common practice to describe 
such curves as ‘multihit’ or ‘multiple-target’ curves ; 
and to regard the existence of the initial shoulder 
as inevitably implying the existence of a ‘multi- 
plicitty’ or ‘target-npumber’ or ‘hit-number’ of dis- 
crete morphological sites or entities, the number 
of which may be determined by extrapolating the 
exponential portion of the curve back to zero dose 
and measuring the intercept on the ordinate plotted 
on a logarithmic scale. While it is useful to have a 
name for the number so derived, we consider that 
those commonly used carry an unjustifiable implica- 
tion as to the mechanism of radiation damage to 
cells. This has become particularly undesirable in 
view of recent work which has ghown that this 
number may in some cases depend, over a wide ran Or 
on conditions imposed after irradiation'-*. Condi 
tions before irradiation have long been known to 
produce such changes in survival curves‘, and it may 
be that in such cases the change in ‘multiplicity’ of 
the survival curve corresponds to a real morphological 
change in the cell. But when cells irradiated as one 
population demonstrate survival curves with different 
‘multiplicities’, depending on how they are treated 
after irradiation, the concept that such curves imply 
a multiple number of discrete morphological sites 
becomes very strained. 

We propose, therefore, in our future publications to 
use the term ‘extrapolation number’ to refer to the 
intercept g, or the ratio e’, shown in Fig. 1. We do 
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not tandon the postulate that this number may refer 
to a multiplicity of some sort, and wp concede that 
in some instances it may be identifiable with a number 
of specific morphological entities'; but we would 
suggest that the number in question should be 
referred to as a ‘target’ or ‘hit’ number only when 
such identification can be made. 


TIEVAH ALPER 
N. E. GELIS 


Medical Research Council 
Experimental Radiopathology Research Unit, > 
Hammersmith Hospital, 
London, W.12. 


M. M. ELKIND 


National Cancer Institute, 
U.S. Public Health Service, 
Bethesda 14, 
Maryland. 
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eee ia po Stapleton, G. B., and Martin, F. L, Nature, 167, 


* Munson, R. J., and Maclean, P. I. (m preparation). 


An Assessment of the Quantities of 
Fission Products likely to be found in 
Milk in the Event of Aerial Contamination 
of Agricultural Land 


THRE is considerable evidence that the most wide- 
spread hazard which could result from the deposition 
of fission products on agricultural land would be the 
contamination, of milk with the isotopes of iodine and 
strontium!; other fission products which might in 
certain circumstances contribute to this hazard are 
barium-140 and cæsium-137. ® 

In the initial period after the release of fission 
products the first information on the extent of deposi- 
tion which is likely to be available will be the results 
of gamma monitoring, from which the deposition per 
unit area of land can be estimated on the basis of an 
assumed composition of the released material. It 
is therefore of considerable practical importance to 
consider the relationships which may occur between 
the quantity of radioactivity deposited per unit 
area after a single incident and the level in the 
mik. 

The transfer of certain fission products from the 
diet òf cows to their milk has been studied experi- 
mentally in this laboratory : results are now available 
from 28 experiments with iodine-131 on 20 animals, 


Table 1. 


Daya after 
deposition 


Todine-131 


COD SAROMr 


tO m 
pet 
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16 experiments with strontium-89 on 12 animals, 
5 expermments with barium-140 on 6 animals, and 4 
experiments with tellurium-132 on 3 animals. Pre- 
liminary accounts of part of this work have been 
given’? and detailed reports will be published else- 
where. Studies with casium-137 have not been made, 
but results from experiments on 5 animals sre avail- 
able in the literature’. - 

Under field conditions the extent to which fission 
products deposited upon, grazing land will enter milk 
may vary greatly depending upon many factors 
including: (1) the extent to which the deposited 
material is initially retained on edible herbage ; 
(2) the extent to which the initially contaminated 
herbage is ‘diluted’ with new growth; (3) the extent 


-to which the fission products are removed by ram 


from the edible tissues ; 
management. 

In order to make some estimate. from the experi, 
mental data of the maximum level of contamination 
in milk hkely to be encountered in the field, the follow- 
ing conditions have been assumed: (a) that 26 per 
cent of the deposited material is initially retained on 
edible herbage; (b) that the. activity on herbage 
decreases only as a result of the decay of radioactivity ; 
(c) that animals have unrestricted access to 
and receive no supplementary food ; (d) that animals 
consume 20 lb. dry matter a day and that the yield 
of edible herbage is 500 lb. dry matter per acre. 
Estimated values for levels in milk following con- 
tinuous grazing for 21 days when the initial total 
deposition of individual fission products from, a singlo 
incident is 1 uc./m.* are given in Table 1. 

The assumptions made are considered to represent 
the worst case likely to occur under conditions of 
British agriculture. There are many factors, which, 
in normal circumstances, would probably * reduce 
the quantity of fission products transferred to milk. 
Thus the combined effect of the growth of new grass 
and the removal of activity from edible herbage by 
ram should normally cause the extent of contamina- 
tion of herbage, and hence the contamination of milk, 
to fall considerably more rapidly than is suggested in 
Table 1. Further, should an accident occur at a 
time when grazing is poor, derivation of most of the 
food from uncontaminated supplementary feeding- 
stuffs would considerably reduce the animals’ intake 
of fission, products. However, mitigating factors of. 
this kind cannot be predicted, and hence no allowances 
can be made for them in the early stages after an 
accident. The figures given are therefore put forward 
as being of value im the preliminary planning of 
control measures following the release of radio- 
activity: any steps fo be taken thereafter must 
be based upon measurements made upon the milk 
itself. 


(4) the method of animal 


ESTIMATED ACTIVITY IN MILE (w0./b.) FOLLOWING AN INTTIAL TOTAL DEPOSITION oF 1 pO.JM.? 


Barium-140 Omarim-187 
06-0028 0 O01 
0 0068 0 06 

0075 014 
0 0085 0-21 
0 0090 026 
9 0092 0-29 
00 0 82 
0 0081 0-85 

008 0 38 
0:0086 0 38 
0-0049 0 48 
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I wish to thank the staff of the Agricultural 
Research Council Radiobiological Laboratory, Let- 
combe Regis, for allowing the use of the results of 
early experiments. 

R. J. GARNER 
Radiobiological Laboratory, 
Agricultural Research Council Field Station, 
Compton, 
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Inability of Methionine to affect Lethality 
« in Mice and Rats exposed to X-Rays 


NERURKAR et al. have shown that administration, 
of methionine either before or after X-irradiation 
decreases the damage caused to nucleic acid synthesis 
in irradiated rats. Post-irradiation administration of 
methionine appears to be more effective. Other 
assays have shown a lower increase in nitrogen, uric 
acid and in creatinine excretion in irradiated rats 
injected with methionine after irradiation’. The 
increase im uric acid excretion suggests excessive 
breakdown of nucleic acids as a result of cellular 
destruction. Treatment with methionine also results 
in a beneficial influence on the rate of growth after 
irradiation. 

The present communication shows that the 
administration of methionine, apparently effective in 
slowing down the fall in nucleic acid levels caused by 
a single exposure to ionizing radiations, affords no 
decrease in the mortality of mice (C57 black) and rats 
(Wistar albino) irradiated with 700 or 800 r. of X-rays. 

220 male black C57 mice, weighing 20-25 gm., were 
divided into eight groups. Each irradiated group 
consisted of fifteen controls injected intraperitoneally 
with 0-9 per cent sodium chloride and fifteen animals 
injected mtraperitoneally with an aqueous solution 
of u-methionine (Sigma) (5 mgm., 25 mgm., and 
250 mgm: /kgm.) 5 min. before or 30 min. after irradia- 
tion respectively. One irradiated group received one 
- Tablel. Evraor OF INTRAPMRITONHAL INJECTION OF L-ADRTHIONINE 
BEFORH AND AFTHR TOTAI-BƏDY X-IRBADIATION OF 700 R. ON 


` MORTAI Mous BLAOK 067 BTRAIN. 
kY., 200 ; m.amp., 20 ; d.f., pee cms os copper ; dosage-rate, 84 r /mun. 


Total 
mortality 
at 15 days 
{per cent) 


vyerage time of 
Dose of L-methonine 


Afethionine § min 


sogge 


PEA n ttl cg in, pia 


QO & & GO On GO 


HH HHHH 
$H ji toh Om ioe 


7 80 
6-80 
8 08 
72 

7-08 
8 06 
8 40 
7- 


r 
a 
= 





thionine does not algnificantly affect the mortality after irradia- 
in (P < 0 01). 
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Table 2. EFFEOT OF INTRAPARITONHAL INJECTION OF MEBTHIONINE 
(5 Kakon) AFTER A SINGLE TOTAL-BODY X-IRRADIATION OF 
R. ON MORTALITY MALE, WISTAR $LBINO 
(KY., 200: mamp., 20, df., 55 om., 0 5 copper ; doae-rate, 50 r./min. 
in a 


Total mortal-| Average time of 


Dose of methionine} No.of | ity at 30 days suno an days) 
animals (per 


30 ’ 8-16( 44 Eg 


80 8 90 44-55 





Methionine does not affect significantly the mortality after irradia- 
tion (P < 0 01). 


injection 30 min. after irradiation and two daily 
injections of methionine (5 mgm./kgm.) during the 
five days following irradiation. A control group, 
injected with methionine (250 mgm./kgm.), was not 
irradiated. 

Sixty male Wistar rats, weighing 175-225 gm., 
were divided into two groups of thirty animals each. 
The first group served as control and received an 
intraperitoneal injection of 0-9 per cent sodium chlor- 
ide ; the second group, an injection of L-methionine 
30 min. after a total-body X-irradiation of 800 r. 

Physical factors of irradiation are given in Tables 1 
and 2. Al the mice irradiated with 700 r. and 96 per 
cent of rate irradiated with 800 r. died between the 
fourth and fifteenth days after irradiation. The same 
mortality was observed in the groups treated with 
methionine before or after irradiation (Tables 1 and®2)? 
L-Methionine is not toxic, at the above-mentioned 
doses, to our mice or rats. In previous investigations, 
Bacq et al.? have observed that methionine does not 
protect mice . against X-irradiation. The present 
results confirm these findings. 

According to Nerurkar st al.t4 there is after 
irradiation a lack of available methionine, and the 
injection of methionine should help the restoration of 
the nucleic acid-synthesizing mechanism. But, in our 
opinion, this effect of methionine is not sufficiently, 
important to affect the mortality. 

Lad 


ZENON M. BAOQ 
® Marrs L. BREAUMABIAGE 
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Radioactive 7-lodo-6-Deoxytetracycline 
in Tumour Tissue 


Tue observation).2 that several of the tetracyclines 
are localized in various tumour tissues for prolonged 
periods of time suggested the possible utility of a 
tetracycline labelled with iodine-131 in the detection 
of neoplastic disease by the use of external body- 
scanning techniques. In a recent communication’ 
from this Laboratory, the preparation of 7-iodo-6- 
deoxytetracycline was described; this was the first 
report of an iodotetracyoline of unequivocal chemical 
structure. A labelled iodo (131) derivative was 
prepared by essentially the same method, by the 
reaction of N-iodgsuccinimide* (I) and 6-deoxy- 
tetracycline in concentrated sulphuric acid: 
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The radioactive preparation was administered intra- 
venously at a dose of 15 mgm./kgm. to dogs that had 
well-developed, spontaneous mammary tumours. 
The level of radioactivity at marked areas on selected 
portions of the dog was then determined at various 
intervals of time. 

Some of these results are shown i in Fig. 1. It can 
be seen that in the first three hours there is a pro- 
nounced difference in the degree of radioactivity in 
the areas of the various organs and tissues. The 
area, over the liver gave the highest reading, followed, 
by the tumour and kidney. The muscle and skeletal 
readings were considerably lower than that of the 
tumour tissue. 

The differences in the radioactivity after 24 hr. were 

much less pronounced, and some considerable changes 
appeared in the nue ranking of the various areas 
measured. 
e There a to be no preferential retention of 
radioactivity in the tumour during a period of 
24 hr.—6 days, but some small preferential retention 
was noted in the thyroid region. Although it has 
been shown that some of the other tetracyclines are 
not metabolized by animals*, it is possible that 
de-iodination tn vivo may have occurred to some 
small extent, and any iodide liberated would be taken 
up by the thyroid. 

Other areas surveyed, but not shown in Fig. 1l, 
include the occipital bone, last sacral, mid-shoulder 
‘back, knees and thyroid. During the first three 


1,000 





Countsa/min. minus background 
a 
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hours, the level of radioactivity for these locations 
was generally less than that of the thigh muscle. 

Direct radiometric readings were made on various 
tissues removed from a dog (with a mammary 
tumour) 10 min. after an intravenous administration 
of the radiolabelled compound. As was expected in 
this short period, the liver, kidney, spleen and blood 
contained the highest levels of radioactivity. How- 
ever, the tumour contained three or four times the 
counts per mmute per milligram of muscle or bone. 
Healthy tissue, adjacent to and more highly vas- 
cularized than that of the tumour, contained only 
one-half of the radioactivity, on a counts per mm./ 
mgm. basis, of the tumour. The iodotetracycline has 
also been studied in mice containing spontaneous 
mammary tumours, but no pronounced selective 
localization or retention was found with this type of 
tumour. 

Although the biological work with this compound 
is in an early development stage, it appears that th® 
differential localization of 7-iodo-6-deoxytetracycline 
in tumour tissue, relative to that of other tissue, may 
be sufficient to allow the use of this compound as a 
diagnostic aid in the location of cancerous growths. - 

A therapeutic application by the internal irradia- 
tion of selected tissues, either-with a tetracycline 
derivative containmg a pre-formed radioisotope, or 
by the induction of irradiation by a procedure such 
as neutron activation, is a possibilty but will require 
much additional work. 

We thank Dr. J. H. Boothe, Dr. A. W. Vogel and 
Dr. 8. Kushner for their helpful’ suggestions, and 
Mr. D. Colucci for technical assistance. ` 
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Dependence of the Sex Ratio at 
Birth on the Age of the Father 


SZILARD’S conjecture about the effect of paternal 
age on the sex ratio, which his figures for man 
support}, might perhaps be capable of further con- 
firmation in horses. Unlike the ages of man and wife, 


those of mare and stallion are uncorrelated, and both, 


are commonly bred into old age. I investigated 
the effects of paternal age on foal longevity’, which 1s 
also germane to Szilard’s theory, and found no 
appreciable decline in the vigour of the fillies of old 
stallions, judged by life-spans in the ‘‘General Stud 
Book’’—no records of colt longevity are available. 
My material gives some figures for the sex ratio, 


though the numbers are too small to do more than - 


suggest the absence of any gross age effect. The 
ratio of males to females was exactly 100-00 for the 


1066 


446 live progeny born during 1885-96 of a group of 
stallions known to be more than twenty years old 
at covering, against 100-47 for all foals in the same 
period. Masculinity in thoroughbred horses is less 
than in man, and the ratio has been reasonably stable 
for a century or more (1853-68 R = 100-32; 1869-80 
R= 99-18; 1885-96 R = 100-47; 1925-40 R = 
99-31). 

Wo may attempt to predict the expected change in 
R for thoroughbreds if Szilard’s assumptions hold 
good, Their last decile survival is reached at about 
30 years against 90 in man, but the proportionate 
‘weight’ of the Y chromosome wiil be less, since for 
horses 2n = 66, say 1-4 per cent. Other things being 
equal the change in the value of R would therefore 
be about 2:8 per decade, approaching R = 106 per 
cent for stallions more than twenty years of age. A 
difference of this order could probably be detected 
from siring records, and this appears worth attempting 


“*in spite of the number and variety of the other 


numerical assumptions which Szilard’s theory requires. 
A. COMFORT 
Department of Zoology, 
University College, 
London, W.C.1. 
1 Szilard, L., Nature, 186, 649 (1960). 
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Purification of a Specific Inducer of the Male 
Sex Organ in Certain Fern Species 


A NATURALLY occurring, highly specific substance 
has been found which induces vegetative cells of 
gametophytes of certain fern species to differentiate 
and organize the male sex organ or antheridium. 
Dopp! showed that a water extract of mature 
prothalli of the common bracken fern Pteridtum 
aquilinum hastened the formation of antheridia m 
young prothalli of this and of another fern species. 
He was inclined to interpret his findings to indicate 
that antheridia were initiated by way of non-specific 
growth inhibition. Naf? reported that the promotion 
of antheridium formation by the extract was due to 
a specific antheridium-inducing factor rather than to 
non-specific growth inhibition. The biologically active 
factor was found to induce antheridium formation m 
representatives of 7 of the 9 sub-groups of the 
family Polypodiaceae listed by Eames? as well as 
in Dennstaedita punctilobula, a member of the family 
Dicksoniaceae*. It appeared likely, therefore, that a 
relatively simple chemical substance 18 capable of 
directing morphogenesis in & highly specific way. In 
view of 1ts unique properties, an attempt was made to 
isolate and characterize chemically the biologically 
active material. The present report describes a 
procedure for the purification of this substance. 

Quantities of antheridium-inducing factor for 
chemical isolation were obtained batchwise by seed- 
ing 1,000 125-ml. Erlenmeyer flasks containing 33 ml. 
of Moore’s synthetic medium with sterile spores of 
Pteridium aquilinum. The cultures were grown under 
continuous Wumination for a period of 7 weeks. 
Using this procedure, about 30 1. of culture filtrate 
with a dilution end-point of about 1: 10,000 were 
obtained from most batches. 

The progress of the isolation of the biologically 
active substance was followed using young gameto- 
phytes of the sensitive fern Onoclea senstbilte as the 
test object according to the assay method described 
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by Naf*. Prothallii of this species failed to form 
antheridia ntaneously under the conditions of 
culture employed, but produced numerous antheridia 
after exposure to the biologically active factor. This 
made it possible to test with certainty the antheri- 
dium-inducing activity of any preparation. 

The 301. of culture filtrate used as starting material 
for each isolation contained about 1 mgm. of solids 
per ml. This solution was concentrated in vacuo in a 
circulating evaporator, below 45°C., to a volume of 
l litre and stirred at room temperature for 1 hr. 
under nitrogen with 10 gm. of ‘Norite A’ which had 
been boiled with dilute acetic acid and washed with 
boiling water. This treatment removed more than 
99 per cent of the activity from the concentrated 
culture filtrate. The charcoal was removed by 
filtration, washed’ twice with 500 ml. of water, and 
the washings discarded. _ The active material was 
eluted from the charcoal by stirring for 15 min. with 
100 ml. of methanol. No more activity was removed 
after three such treatments. 10 pgm. of material 
obtained in this way induced antheridium formation 
at a maximum dilution of 1: 4,000, representing a 
fortyfold increase in activity over the original culture 
filtrate. 

The combined methanol eluates were concentrated 
tn vacuo to remove methanol and made up to a volume 
of 60 ml. with ice-cold 0-01 M *phosphate—citrate 
buffer adjusted to pH 7-2. This solution waseo»- 
tracted three times with cold ethyl acetate, removing 
inert material amounting to about 40 per cent of the 
dry weight of the methanol eluate. The pH of the 
cold buffer solution was lowered to 5-1 with hydro- 
chloric acid, and the active material was removed by 
extracting three tumes with ethyl acetate. This 
fraction contained about 20 per cent of the dry 
weight of the methanol eluate and all the antheridium- 
inducing activity. 10 pgm. induced antheridium 
formation at @ maximum dilution of 1: 20,000, 
representing two-hundredfold increase in, activity 
over the original culture filtrate. An average yield 
of 3 mgm. Was obtained from 30 1. of culture filtrate. 

Final purification was made by concentrating the 
ethyl acetate extracts to a small volume and subject- 
ing the material to a 50-tube counter-current distribu- 
tion between normal butanol and 5 per cent am- 
monium acetate buffer pH 6-65. Almost all the act- 
ivity was distributed as a single peak with a maximum 
in tube 23. An exact quantitative determination of 
activity was difficult since more than one-half of the 
starting weight remained in the first three tubes or 
migrated completely into the last four or five tubes 
of the series. A very small amount of activity was 
also found in the last few tubes. When tubes 19 
and 32 of this series were redistributed in the same 
solvent system, only a single peak of activity was 
found with a maximum m tube 23, in each case. 
Thus, the active material purified in this way appeared 
to be homogeneous. Because of the difficulty of 
weighing the tiny quantities obtained, it was ‘not 
possible to determine the specific activity on a dry- 
weight basis, However, it was apparent that this 
purified material would induce antheridium formation 
in Onoclea sensibilis at a concentration of less than 
1 part in 10,000,000,000 (10-4 ugm. per ml.). 

As mdicated by the manipulations used in the 
isolation procedure, the antheridium-induoing factor 
behaves as a weak acid. It is relatively stable in 
acid solution, but is readily inactivated at pH above 7. 
It is also readily, Inactivated by oxidizing agents, 
and dry preparations quickly darken and lose activity 
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on e to air. The factor 18 readily soluble in 
a number of alcohols and esters, slightly soluble in 
ethers, and reMtively insoluble in @liphatic and 
aromatic hydrocarbons or chlorinated aliphatic hydro- 
carbons. Activity 1s strongly adsorbed on activated 
alumina from alcohol solutions, from which it can 
be partially eluted by glacial acetic acid. The factor 
can be chromatographed on filter paper in a variety 
of alcohol/water solvent systems. Good resolution 
was obtained in descending chromatography on 
Whatman filter paper No. 1, using (1 : 4) isopropanol; 
water, where the factor has an Rp = 0-8. 

It is not possible at the present point in this 
investigation to state that antheridium-inducing 
factors other than that described here are not present 
in the culture filtrate or gametophytes of Pteridium 
aquilinum. -However, it is clear that a single, homo- 
geneous, relatively simple chemucal substance is 
capable, at extremely low concentration, of directing 
cellular differentiation and organization. Studies on 
the chemical constitution of the antheridium-inducing 
factor described here will be continued. 

This work was supported in part by a research 
grant (NSF Grant No. @-6144) from the National 
Science Foundation. 
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- Manganese Toxicity in Grevillea robusta 


Grevillea robusta A. Cunn. is commoply grown as 
a shade treo in Eest African tea plantations. Seedlings 
are usually raised in nurseries and transplanted to 
the field when about 4 in. high. Failure of the plants 
has been reported when they are transplanted into 
the red, highly acid soils characteristic of sgme tea 
areas, of which the pH may be as low as 4:2. . 

Some such geedlings, which had died within thre 
weeks of transplanting, were sent for examination 
from a Kericho estate. Two specimens (on the dty- 
weight of leaf plus stem) contained 1,940 and > 4,000 
p.p.m. of manganese respectively, and those of a 
healthy seedling had 880 p.p.m. 

Or another estate, Grevillea seeds had been nursery 
planted, some ın a red soil (pH 4-6) and others in a 
less-acid soil (pH 5-4). Seedlings from the former soon 
died (dry weight of the aerial portion of the plants 
about 0:05 gm.), and one specimen had a manganese 
content of 3,650 p.p.m., while a healthy plant from 
the less-acid soil had 262 p.p.m. of dry weight. 

Local applications of basic slag were recommended 
whon transplanting into acid soil. F. Haworth! notes 
that in Ceylon basket plants of G. robusta and Albizia 
moluccana are potted in a goil limed to a pH value 
of between 6-0 and 7-0. 

R. Carp 
A. N. Surra 
Tea Research Institute of East Africa, 
Kericho, Kenya. 
2 Haworth, F., Tea Quarterly, 23, 114 (1982). 


NATURE 


1067 


Monoxenic Cultivation of an Enchytreid 
Annelid 


A OULTUBE of Enchytreus fragmentosus Bell, 1959 1, 
was kindly sent us by Prof. A. W. Bell of Los Angeles 
City College in May 1959. We have been able to 
grow it without difficulty since that date, on rolled 
oats kept on moistened filter paper, and can now 
report success in putting it into monoxenic culture 
(that 18, growing m the presence of a single species of 
associated organism—in this instance Hschertchta 
colt). 

A single specimen of E. fragmentosus from a xenic 
culture (that is, growing in the presence of a mixed 
microbial flora) was transferred to a Petri dish of 
‘Difco Nutrient Agar’ previously seeded with enough 
Æ. colt to yield a thin continuous bacterial layer. It 
was allowed to migrate there and, on an average of 
every other day over a period of a month, was trans- 
ferred to a fresh Petri dish of agar and Æ. col. The 
track of the worm during each stay could be readily 
seon; it is thus possible to say that, because of its 
relatively sluggish movement under the conditions 
described, it seldom looped back over its path. Only 
after the thirteenth transfer (one month) was it found 
to have fragmented into several pieces. This long 
period without fragmentation suggested a nutrition- 
ally unfavourable state. Three short pieces were then 
put on to a single agar slant streaked with E. cols, 
where they grew into long worms within two weeks. 
A subculture was next made with one worm, followed 
by additional fragmentation into two. 

Repeated bacteriological checks of both slants 
revealed only Ẹ. cols. We can therefore conclude 
that the original worm was effectively monoxenized 
merely by migrating for an extended period in suc- 
cessive thin layers of E. cols growing on nutrient agar. 

Subsequent work has shown that nutrient agar 
with Æ. cols is not satisfactory by itself for indefinite 
subculture-of E. fragmentosus. But grains of suto- 
claved rolled oats dropped on the surface of the slant 
provide for continued vigorous growth, and the 
combination so established appears satisfactory for 
indefinite monoxenic cultivation of the annelid. 

More recently we have sometimes found it possible 
to axenize H. fragmentosus directly from xenic culture 
by a method based on that applied to the~planarian 
Dugesia dorotocephala by Miller and Jobnson?. In 
one instance, after three days of washing about 40 
worms in initially sterile (sintered-glass-filtered) pond. 
water, starting with four brief washes and continuing 
with two longer washes (24 hr. and 48 hr. respectively), 
we selected 25 worms and transferred them to & solu- 
tion of antibiotics similar to that used by Miller and 
Johnson (exceptions: penicillin G, 1,000 v./ml. ; 
streptomycin sulphate, 100 y/ml.; filipin, omitted). 
Worms left for 2 days thus and then washed six 
times in sterile pond water were found not to have 
been axenized. But one out of three worms put 
through another wash of 2 days (totalling 5 days of 
washing) and then 7 days in the foregoing anti- 
biotic mixture was afterwards found to be free of 
bacteria. 

With a number of animal organisms, both protistan 
and metazoan, monoxenic culture has been & pre- 
liminary to successful axenic culture (that is, to 
growing in the absence of living organisms of any . 
other species)? Our aim with FE. fragmentosus, as it 
was with rhabditid nematodes‘ and is at present with 
rotifiera and gastrotrichs®, is to put it into axenic 
culture and thus make it available for nutritional 
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and metabolic studies. The organism is of particular 
interest because of its extensive regenerative powers 
(in sharp contrast to the inability to regenerate 
exhibited by the aschelminths—-nematodes, rotifers, 
gastrotrichs). 

To the best of our knowledge this is the first time 
an annolid hag been put into monoxenic culture. The 
axenic cultivation of an annelid has yet to be achieved. 
It is our next goal with E. fragmentosus. 

We wish to thank the National Science Foundation 
for partial support of this work (through Grant 
G-6018). 


ELLSWORTH C. DOUGHERTY 
BJØRN SOLBERG 


Laboratory of Comparative Biology, 
Kaiser Foundation Research Institute, 
8. 14th St. and Cutting Blvd., 
Richmond, 


oe California. 
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Life-like Preservation of ve (ae a 
Detail in Plant Cells 


BrodkemioaL and physiological data from plant 
material are reported frequently ag the amount or 
activity of matter per cell, yet remarkably few such 
studies are made directly on the cells. Thus, for 
example, in & large number of publications on the 
chemistry and physiology of cell differentiation, 
very few have included any cytochemical investiga- 
tions. That this is a general phenomenon is due, very 
largely, to the fact that no method exists by which 
plant cells may be investigated both for structure and 
for chemical activity, without the introduction of 
gross artefacts!. Animal cytology has advanced 
more rapidly because of the technique which involves 
freezing and drying the tissues, which are then 
embedded directly in paraffin wax and sectioned’. 
The wax is removed with xylol and the cells are fixed 
in absolute alcohol. This procedure has failed when 


l applied to`plant cells; moreover, the use of fat sol- 


vents is to be avoided at any stage. 

The present communication describes & new pro- 
cedure for producing sections of plant tissues in which 
the cytological detail is retained, apparently aa in 
life. Thus, for example, sections of meristematic 
cells from roots have been obtamed which resemble 
the living cells isolated from similar roots, as described 
previously’. Moreover, this method can be used 
in ag routine a manner as is the usual technique 
which involves embedding the tissue in paraffin 
WAX. 

The tissues are treated first for about 2 hr. with a 
5 per cent (w/v) aqueous solution of polyvinyl 
alcohol (Bush, Beach and Guest, PVA, type MO5/140). 
They are then frozen at between — 40° and — 70°C. 
in small glass specimen tubes (2 in. X lin.); freezing 
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should be complete, as judged by eye, within’5-10 
sec. This can be effected most simply by cooling the 
tubes first, far some hours or ovarnight, in solid 
carbon dioxide. The frozen material can be stored 
at — 40° C. or at lower temperatures, or it can be 
sectioned directly at between — 20° to — 25° C. by 
means of & refrigerated freezing microtome’. The 
sections are dried under vacuum in a desiccator con- 
taining phosphorus pentoxide and maintained st 
below — 20° C. 

The function of the polyvinyl! alcohol ıs to stabilize 
delicate cellular structures, for which purpose it has 
been used in other work’; it may be dispensed 
with where such labile organelles do not occur. 
Very low temperatures are to be avoided as they seem 
to damage plant cells, while gross ice crystal artefacts 
are apparent if the temperature of freezing is noarer 
0° C., or if freezmg is slow for any other reason, for 
example, if the tissue does not make immediate 
contact with the chilled wall of the tube. 

It will be noted that this procedure differs markedly 
from the conventional freezing and drying method for 
animal tissues ın that it depends on relatively slow 
freezing, as compared with the rapid quenching at the 
temperature of liquid nitrogen used in tho latter. 
The reasons for this difference are twofold; first, 
because the results indicate that plant cels require 
such treatment, and secondly, bgcause whenever 
tissue is to be maintained slive ın & frozen condition 
it is cooled slowly*. This latter reason has bdbn® 
strengthened further by work such as that of Asahina’, 
who observed, and photographed, living plant cells at 
temperatures below 0° C. He, and many other 
workers’, suggest that when the cells are cooled at 
an optimal rate, the extracellular water freezes 
first and desiccates the intracellular protoplasm ; 
for this to happen, the cell membrane must remain 
intect as it acts as a barrier to the extracellular ice- 
crystals. The complete lack of intracellular ice- 
crystal artefacts makes it reasonable to suppose 
that at these temperatures the protoplasm either 
never freezes, refhaming in & supercooled condition, 
or that, possibly at very low temperatures, rt may 
freeze but*has too low a concentration of water to 
cause much damage. It is probable, however, that 
under the conditions used in the present technique, 
the forgner condition occurs; this seems likely in 
view of the gross distortion which can be produced 
by having the knife too blunt or set at the wrong 
angie. i 

The method has been used satisfactorily on root 
tips of Allium cepa, on roots and stems of Vicia faba, 
on leaves of Ranunculus repens, Narcissus poeticus, 
Sorghum and on leaves of the ferns Ceterach officinarum 
and. Dryopteris filix mas. In the roots there w&s no 
sign of deformation so that cell lineages could be 
decided easily, the cytogenerative centre being very 
obvious (Fig. 1). Most striking, however, was the 
excellent preservation of the very delicate cyto- 
plasmic granules in the active meristematic cellg, 
which are almost never retained by other procedures? 
(Fig. 2). Normal Feulgen-stained preparations can 
be produced from such sections although the granules 
are acid-labile. In the leaves, too, no deformation 
was seen, as demonstrated by the good preservation 
of guard cells and of the cells lining air space 
below. Weak birefringence has been observed in the 
chloroplasts and strong birefringence in all cell walls, 
not only in those of secondarily thickened elements. 
In the calls of leaves, too, more cytoplasmic detail 
was preserved by this procedure than by any other 


VoL 186 
. 


June 25, 1960 


No. 4730 
. 

used previously by us*. Some leaves were grown in 
the presence of carbon dioxide labelled with carbon-14, 
and water-soluble substances were defnonstrated in 
autoradiographs prepared by the apposition tech- 
nique (Gahan, P. B., unpublished work) used on 
such frozen, sectioned and dried sections. ‘This 
technique has also made possible a study of the 
effect of drought on plant tissues since the dried cells 
were chilled, sectioned and examined dry, without 
water or other fluids having been used at any stage 
of the preparation. 

It seems likely, therefore, that this may be the 
method of choice for future studies in plant cytology 
and cytochemistry. It appears to give plant cytolo- 
gists the equivalent of the freezing and drying 


technique, which has assisted so greatly the study of 


animal cells, yet it is simple to perform and consider- 
ably quicker than are the usual methods. 





Fig, 1. 


Composite photograph (from two prints) of a longitudinal 
section through a root of Allium cepa, treated with polyvinyl! 


alcohol, frozen and sectioned as described. Mounted in water. 
Dark-fleld illumination to show preservajion of morphological 
detail and cell lineages. ( e. 75) 


NATURE 


vale la 
ped 


Pe 


-A 


» 
s$ 
gr 
(kK: 
>” 
$ 


i 
~ 


ER 
r 


` 
ig” 
4 





Fig. 2, As Fig. 1. Photographed with phase contrast illumination 
to show cytoplasmic granular and mitochondrial structures. 
(= 600) 


A fuller account of the technique, and of results 
obtained by its use, will be published elsewhere’. 


J. CHAYEN* 

G. J. CUNNINGHAM 
P. B. GAHAN 

A. A. SILCOX * 


Department of Pathology, 
Royal College of Surgeons, 
Lincoln’s Inn Fields, 
London, W.C.2. 


* Also Imperial Cancer Research Fund. 
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Sulphydryl Content of the Embryos of the 
Australian Cattle Tick 


Thompson and Johnston? reported that the totale 
sulphydryl content of embryos of an arsenic-resistant 
strain of the South African blue tick (Boophilus 
decoloratus) was approximately twice that of an 
arsenic-susceptible strain. Harington* afterwards 
examined larve of these strains and reported that 
the cystine-cysteine, glutathione and total free 
sulphydryl values were significantly higher in the 
arsenic-resistant strain. To establish whether the 
same relation as reported by Thompson and Johnston 


zum. sulphydryl per gm. eggs 
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held in Boophilus seeps investigations were 
carried out with a strain from northern New South 
Wales, larvae of which exhibited a 10-7 fold (9-3~-14-0 ; 
P < 0-001) degree of resistance to arsenic in com- 
parison with those of the susceptible Y eerongpilly 
reference strain. Adults of both strains were main- 
tained at 30° C. and the ticks removed from the 
containers four days after oviposition had commenced. 
Daily thereafter throughout incubation four samples 
of eggs were taken and their total sulphydry! content 
determined by a nitroprusside method?, using as a 


standard.a solution of glutathione freshly prepar ed 


each day. 

The sulphydryl content of samples of both strains 
up to the day before hatching commenced are shown 
in Fig. 1. During the first nine days of sampling the 
sulphydryl content ofthe argenic-resistant strain was 
significantly lower than that of the suséeptible strain 
(day 0, P < 0-05; days 1-8); P < 0-001), and at no 
time was the sulphydry! content of the arsenic-resis- 
tant strain significantly higher than that of the 
susceptible strain. 

It is clear that the stage of development must be 
taken into account in comparing the sulphydryl 


` content of embryos of different strains of Boophilus 


nucroplus, and therefore it is desirable to use eggs 


. laid over the shortest possible period for such analyses. 


In this case the four-day period of oviposition which 


> was allowed, to obtain sufficient eggs for analyses, 


+ 


was effectively three days, as very fow eggs are laid 
on the first day of oviposition’. Owing to the nature 
of the curve, it is now realized that a more precise 
result would be obtained if eggs laid on one day only 
were used. However, the technique employed does 
not invalidate the results, because both strains were 
treated similarly. 

* Thompson and Johnston do not give details of the 
age-range or conditions of incubation of the embryos 
of B. decoloratus which they analysed, so that it is 
not possible to determine the extent to which 
differences m mean age could have influenced the 
relative amounts of sulphydryl compounds in their 
two strains. B. decoloratus may differ genuinely from 
B. microplus in this regard, but even making some 
allowance for errors which may arise from the age- 
spread of our cultures, it does not seem possible to 
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correlate argenic-resistance in Boophilus microp 


with greater relative abundance in tho resistant ©. 


strain of compounds containing sulphydryl groups. 
Thanks are due to Mr. B. F. Stone for determin- 
ing the degree of arsenic-resistance of the strains 
K. P. Haydock for statistical 
treatments. | 
W. J. Rovisron 
C. A. SCHUNTNER 


Commonwealth Scientific and 
Industrial Research Organization, 
Fairfield Road, 
Yeerongpilly, 

« Queensland. 
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GENETICS 


Genetic Instability and Outcrossing 
in the Groundnut Variety Mani 
© Pintar 


In the course of groundnut variety selection w. 
carried on in Northern Rhodesia since 1954, a Sak Da 

of unusual groundnut varieties have been obtained 
from various sources. The most unusual and inter- 
esting of these has been the variety Mani Pintar, 
obtained from the Queensland Department of Agri- 
culture and Stock, Australia, in the early part of 
1955. This variety has yielded consistently well in 
trials and appears to be well adapted to local condi- 
tions. It suffers, however, from the serious disadvan- 


» tago of having a variegated red and white testa; in 


all other respects the variety is eminently satisfactory.. 
Mani Pintar isgan alternately branched spreading 
bunch variéty which matures locally in 140-150 
days, it hgs dark green foliage and is fairly resistant to 
the Cercospora leafspots, the seeds remain dormant for 
some time after maturity, the kernel oil content is 
fairly high (about 50 per cent) and is higher than most 
locally® grown varieties; in addition, the yields of 
kernels and hay are consistently good. The combina- 
tion of bunch habit and variegated red and white testa 
found in this variety is rather unusual. In Arachis 
nambiquarae Hoehne, a form with a similarly varie- 
gated testa, the habit is prostrate. 

In their review of relevant literature, Gregory, 
Smith and Yarbrough! note the apparent instability 
of pure lines of groundnuts in the absence of selection 
pressures and summarize present genetical knowledge 
of the inheritance of colour and other kernel charac- 
ters. Instability of pure lines may arise from two 
causes——chromosomal instability and natural out- 
crossing. A study of Mani Pintar showed that this 
variety exhibits a degree of instability ; it was there- 
fore decided to exploit this so far as possible in an 
attempt to produce from it a type which retained its 
many good qualities, but which was more acceptable 
commercially. In 1956 single plant selections were 
made some of which differed from Mani Pintar in 
One strain which 


parental strain and not only was it little if any in- 
ferior to it in yielding capacity but also it bred “sub- 
stantially true. Occasionally reversions to the parental 
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type were noted ; but these formed only an infinitesimal 
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that the change from variegated to n8n-variegated 
is reversible and results from rearrangement of 
ehromosomal material and not from allelic differences, 
>o that it is in fact a position effect. 
' point of view, by maintaining the selection pressure 
in favour of self-coloured testas, it should be possible 
to maintain this strain indefinitely. Varieties with 
‘ed testas are well known in commerce, for example, 
Valencia, and this strain should not therefore be 








was noted in the course of seed selection in Mani 
r stocks that a number of brown kernels were 





es, being discarded. On closer inspection some of these 
--Yusset-brown kernels were fonnd to be variegated. 
_ Variegation of brown kernels has not been reported 
-o by Gregory, Smith and ¥ arbrough? or. by Bunting? ; 
` this character has re-appeared in subsequent genera- 
tions. The remaining russet-brown non-variegated 
= kernels ‘were planted, and at harvest proved to be a 
< mixture of material which showed definite affinities 
to Mani Pintar and other material which appeared to 
be present as a result of contamination. 
«dt is now apparent that the brown-seeded material 
Of Mani Pintar origin, both variegated and non- 
= variegated, is of a hybrid nature. Segregation is 
occuring within singlo plant progenies for a great 
amber of morphological characters. Variegated red 
-and white kernels have appeared in pods of some 
progeny which are quite unlike those of the original 
© Mani Pintar strain. 
: This work is continuing, and it is toned to present 
elsewhere a more detailed account at a later date. 
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Interspecific Hybrids of Lycopersicum 


z In a recent issue of Nature, H. Nirk! deseribed thè 
-= achievement of fertile interspecific tomato hybrids 
by the reciprocal grafting of parent plants prior to 
hybridization. The technique has an older history 
an isssuggested by Nirk’s communication. It was 
d on a large scale more than thirty-five years ago 
< by the Russian plant breeder I. V. Michurin, who 
< termed it “vegetative approximation”. 
cInce report? published in 1925 Michurin com- 
mended his own innovation in the following terms : 
“My original method has been elaborated on the 
basis of the considerable changes that the properties 
of a small part of a young plant (a cutting) undergo 
when grafted on to the crown of a different variety. 
-These changes take place under the action that the 
_ entire root and leaf system of the latter exerts upon a 
- very small part of a young plant that is as yet far ner 
_ unstable in respect to various changes . 

- “I use this vegetative change as an auxiliary means 
: of approximating two different plant species so as to 
` obtain a sexual hybrid by crossing them in the future. 
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“This is the secret of my success in obtaining 
interspecific plant hybrids, such as crosses between 
the apricot and. the plum, sweet and sour cherry, 
Pyrus salicifolia and the local cultivated pear varie- 
ties; between the various species of walnut, the 
various species of grapes, the various species of 
| between the pear and the mountain ash ; 
between distant species of apple ;. between species of 
currant and“ other small-fruit shrubs; between. 
pumpkins and muskmelon, musk and watermelon : 
between the various species of lilies ; 
Physalis and tomatoes, etc.” | 

Michurin’s published descriptions do not in general 
lend themselves to exact scientific evaluation, so that 
it is not eagy to say how many of his successful crosses 
were in reality facilitated by the ‘approximation’ — 
procedure. On the other hand, at least one claim for 


_ the method made by members of his school? has been | 


independently confirmed. Hallt, working in Sweden, 
was able to increase the yield of wheat+rye hybridse. 
from 2-3: per cent to 14 per cent, by grafting the 
embryo of the future maternal parent (wheat) on. to 
rye endosperm: 

It is to bë hoped that the new results reported by 
Nirk will once more direct the attention of genoticists 
and embryologists to a challenging, and, still — 
unexplained, prongmanon: 

DonaLp MICHE 
Department of. Surgical Science, 
University of Edinburgh. 
t Nirk, H., Nature, 184, 1819 (1059). 


* English translation on pp. 161-172 of “I. V. Michurin: Selected... 
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* Pissarev, WE., and Vinogradova, N. M., CR. Acad. Sci, URS So 
45, 129 (1944). 
+ Hall, O. L., Hereditas, 40, 453 (1054), 


Dr. Micure is of course correct in his statqment 


regarding the claims of Michurin et al. in respect of- oe 
‘this approach to interspecific hybridization. How-. 


ever, irrespective of whether the results of the present 
investigation furnish corroborative evidence of 
Michurin’s claims, their immediate significance lies 
in their application in the field of practical plant 
breeding, particularly in relation to the hybridization 
of Lycopersicum. species. 

~ HELGI NIRE 
Victoria Department of Agriculture, 
Melbourne, C.2. 


PSYCH OLOGY : and PSYCHIATRY 


Cross-Modal’ Transfer of Training in 
Monkeys 


In a previous communication! the question was 
raised whether monkeys that have been trained to 
diseriminate at .a high level of confidence between 
two dissimilar solid forms by vision (in the light) will 
maintain their accuracy of discrimination when — 
objectively the same cues are later made available for e 
discrimination only by palpation (in the dark). The 
absence of cross-modal transfer between visual and . 





tactile shape discriminations was reported for four ~~ 


unoperated monkeys. Support of this finding was | 
forthcoming from the study of seven additional- 


“animals with brain lesions?. 


It was decided to extend this investigation to 
another sensory modality, and to look for cross-modal 
transfer between pairs of visual and auditory rhythms. 








Table 1, SEQUENCE OF TRAINING FOR ANIMALS C1-C4, F1-F4 AND 
Ti, 73, T4 


| 
Group I animals i Group I animal è 
ci, Fi, T1 C2, F2 | C3, C4, F3, P4, T3, Te 


i 
l 
| 
Visual shape discrimination : 
Interrupted tone versus click 


i 

RE SEIE A E AER a ea 
| Low versus high visual frequency | Visual rhythm discrimin. 

| 


Auditory rhythm 14 days (failed) 
diserimin, (failed) rest Visual rhythm versus dark 
| Low versus high visual frequency | K 
| (retention) — | 


Low versus high auditory frequency l 
(1,000 trials) Pi 


However, not one of nine animals was able (under 
our conditions) to discriminate accurately between 
two simple visual or auditory rhythms within 3,000 


trials of training. It was therefore asked: Will © 


monkeys that have been trained to discriminate 
between two rates of interruption of a light maintain 
their accuracy of discrimination when a sound is 
interrupted at the same two rates ? 

Eleven naive rhesus monkeys ({weight-range 
3:5-47 lb.) were divided at random into two groups 
of five and six animals. No animal received a brain 
lesion. Their training histories (equated in the sense 
of one auditory and two visual tests learnt by each 
group) are shown in Table L. _ 


Standard apparatus (Wisconsin General Testing | 


Apparatus) and the pull-in technique‘ were used. 
By pulling one of two strings the animal could draw 
towards itself along sloping rails the left or right box, 
which on release returned by gravity to its starting 
position. Each box contained a light source, a loud- 
speaker and a food container. The onset of the light 
or sound was switched by tension on a string, although 
the frequency and modality of the cue had been 
silently predetermined on a control panel. Forty 
trials were given each day (non-correction) with right/ 
left positions of the positive cues determined by the 
Gellerman schedule.. 

The luminance of the light was 229 ft. lamberts 
against a ground of 0-04 ft. lamberts. The sound was 
a 370 ¢.p.s. tone with a small component at 1,850 
c.p.s. Its intensity was judged to be about 60 decibels 
above the hearing threshold, against a constant 
background noise of abotit 20 decibels. For the 
positive cues, the light or sound was interrupted at a 
rate of 4 ¢.p.s., for the negative cues, at 16 ep.s. 
The on/off ratio of the positive cues was 0-44 in both 
modalities. The energy content of the high-frequency 
light. was greater than that of the low-frequency light 
in the ratio of 1-7:.1, owing in*part to the thermal 
delay of the filaments ; of the high-frequency sound 
relative to the low- frequency ‘sound in the ratio of 
1-3:1, owing to an increase in the on/off ratio with 
frequency. 

The animals of Group I required an average of 1,178 
trials to learn the visual frequency discrimination 
(range 500-2,030 trials). The mean of their scores 


_ during retention training in the visual modality was 


122 trials (range 0-380 trials). On the auditory form 
of the same frequency discrimination the mean. error 
score in 1,000 trials is 352 for the five animals of 
Group I (range 265-414 errors) as compared with 


a mean of 347 errors for the six animals of Group IT 
or of a series of 3,4-substituted piperidy] benzylates . 





(range 295-408). The difference between th 


scores of Group I and Group II animals does not 


approach significance {P = 0-465, one-tailed Mann- 
Whitney test). There was one animal in Group I 
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and there were threo in Group II that toate 20. or 
auditory aR deam These results 
provide no evidence of transfer between visual and- 
auditory frequency discriminations in the monkey. 
In a review of the literature! unequivocal evidence 
of positive cross-modal transfer in animals was found 
only in respect of the avoidance situation, with use 
of a single warning cue. Moreover, certain findings 
in man? indicate that cross-modal matching of 
lengths or nonsense shapes can be considerably more 


difficult than intra-modal comparisons. The authors 


of a recent report? state, “‘ ... we feel no doubt that 
inter-sensory rate matching between the eye and the 
ear (in man) is much poorer than intra- -sensory match- 
ing for either of these'sensory processes”. Neverthe- 
less under different conditions, cross-modal matching 
can be accurately accomplished by man’. We 
suggest that language may serve as a cross-modal 
bridge under these latter conditions’, but perhaps 
not when small differences in lengths or rates have 
to be observed*.4, nor in the experiment described 


in this report. 


This work was supported by the Research Fund of 


the Institute of Neurology, and by the Medical 


Research Council, in grants to one of us (G. E.). We 
are sincerely grateful to Dr. E. A. Carmichael, Dr. 
W. A. Cobb and Dr. E. T. O. Slatef for facilities which 
enabled this work to be undertaken ; to H. B. @1é&r- 
ton, who designed and constructed ‘the apparatus ; 
and to Prof. O. L. Zangwill for encouragement. 


D., BURTON 
G. ETTLINGER 
Psychological Laboratory, 
Institute of Neurology, 
Queen Square, London, W.C.1 
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Blocking Effect of Tetrahydroaminacrin 
on a New Psychotomimetic Agent 


TETRAHYDROAMINACRIN, & cholinesterase inhibitor, 
has been found to be an effective antidote to induced 
‘model psychosis’ as well as the central and peripheral 
effects of an acetylcholine inhibitor, JB 329, » in eight 
CARER. 


C,H, HCl 


(Tt) fer 
N-Ethy}-3-piperidy] ey E 
pheny 1 glycolate hydrochloride 





The compound designated JB 329 (1) is a member — k 






which have been recently demonstrated to possess 
psychotomimetic properties'.?. This compound has 
clinical effects that simulate some aspects of psychosis — | 
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~ more closely than lysergic acid diethylamide or 
© mescaline and is therefore of considerable interest. 

. The anticholinergic effect of JB 329 om guinea pig 
leum is compatable to and may exceed atropine. 
‘It also is a weak antihistaminic but has no anti- 
serotonin activity (Research Division of Chemistry 
and Pharmacology, Lakeside Laboratories). Sub- 
stitution of H for OH in the benzylic acid nearly 
abolishes» psychotomimetic properties and conse- 
quently greatly reduces anticholinergic potency, 
‘whereas substitution of a quaternary nitrogen in 


No. 4730 












(I) 
1,2,3,4-Tetrahydro-5-aminoacridine 


3 Rubbo and others*, 5 have shown that 1,2,3, 4- 
nD teprahydro-5-aminoacridine has no bacteriostatic pro- 
_ perties in contradistinction to other related acridines. 
Later this compound was shown to possess a sig- 
“nificant antagonistic effect to morphine depression 
-in dogs’, producing good arousal with the animal 
appearing normal and alert. This stimulant effect, 
“the production of alertness with increased menial 
--elarity, has also been observed clinically when 
--1,2,3,4-tetrahydro-5-aminoacridine has been added 
to. the high morphine dosages frequently employed 
in patients with severe pain from terminal carcinoma 
(Shaw, F: H., personal communication). 
1,2,3,4-Tetrahydro-5-amimoacridine has marked 
Bed anticholinesterase activity, is an effectfve dpcurarizing 
agent’, displays eserine-like activity on the intestine, 
_ and atropine-like properties on the heart. ® 
Coc Mherefore it seemed that 1,2,3,4-tetrahydro-5- 
aminoacridine would warrant a trial as an antidote 
> to the peripheral and central effects induceg by 
< JB 329. Preliminary sereening was carried out 
in animals and 1,2,3,4-tetrahydro-5-aminoacridine 
-= was found to counteract the increased activity pro- 
= duced in mice by JB 329 as measured in an activit 
Ee: 
r T al trials wero then undertaken, arid 1,2,3,4- 
_ tetrahydro-5-aminoacridine, given intravenously, was 
a complete and effective antidote for both the central 
<o and peripheral effects of JB 329 in eight subjects. 
~~ To date we have studied the effects of JB 329, 
.. given both orally and intramuscularly, in a large 
number of cases. In the present work four chronic 
alegholics, one sociopath and three schizophrenics 
were given 10-20 mgm. of JB 329 intramuscularly. 
All subjects. were able to speak adequately. Auto- 
nomic symptoms such as mydriasis, tachycardia, 
dryness of the mouth and muscle weakness were 
-geen in all the subjects. The central effects pro- 
duced in these subjects and in many others studied 






















by others. These began about 20 min. afte 
“ministration of the drug and consisted of confus on 
difficulty in speech and concentration, disorientation 
and hallucinations. Hallucinations were visual, 


NATURE, i 


-the ,piporidyl ring also abolishes E 
TON i n muscularly. He became for a time confused and » 


o i G , M. E., 
were essentially the same as those already reported © Albert, A., Rubbo, 8. D., Goldaere, R. J., Davey, M. E 









6 Shaw, F. H., Gershon, 8 
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olfactory, tactile and auditory, lasted up to 24 hr. 


and reproduced earlier real or hallucinated experi- 


ences. They were accompanied by gross distortion 
of visual perception, and by hallucinating objects 
and people. A number of subjects exhibited paranoid 
ideation and ideas of grandeur. Some showed com- 
plete loss of contact with the environment and re- 
acted to their hallucinations. In some cases stupor 
and Toussitant delirium were produced. 


This 


patient, M, an alcoholic with good ` etal level and. wo 


little deterioration, was given 10 mgm, JB 329 intra- 


drank imaginary glasses of alcohol, refillin: 
from non-existent bottles. 


g them 
His speech also became 





progressively more incoherent until in about 14 hr. 


he became stuporose, with eyes staring fixedly ahead, 


his limbs markedly hypotonic. At this point 30 mgm. 
1,2,3,4 - tetrahydro - 5 - aminoacridine were adminis- 
tered intravenously over 5 min. Two min. after com- 
mencement of the injection he spoke and responded 
rationally, was alert and in complete contact. Muscle 
tone was restored to normal and he could walk 
without assistance. He did not relapse into stupor, 
and conversation was at all times clear and lucid 
and showed no evidence of a return to confusion, 
disorientation or the production of psychotic material 
of a delusional or hallucinatory type. 


Subjects belonging to different diagnostic categories 
respond to JB 329 with distinct and different pictures. 
These will be reported in detail elsewhere (Gershon, 
Sa and Olariu, J., unpublished work). 


Tn all eight cases, the intravenous injection. of 5 


between 30 and 60 mgm. of 1,2,3,4-tetrahydro-5- 


» and unable to articulate any word or sound, and with — 


This type of- 
_response is typical for alcoholics given JB 329. 


aminoacridine was a complete antidote to the /B329- ooo. 
induced state, whatever the predominant clinica pic- 


ture. Furthermore, the 1,2,3,4-tetrahydro-5-amino- 


acridine reversed the blood pressure and heart-rate: — 


changes induced by JB 329, whether initially an 
elevation or a depression of these functions occurred. 

These observations demonstrate that 1,2,3,4-tetra- 
hydro-5-aminoacridine, a cholinesterase inhibitor, is 
a successful. and complete antidote to the ‘model 
psychosis’ induced by /B:329, in both non-psychotic 
and psychotic subjects. “Although these two com- 
pounds affect cholinesterase and acetylcholine in 
vitro, this may not necessarily be their mechanism 
of action in producing the changes reported here. 
However, it is felt that this is a promising area for 
further investigation. 

This work was.supported by a grant from the 
National Institute of Mental Health, No. 1972. 


SAMUEL GERSHON 


Joint Research Project in 
Schizophrenia and Psychopharmacology, 
University of Michigan and 
Ypsilanti State Hospital, 

Box A, Ypsilanti, Michigan. 
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STATISTICS 


The Meaning of Binomial Distribution 


Two generalizations of the simple binomial distribu- 
tion are common in statistical text-books, one due to 
W. Lexis and the other to S. D. Poisson. Lexis 
considered the case in which the probability of an 


event occurring, p, is constant in the N trials of one 
-experiment, but varies among several such experi- 


ee 


ments. He showed that the mean and variance of the ses 
resulting binomial distribution are Np and Npg + ~ 





{p), where p= l-g is the mean, and V(p) 
wiance, of p between experiments. The variance 
thus exceeds that of the simple binomial distribution 
with the same mean. Poisson considered the case in 
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which p takes the value p; at the ith trial in each | 
experiment, and showed that the mean and variance | 
of the resulting distribution are Np and Npq — . 


NV’(p), where V’(p) is the variance of p within 
experiments. 

In-order to specify the exact form of the modified 
binomial distribution, it is necessary to postulate a 
distribution for p, in the first case, and the values p; 
in the second. A convenient distribution for p is 
the B-distribution, and the resulting Lexian binomial 
has been described and used by Edwards! in con- 
nexion with work on the human sex ratio. The 
Poisson binomial is not commonly used, although 
to do so would be a simple, if tedious, matter. Parkes? 
gives some data on the sex ratio in pigs which 
exhibit unexpectedly small variances, and if he 
had known of this distribution he need not have 
observed that his was “a finding very hard. to 
interpret”. 

David? describes Lexian and Poissonian variation 
adefuately, including the case in which both types 
occur simultaneously. But she perpetrates a common 
fallacy. when she concludes that if the observed 
variance of a binomial distribution does not differ 
significantly from Nog then “the probability may be 
assumed, to be constant throughout the observations”. 
For the two types of variation may be masking each 
other, and the only valid inference is that there is no 
evidence for. variations im the probability. 

I have recently found a third generalization of the 
simple binomial distribution useful. Suppose that the 


- probability is p at’each trial, but that the result of a 


trial is campally correlated to the result of the previous 

Then, formulating 
the probier like 2 “Markov process, the matrix 
of transition probabilities from, v apo trial to the 
next is: Be 





p+r a rq 


and the generating function of the ‘Markov binomial’ 


Ee 


distribution is: 


+rg)e q ~ re 
G(s) : ad - (ps q) o (G = ae T + ra 


ee s is a dummy variable, 








invereatine property : 


G = 


rg q — rg ac! + rNqcgq — rNq 
Sta tm) p —rNp q +rNp 





Thus the E coefficient between tria 
ated by N -— 1 other trials is rN. 


epar- 
The coefficient i is; ino 
‘fact, the déterminant of the mathix. 
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The mean of the distribution is clearly Np, and the _ 
variance can be found from the formula for the 


variance of the sum of N correlated variables : 


+ (N= 1)rpq + 2(N-2)r%pq + 


‘at = Npq 
= 2(N — 3)r8pg ... + 2¢N-*pq 


= Npq + 2pq . (ia a (N(1- r) - —1 aN) 


This variance exceeds Npq if the correlation is ss 
positive, but is- less than Npq if the correlation is - 


negative. 

In practice it is impossible to separate out the 
three effects here described when the data are solely 
in the form of binomial distributions; but. if the 
data are available “broken down into series, an, 
analysis may be made: 

It can be shown that the correlation coefficient 


between successive trials is equal to: 


F(p) 
Pq 

+ 
where r is the correlation coefficient between successive 
trials within experiments and V(p) is the variance of 
p between experiments. Small variations in p between 
trials are second-order effects in the expression 


r -+ €1—r) 


and may be`neglected. Thus the correlation co- ` 


efficient between trials separated by (N -—1) other 
trials is: 
s F(p), 

pN l-r 

rN +. ( ) a 
and this formula enables V and r to be estimated. 
Variation: in æ between trials may, of course, be 
estimated threctly. 

We age thus equipped to analyse binomial data 
on the fairly comprehensive hypothesis that the 
probability of an event nian: at: the ith trial in 
the jth experiment is p; + pj, where the pps are 


smal? and Sip; = 0, there being an additional real, 


correlation, with coefficient r, between the results. of. 
Further general- 


successive trials in an experiment. 
{zation may, of course, be made, at the risk of some 
complexity, 
exist that warrant it. 


but it is doubtful whether any data - 


a 


In conclusion, it must again be EES that - 


no useful inferences can be made from the fact that 
data fit the simple binomial distribution satisfactorily ; 


for, on one hand, variability of p between experi- s, 


ments, and a positive correlation between successive 
trials, inerease the variance, and on the other, 


variability of p between trials, and a negative correla- | 


tion, reduce it. 


“A.W. Fe EDWARDS 


Department of Genetics, — 
University of Cambridge.. 
Feb. 12. 


ward: AL W., F., Ann. Hum. Genet., 23, 6 (1958), 


“h-Parkes, A. S., Biometrika, 15, 373 (1923). a 
N., “Probability Theory for Statistical Methods” (Cam- 


3 David, F. 
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"APPOINTMENTS VACANT 


PPLICATIONS are iffvited for the following apffointments on or 
yefore=the dates mentioned: — a 

~ RESEARCH ASSISTANT, for work on the structure of crystalline pro- 
teins using X-rays and- electronic computers—-The Secretary, Birk- 
kK ial (University of London), Malet Street, London, W.C.1 


ne AY). b 
ASSISTANT LECTURER (with a degree in botany with some zoology) 
Ww. BroLoey--The Registrar, University College of North Stafford- 
Keele, Staffs (June 30). # $ 
STRATOR IN THE DEPARTMENT OF GEOLOGY—The Registrar, 
ty Coude of North Staffordshire, Keele, Staffs (June 30). 
ee s ECHNICIAN (with experience of chemical or bio- 
chemical analysis) IN THE DEPARTMENT OF VETERINARY HYGIENE 
AND PREVENTIVE MEDICINE-—The Secretary, University of Edinburgh. 
ee ae” South Bridge, Edinburgh, quoting Ref. No. LT/VH/5/60 

(June 30). 

LECTURER IN APPLIED MATHEMATICS—-The Registrar, Queen Mary 
Jollege (University of London), Mile End Road, London, E.1 (July 3). 
-__ ASSISTANT LECTURER IN PURE MATHEMATICS—The Registrar, The 
o University, Sheffield (July 9). 
___ Bririsn COKE RESEARCH FELLOW IN THE DEPARTMENT OF, CHEM- 
. ISTRY, for research on the carbonization of high polymers—The 
- Registrar, The University, Hull (July 9). ' 















LECTURER (Grade I) IN PURE MATHEMATICS—The Registrar, The” 


University, Leicester (July 9). 

SHELL STUDENTS (graduates in chemistry or engineering) IN CHEM- 
ICAL ENGINEERING—The i rar, King’s College (University of 
London), Strand, London, W.C.2 (July 4). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF Z00- 
Loay—The Registrar, The University, Liverpool, quoting Ref. No. 
CV/T (July 9). 

W. J. REES RESEARCH FELLOW (with some research experience) 
IN THE DEPARTMENT OF REFRACTORIES TECHNOLOGY in the Faculty 

; of Metallurgy, to advance knowledge in the fleld of refractory material 

ocsom=DThe. Registrar, The University, Sheffield (July 9}. 

-o RESEARCH ASSISTANT (with a good honours degree in botany or 

< agricultural botany and an interest in experimental ecology and/or 

genetics) IN AGRICULTURAL BOTANY, for investigations on the mineral 

nutrition of natural Populations of agriculturally important grass 
jos--The Registrar, University College of North Wales, Bangor, 

North. Wales (July 15) 

| ASSISTANT (preferably with an interest in systematics of the fungi) 

iN BOTANY--The Secretary of University Court, The University, 

Glasgow (July 16). 

_ FELLOW (chemist or biochemist, with the Ph.D. degree or about 

to obtain it} IN THE CHEMISTRY DEPARTMENT «of the Faculty of 

Science, for the study of nucleotides in relation to the bacterial cell 

_ wall-—-The Registrar, The University, Manchester 13 (July 16). 

_  LDYOTURER IN ELECTRONIC CompuTiInG—The Registrar, The Univer 

_ sity, Deeds 2 (July 16). , 

=o SEEDENT (with good honours in a first degree in physics) IN THE 

DEPARTMENT OF PHYSICS, for research on the thermionic and related 

aspects of the direct conversion of thermal to electrical energy—-The 

Professor of Physics, The University, Southampton (July 16). 

; FELLOW or SENIOR FELLOW IN THE DEPARTMENT OF PHYSICAL 

JOCHEMISTRY, John Curtin School of Medical Research, Australian 
















© National University—-The Secretary, Association of Universities of 
~ the British Commonwealth, 36 Gordon Squgre, London, W.C.1 





: (Australia and London, July 18). $ 
Oee SRNTOR LECTURERS and LEOTURERS IN CHEMISTRY, MATHEMATICS, 
. BHYSIOS, ZOOLOGY AND ENGINEERING at Monash University, Clayton, 
.Vietoria, Australia--The Secretary, Association of Universities of 
: he an Commonwealth, 36 Gordon Square, ‘London, W.C.1 
TEMPORARY ASSISTANT LECTURER of TEMPORARY LEOTURER (pre- 
ferably with interests in applied mathematics) IN THE DEPARTMENT 

OF MatuEMATics—The Secretary,: University College, Gowe? Street, 

London, W.C.1 (July 20). : i 

ASSISTANT FOREST ENTOMOLOGIST (with a degree or diploma in 
science or an applied science with training and aptitude for forest 
entomological research) with the Forests Commission of Victoria, 
Australia, to undertake field investigations into the incidence and 
> control of forest insect pests, under the Forest Entomologist and 
~ Research Officer—The Agent-General for Victoria, Victoria House, 

~~. Melbourne Place, Strand, London, W.C.2 (July 23)... 

RESEARCH ASSISTANT IN THEORETICAL Paysics in ‘St. Salvator’s 

College—-Joint Clerk to the University Court, College Gate, St. 
-~ Andrews (July 23). 
» DLEeorerer (with a good honours degree and a special interest in 
mycology and plant pathology) IN BoTANY at the University College 
of the West Indies-—-The Secretary, Inter-University Council for 
ia ni aaa Overseas, 29 Woburn Square, London, W.C.1 
Wiy Zo). of ate: 

___CHATR OF CIVIL ENGINEERING, and CHAIR OF ELECTRICAL ENGINEER- 
ING at the Royal Technical College of East Africa and proposed Uni- 
versity College in Nairobi—The Secretary, Inter-University Council 
one cad Education Overseas, 29 Woburn Square, London, W.C.1 

t. y > i 

CHAIR OF GEOGRAPHY in Canberra University College, Australia— 
The Secretary, “Association of Universities of the British Common- 
oe Gordon Square, London, W.C.1 (Australia and London, 

ASSISTANT PROFESSOR IN THE DEPARTMENT OF CHEMICAL ENGINEER- 
InG-—Head of the Department of Chemical Engineering, University 
of British Columbia, Vancouver, B.C., Canada (July 31). 

LECTURER (preferably with experience in comparative physiolog: 
or experimental zoology) IN ZOOLOGY at the University of Aue 
New Zealand—-The Secretary, Association of Universities 
British Commonwealth, 36 Gordon Square, London, W.C (N 
Zealand and London, July 31). i i 

LECTURER (with a degree in chemical engineering and experience in 
the practice of chemical engineering in industgy and/or in teaching and 
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SENIOR LECTURER IN STATISTICS; and a LECTURER IN PHARMACY 
at Rhodes University, Grahamstown, South Africa—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (South Africa and London, July 31). _ 

DIRECTOR OF THE SOUTH AUSTRALIAN INSTITUTE OF TECHNOLOGY, 
North Terrace, Adelaide, South Australia—The Agent-General for 
South Australia, South Australia House, 50 Strand, London, W.C.2 
(August 20). 

LECTURER IN ARCHHOLOGY—The Secretary of University Court, 
The “University, Glasgow (August 31). _ s 

READER IN ELECTRIC TRACTION at the Imperial College of Science | 
and Technology, London, 8.W.7--The Academic Registrar, Univer- . 
sity of London, Senate House, London, W.C.1 (September 12), = = 

ASSISTANT EXPERIMENTAL OFFICERS (2) (graduates), one. for a ` 
trapping and marking programme and population and distribution — 
studies (an unmarried man), and the other for the study of parasite _ 
ecology--The Assistant Director (Research), The Wildfowl Trust, 
Slimbridge, Glos. nk 

ASSISTANT, Grade B, IN MATHEMATICS--The Registrar, Bradford 
Institute of Technology, Bradford 7. 

ASSISTANT LECTURER IN PHYSICAL CHEMISTRY-—Prof. R. M. Barrer, 
E.R.S., Chemistry Department, Imperial College of Science and 
Technology, London, S.W.7. 

ASSISTANT or ASSOCIATE PROFESSOR (with Ph.D. or equivalent, 
plus demonstrated: ability in pharmacology or related fields. of 
physiology or biochemistry) IN THE DEPARTMENT OF PHARMACOLOG Yẹ è 
AND THERAPEUTICS—Dr. Mark Nickerson, University of Manitoba, 
Winnipeg, Canada. — 

BIOCHEMIST (Senior or Basic grade) to the Rochdale Group of 
Hospitals, to work under the Consultant Pathologist and to carry out — 
biochemical work for the hospitals and clinics of the Group—The Group 
Secretary, Rochdale and District Hospital Management Committee, 
Central Offices, Birch Hill Hospital, Rochdale, Lancs. 

BIGCHEMIST (non-medical) IN THE DEPARTMENT OF MEDICINE, 
Makerere College (University College of East Africa)—-The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1. . 

HEAD OF THE SCHOOL OF LIBRARIANSHIP, Manchester College of 
Science and Technology--The Secretary, The Library Association, 
Chaucer House, Malet Place, London, W.C.1. 

JUNIOR Puysicist-—The Clerk to the Governors, St. Bartholomew's 
Hospital, London, E.C.1, marking envelope “Physicist”. 

LECTURER (with a good honours degree and preferably a higher 
degree) IN GEOLOGY with emphasis on Petrology and Structural Geo- 
logy--The Secretary, Sir John Cass College, Jewry Street, London, 
K.C.3. 

POSTDOCTORAL FELLOW IN THE DEPARTMENT OF CHEMICAL ENGIN- 
BERING, for research into flame spectroscopy or a related subject 
Dr. A. G. Gaydon, F.R.S., Imperial College of Science and Technology, 
London, 8.W.7. , . 

RESEARCH ASSISTANT {PHYSIOCIST) (preferably with a knowledge ~ 
of electronics and a degree in physics), for work with th®eX-ray 
scanning micro-analyser (electron probe) in the field of ore microseopy 
—Dr, A. P. Millman, Mining Geology Department, Royal School of 
Mines, Prince Consort Read, London, §.W.7. 

RESEARCH ASSISTANT (preferably with experience in cytology}, 
to take part in a programme designed to study human chromosome 
abnormalities and associated disorders—The Secretary, Genetics 
Department, The University, Sheffield 10. i 

RESEARCH FELLOW (with a Ph.D. degree or equivalent research 
experience) IN THE CHEMISTRY DEPARTMENT, for work on the kinetics 
of gaseous oxidation reactions, in collaboration with Dr. R. R. 
Baldwin—The Professor of Chemistry, The University, Hull. l 

RESEARCH STUDENT IN CHEMISTRY, for work on the chemistry of 
urease under the direction of Prof. W. Cocker--The Registrar, Trinity 
College, Dublin. ; 

SENIOR GRADE TECHNICIAN €A.1.M.L.T. or B.Sc.) IN THE Bio- 
CHEMISTRY DEPARTMENT, for general routine work--The Secretary, 
Group 9 Pathological Laboratory, 6 Rickmansworth Road, Watford, ° 
Herts. 3 eit, 

SENIOR LECTURER IN. PHYSICS, and a LECTURER IN Puysics— 


The Secretary, Sir John Cass College, Jewry Street, London, E.C.3. 


SENIOR LECTURER (well qualified, with industrial and/or research 
IN ORGANIC CHEMIsTRY-—The Bradford 
Institute of Technolegy,.Bradford 7. _ 

SENIOR TECHNICIAN ID. TO TAKE CHARGE OF THE BIOCHEMISTRY 
DEPARTMENT in the Group DLaboratory-—The Secretary, Forest Group 
H.M.C., Langthorne Road, London, E.11. i 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
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Department of Scientific and Industrial Research. Radio Research 
1958 : The Report of the Radio Research Board and the Report of the 
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(London : Research Defence Society, 1960.) 6d. [44 
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The University College Farm in the Agriculture of Rhodesia and 


F Nyasaland: an inaugural Lecture given in the University College of 


Rhodesia and Nyasaland. By Prof. A. G. Davis. Pp. 43. (London : 
Oxford University Press, 1960.) 4s. net. E [44 
Henry Wiggin and Co., Ltd. Nimocast Heat-Resisting Alloys. 
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Ministry of Labour. Central Youth Employment Executive. Choice 
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No. 100: The Scientist. Pp. 48. 1s. 3d. net. (London : H.M. Stationery 
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Ministry of Education. Circular 1/60 (28th March 1960): The 


Future Development of Management Education and of Business . 


on of Joint Examination Schemes. Pp. 3. Appendix to 
“Report of the Working Party appointed to examine 
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Ot Pal inauatries research Association, Report of the Director of 
Research for 1959. Pp. 39. (Publication No, 214.) (Headingley, Leeds : 
Wool Industries Research Association, 1960.) ~ i i {74 
Hertfordshire County Council Technical Information Service. 
Microtexts as Medis for Publication. (The papers and discussion of a 
Symposium held at Hatfield Technical College on the 10th November, 
1959, under the Chairmanship of Mr. D. T. Richnell, B.A., F.L.A.) 
Pp. 87. (Roe Green, Hatfield: County Technical Librarian, Hatfield 
Technical College, 1960.) os [74 
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cyo Astronomical Observatory, Tokyo Astronomical Bulletin, 
Pies | Seres. No. 117: Meridian Observations of the Right Ascen- 
of the Moon and Planets during the year 1958. By S. Nakano, 
H. Yasuda and H. Hara. Pp. 1359-1366. No, 118: Approximate 
Positions of Artificial Satellites Obtained with the Baker-Nunn 
Schmidt Camera (1). By the Sky Patrol Section of the Tokyo Astrono- 


ical Observatory. Pp. 1867-1380. No. 119: Revision of the Tokyo | 
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at Tokyo. By Shigetaka Iijima, Yoshima Ohki and Iwai: Oyuma. 
Pp. 1525-1536. (Tokyo: Tokyo Astronomical Observatory, 1959 
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Organization r Enropean Economic C#operation: European 
Nuclear Energy Agency, The Industrial Challenge on Nuclear Energy 
3: Stresa Conference. Part 3: The Market for Nuclear Materials— 
Fuels—Modcerators—-Special Metals. Pp. 297. (Paris: Organization — 
for European Econemic Co-operation o London: H.M. Stationery 
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_ Neunzehnter Jahresbericht der Schweizerischen Gesellschaft für 
Vererbungsforschung—Société Suisse Génétique (S.8.G.), 1959. Mit 
Unterstützung der Julius Klaus-Stiftung für Vererbungsforschung, 
Sozialanthropalogie und Rassenhygiene in Zürich. Herausgegeben von 
Marthe Ernst-Schwarzenbach. | (Separatabdruck aus Arehiv der 
Julius-Stiftung für Vererbungsforschung, Sozialanthropologie und 
Rassenhygiene, Band XXXIV 1959, Heft 1/4). Pp. 193-319. (Zürich : 
Art, Institut Orell Fiissli AG., 1959.) 44 


South African Council for Scientific and Industrial Research: 


National Nutrition Research Institute. C.S.LR. Research Report 172: © 
Food Enrichment in South Afriea—a Study of Principles of Food |» 


Enrichment and Their Application to Food Policy in South Africa, ©% 
with special reference to the Use of Fish Flour for the Protein Enrich- ~. 
ment of Bread. Pp, xili+157. (Pretoria: South African Council for i 
Scientific and Industrial Research, 1959.) [44 

Uganda Electricity Board. Twelfth Annual Report and Accounts 
for the year ended 31st December, 1959. Pp. 52. (Kampala: Uganda 
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Meddelelser fra Danmarks Fisheri- og Havundersegelser. Ny 
Series, Bind 2, Nr. 23-26. Nr, 23: Investigations on the Quantitative 
and Qualitative Distribution:.of Zooplankton in the Southern Part of 
the Norwegian Sea. By V. K. Hansen. Nr. 24: A Quantitative Investi- 
gation of the Echinoderm Fauna of the Central North Sea. By Erik 
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Pp. 292-45 plates. (København: C.A. Reitzels Forlag, 1960.) 47 
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Chicago Museum of Natural History. Fieldiana: Anthropology. 
Vor 50: Leadership and Cultural Change in Palau. By Roland W. 
Force. Pp. 211. 5 dollars, Vol. 51, No.1: Excavations in the Upper 
Little Colorado. Drainage, Eastern Arizona. Wy Paul S. Martin and 
John B. Rinaldo. Pp. 127, 4 dollars, (Chicago: Chicago Natural 
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Teehnieal Report Series. No, 192: 
Epidemiology of Cancer of the Lung—-Report of a Study Group. Pp... : 
13. (Geneva: World Health Organization: London: H.M. Stationéry © 
Office, 1960.) 1 Swiss frane; 1s. Od. ; 0.30 dollars. 74 Ë 
Council of Scientifieeand Industrial Research: Regional Research ¿ 
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Annual Report of the Indian Council of Agricultural Research for 
1956-57, Pp. vi+209. (Delhi: Manager of Publications, 1959.) Rs. 
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Indian Forest Records (New Series). Mycology. Vol. 2, No. 2: 
Heart-Rots in Relation to Management-of Sal. By B. K. Bakshi. Pp. 
ii+13 —23 +3" plated? (Delhi: Manager of Publications, 1959.) Bs. 
1.25; 2s. í [74 
Report on the Revision of they Patents Law: By Shri Justive N. 
1 PAANS vangan Pp. x +3897. (Delhi: Manager of amare? 
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Section. Vol. 7, No. 2: Select Satavihana Coins in the Government 
Museum, Madras. By Dr. M. Rama Rao. Pp. 27 (2 plates). Rs, 1,75. 
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Architecture. By P. R. Srinivasan. Pp. ili+34. Rs. 1.70. (Madras i~, 
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Australian National University: . Mount Stromlo Observatory. 





Annual Report for the year 1959. Prepared by Bart J. Bok, Director. => 
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New Series,  . 
Vol. 50, Part 3: The Archacology of the Lower Tapajós Valley, Brazil. ; 
By Helen Constance Palmatary. Pp. 243 (121 plates), (Philadelphia : — 
American Philosophical Society; 1960.) 5 dollars. ~ {1440 
Commonwealth Scientific and Industrial Research Organization, 
Australia. Bulletin No. 282 A Survey of Fruit Cool Store. By G. M. 
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COMPEETE RANGE OF 


UTOCLAVES 


FOR THE MODERN LABORATORY 


The single gauge on each of the new BTL ‘Bara’ 
autoclaves is angled for easy reading and shows chamber 


pressure and temperature independently. A B.T.L. regulator 


maintains set pressure to within ti lb. per sq.in., anda 
safety valve limits maximum pressure to 28 lbs. per sq. in. 
A perfect seal is obtained with easy hand-tightening 

of the heat-insulated lid handles. The autoclaves are 
convenient and safe in use and each autoclay is provided 
with a test certificate. 

The range comprises vertical and horizontal models in 
various sizes. Heating of the standard models is nermally by 
gas or electricity. Autoclaves conforming to B.S. 2646:1955 
are also available. Please write for full details. 











complete 
laboratory 
service 
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BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester and Glasgow. 


Agents throughout U.K. and all over the world 
TAS/BT 54 


- 


PA _repair service, and loan units 
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the standard laboratory bath ` 


? 

Stainless steél tank: Propeller stirring. — 
Dial marked in degrees Centigrade: 
Available with pump for circulating water 
through other apparatus. 

Wide range of test-tube racks, lids, 
cooling and constant level devices. . 
Unconditionally guaranteed for 
one year. Forty-eight hour 





available by return of post: 


Standard Models ~ * g + 
Range 10° to 100° C- +025° C 

SB1 (9”x8”x6”) >. £27 5 
SB2 (15”x8”x6”) ... £28.10 


o'o o o’ 


SB3 (21”x12”x11”) (£32 0 >_e 
SB4 (15” x 12” x9”) £31 0 ‘ 
(working space in brackets) . a 


x b os l ; . ` gi j 


..*~ low temperature-bath + -` 


<. s 
Models RR4 and RB4P a 
Range’ — 20°C. to + 60° C. + 0.5540." | 
This hgs all the features of our standard. : 
baths, but has a stainless steel heat extractor 
in’the botton of the tank, driven by a 
refrigeration compressor in, the. lower section. 
» If fitted with a pump (as illustrated) it can 
"be used-for circulating liquid at a controlled è 
.* température through other apparatus. Í 


` Model RB4 (without pump) £97 10 0 
-+ Model RB4P (with pump) £102 5 0 
(tank dimensions as SB4—see above) - : n 
+ 


— © 
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_ Grant Instruments 
(Cambridge) Ltd. 
"~ s Barrikan, Cambridge Telephone: Harston 528 
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